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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.


      
        Panama's ocean lifeline vanishes for the first time in 40 years
        Every year, Panama's Pacific coast benefits from powerful seasonal winds that drive nutrient-rich waters to the surface, sustaining fisheries and protecting coral reefs. But in 2025, for the first time in at least four decades, this crucial upwelling did not occur. Scientists suspect weakened trade winds linked to climate disruption played a role, leaving cooler waters absent and fisheries under stress.

      

      
        Common allergy spray slashes COVID-19 risk in surprising trial
        A common hay fever nasal spray was found to cut COVID-19 infections by two-thirds in a clinical trial, while also reducing rhinovirus cases. Researchers believe it could serve as an easy, low-cost preventive measure, pending further studies.

      

      
        Astronomers uncover a hidden world on the solar system's edge
        Astronomers have uncovered a massive new trans-Neptunian object, 2017 OF201, lurking at the edge of our solar system. With an orbit stretching 25,000 years and a size that may qualify it as a dwarf planet, this mysterious world challenges long-held assumptions about the "empty" space beyond Neptune. Its unusual trajectory sets it apart from other distant bodies and may even cast doubt on the controversial Planet Nine hypothesis.

      

      
        Earth's safe zones are vanishing fast
        A sweeping new study reveals that humanity has already pushed 60% of Earth's land outside its safe biosphere zone, with 38% in a high-risk state. By analyzing centuries of data, researchers mapped how human demands on biomass--from farming to energy production--have destabilized ecosystems worldwide. Europe, Asia, and North America show the deepest disruptions, reflecting centuries of land-use change.

      

      
        Strange new bacteria found in Amazon sand flies. Could it spread to humans?
        A newly discovered species of Bartonella bacteria in Brazil's Amazon sand flies shares DNA similarities with dangerous Andean strains. Scientists stress the need for further studies to see if it can infect humans and spread beyond its known regions.

      

      
        MIT scientists uncover shocking origin of the moon's magnetic scars
        For decades, scientists have puzzled over why lunar rocks show signs of strong magnetism when the moon itself has no global magnetic field today. New simulations suggest the answer may lie in a powerful asteroid impact billions of years ago.

      

      
        A common supplement could reverse the hidden harm of sucralose
        Sucralose, the sugar substitute in many diet products, may weaken cancer immunotherapy by altering gut bacteria and reducing arginine levels needed for immune cells. But supplementation with arginine or citrulline could counteract this effect, pointing to new clinical trial possibilities.

      

      
        Satellites confirm 1990s sea-level predictions were shockingly accurate
        Satellite data reveals sea-level rise has unfolded almost exactly as predicted by 1990s climate models, with one key underestimation: melting ice sheets. Researchers stress the importance of refining local projections as seas continue to rise faster than before.

      

      
        The fat you can't see may be damaging your heart, even if you exercise
        Hidden fat wrapped around organs, known as visceral fat, has now been linked to faster heart aging. Using AI and imaging from more than 21,000 people in the UK Biobank, scientists found that this invisible belly fat accelerates stiffening and inflammation of the heart, while fat stored around hips and thighs may actually protect women.

      

      
        Experts warn: Smartphones before 13 could harm mental health for life
        Getting a smartphone before age 13 may drastically increase the risk of poor mental health later in life, according to data from more than 100,000 people. Early use is linked to suicidal thoughts, aggression, and detachment, largely driven by social media, cyberbullying, and lost sleep. Researchers urge urgent action to restrict access and protect young minds.

      

      
        Baby pterosaurs died in ancient storms--and their fossils reveal the truth
        Two tiny pterosaurs, preserved for 150 million years, have revealed a surprising cause of death: violent storms. Researchers at the University of Leicester discovered both hatchlings, nicknamed Lucky and Lucky II, with broken wings--injuries consistent with being tossed through the air by powerful gusts. These storms not only claimed their lives but also created the rare conditions that preserved them so perfectly in the Solnhofen limestones.

      

      
        Scientists made plastic that eats carbon
        A team of chemists has discovered how to transform PET plastic waste into BAETA, a material that captures CO2 with remarkable efficiency. Instead of ending up as microplastics in the environment, discarded bottles and textiles could become tools to combat climate change. The method is energy-friendly, scalable, and potentially lucrative, offering industries both sustainability and practicality.

      

      
        Tiny gold quantum needles with astonishing powers discovered
        Scientists at the University of Tokyo have unveiled "gold quantum needles," a newly discovered nanocluster structure formed under unusual synthesis conditions. Unlike typical spherical clusters, these elongated, pencil-shaped formations display unique quantum behaviors and respond to near-infrared light, making them promising tools for biomedical imaging and energy applications.

      

      
        Ghost sharks grow teeth on their heads to mate
        Ghost sharks have evolved rows of true teeth on a bizarre forehead rod used for mating. Fossil and genetic evidence revealed the tenaculum's teeth develop the same way as those inside the mouth, offering a striking example of evolution's ability to repurpose biological tools.

      

      
        Oceans could reach a dangerous tipping point by 2050
        UC Santa Barbara researchers project that human impacts on oceans will double by 2050, with warming seas and fisheries collapse leading the charge. The tropics and poles face the fastest changes, and coastal regions will be hardest hit, threatening food and livelihoods worldwide.

      

      
        These clear windows can secretly produce solar power
        Scientists have created a transparent solar coating that turns ordinary windows into clean energy generators without affecting clarity. Using cholesteric liquid crystal layers, the coating redirects polarized sunlight to the window edges where solar cells collect it. A small prototype already powered a fan, and full-sized windows could boost efficiency 50-fold while cutting the need for costly photovoltaic cells.

      

      
        Scientists just found a hidden quantum geometry that warps electrons
        A hidden quantum geometry that distorts electron paths has finally been observed in real materials. This "quantum metric," once thought purely theoretical, may revolutionize electronics, superconductivity, and ultrafast devices.

      

      
        Even the toughest corals are shrinking in warming seas
        Scientists found that Red Sea corals can endure warming seas but grow much smaller and weaken under long-term heat stress. Though recovery is possible in cooler months, rising global temperatures may outpace their resilience, endangering reefs and the people who depend on them.

      

      
        Seagrass found to be a powerful carbon sponge with a surprising weakness
        Seagrass, a vital coastal ecosystem, may be one of the planet's best natural carbon sponges--but its fate depends on how we manage nutrients like nitrogen and phosphorus. While moderate nutrient input can supercharge seagrass growth and boost carbon storage, too much--especially nitrogen--fuels phytoplankton that block sunlight and devastate seagrass beds.

      

      
        Woolly mammoth teeth reveal the world's oldest microbial DNA
        Scientists have uncovered microbial DNA preserved in mammoth remains dating back more than one million years, revealing the oldest host-associated microbial DNA ever recovered. By sequencing nearly 500 specimens, the team identified ancient bacterial lineages--including some linked to modern elephant diseases--that coexisted with mammoths for hundreds of thousands of years. These discoveries shed light on the deep evolutionary history of microbes, their role in megafaunal health, and how they may h...

      

      
        Sweeteners in diet drinks may steal years from the brain
        A large Brazilian study following more than 12,000 middle-aged adults found that those consuming the most artificial sweeteners--commonly found in diet sodas, flavored waters, and processed snacks--experienced significantly faster declines in memory and thinking skills. The effect was equivalent to about 1.6 years of extra brain aging, with the strongest impact seen in people under 60 and those with diabetes.

      

      
        Scientists watch Parkinson's protein drill holes in brain cells
        Scientists have uncovered a surprising way Parkinson's disease may start: tiny toxic proteins that punch holes in brain cells like revolving doors. Instead of causing instant collapse, these flickering pores slowly weaken the cells, which could explain the gradual onset of symptoms.

      

      
        Earth's inner core exists only because of carbon
        New research reveals that carbon made it possible for Earth's molten core to freeze into a solid heart, stabilizing the magnetic field that protects our planet. Without it, Earth's deep interior -- and life above -- might look very different.

      

      
        Scientists reveal how breakfast timing may predict how long you live
        Meal timing shifts with age, and researchers found that eating breakfast later is tied to depression, fatigue, sleep problems, and an increased risk of death. Monitoring when meals are eaten could provide an easy health marker for aging adults.

      

      
        A 3-minute brainwave test could spot Alzheimer's years before symptoms
        Scientists at the University of Bath have developed a simple three-minute brainwave test called Fastball EEG that can detect memory problems years before Alzheimer's is typically diagnosed. Unlike traditional memory tests, it passively records brain responses to images and has now been proven effective in people's homes. With breakthrough Alzheimer's drugs working best in early stages, this low-cost, accessible tool could transform early detection and treatment.

      

      
        Scientists watch an atomic nucleus flip in real time
        Scientists at Delft University of Technology have managed to watch a single atomic nucleus flip its magnetic state in real time. Using a scanning tunneling microscope, they indirectly read the nucleus through its electrons, finding the nuclear spin surprisingly stable for several seconds. This "single-shot readout" breakthrough could pave the way for manipulating atomic-scale quantum states, with future applications in quantum sensing and simulation.

      

      
        Fossil reveals a 310-million-year-old fish that ate with a hidden second jaw
        Scientists uncovered a 310-million-year-old fish fossil with a "tongue bite," teeth on the roof and floor of its mouth that worked like a second jaw. This adaptation, previously thought to have appeared much later, shows how fish rapidly experimented with new feeding strategies after mass extinction.

      

      
        Scientists create biodegradable plastic stronger than PET
        A Japanese research team successfully harnessed E. coli to produce PDCA, a strong, biodegradable plastic alternative. Their method avoids toxic byproducts and achieves record production levels, overcoming key roadblocks with creative fixes.

      

      
        A tiny embryo fold changed the course of evolution
        A small tissue fold in fly embryos, once thought purposeless, plays a vital role in stabilizing tissues. Researchers show that it absorbs stress during early development, and its position and timing likely shaped its evolutionary emergence.

      

      
        The Sun's hidden particle engines finally exposed
        Solar Orbiter has identified the Sun's dual "engines" for superfast electrons: explosive flares and sweeping coronal mass ejections. By catching over 300 events close to their origin, the mission has solved key mysteries about how these particles travel and why they sometimes appear late. The findings will improve space weather forecasts and help shield spacecraft and astronauts from solar radiation.

      

      
        A weirdly shaped telescope could finally find Earth 2. 0
        Spotting Earth-like planets is nearly impossible with conventional telescopes, but researchers propose a bold fix: a rectangular design that can separate a planet's faint glow from its blinding star. This approach could uncover dozens of nearby worlds that might host life.

      

      
        Metformin's mysterious metal effect could explain its big health benefits
        Metformin, the world's most widely used diabetes drug, has long been recognized for its surprising range of benefits beyond lowering blood sugar, from reducing inflammation to lowering cancer risk. Yet its exact mechanism has remained unclear for decades. Now, researchers at Kobe University have uncovered the first clinical evidence that the drug alters levels of key metals in the blood.

      

      
        A monster molecular cloud has been discovered in our galaxy - "No one had any idea this existed"
        Researchers spotted a colossal cloud of gas and dust in the Milky Way, filled with turbulent motion, newborn star seeds, and even a natural microwave laser. This newly found Midpoint cloud appears to funnel material toward the galactic center, offering key insights into star formation in extreme cosmic regions.

      

      
        The flawed carbon math that lets major polluters off the hook
        Past climate assessments let big polluters delay action, placing more burden on smaller nations. A new method based on historical responsibility demands steep cuts from wealthy countries and more financial support for poorer ones. Courts are now stepping in, making climate justice not just political but also legal.

      

      
        Overworked neurons burn out and fuel Parkinson's disease
        Overactivation of dopamine neurons may directly drive their death, explaining why movement-controlling brain cells degenerate in Parkinson's. Mice with chronically stimulated neurons showed the same selective damage seen in patients, along with molecular stress responses. Targeting this overactivity could help slow disease progression.

      

      
        Hidden viruses in our DNA could be medicine's next big breakthrough
        Scientists have decoded the 3D structure of an ancient viral protein hidden in our DNA. The HERV-K Env protein, found on cancer and autoimmune cells, has a unique shape that could unlock new diagnostics and therapies.

      

      
        Warped planet nurseries rewrite the rules of how worlds are born
        Astronomers using ALMA have discovered that planet-forming discs are not flat and serene but subtly warped, reshaping our understanding of how planets form. These slight tilts, similar to those seen among planets in our Solar System, suggest that planetary systems emerge in more chaotic and dynamic conditions than once believed. The findings point to new connections between disc warps, gas flow, turbulence, and the feeding of young stars, raising exciting questions about the forces shaping worlds...

      

      
        A simple metal could solve the world's plastic recycling problem
        Scientists at Northwestern University have developed a groundbreaking nickel-based catalyst that could transform the way the world recycles plastic. Instead of requiring tedious sorting, the catalyst selectively breaks down stubborn polyolefin plastics--the single-use materials that make up much of our daily waste--into valuable oils, waxes, fuels, and more.

      

      
        Central Asia's last stable glaciers just started to collapse
        Snowfall shortages are now destabilizing some of the world's last resilient glaciers, as shown by a new study in Tajikistan's Pamir Mountains. Using a monitoring station on Kyzylsu Glacier, researchers discovered that stability ended around 2018, when snowfall declined sharply and melt accelerated. The work sheds light on the Pamir-Karakoram Anomaly, where glaciers had resisted climate change longer than expected.

      

      
        Scientists discover how to wipe out breast cancer's hidden cells
        Scientists at the University of Pennsylvania have shown for the first time that it's possible to detect dormant cancer cells in breast cancer survivors and eliminate them with repurposed drugs, potentially preventing recurrence. In a clinical trial, existing medications cleared these hidden cells in most participants, leading to survival rates above 90%. The findings open a new era of proactive treatment against breast cancer's lingering threat, offering hope to survivors haunted by the fear of r...

      

      
        Why Alzheimer's attacks the brain's memory hub first
        Virginia Tech researchers are investigating how overloaded mitochondria in the brain's memory circuits may spark early Alzheimer's damage. Their work focuses on calcium signaling and how it might trigger breakdowns in the entorhinal cortex.

      

      
        Distant suns covered in dark spots could shape the search for life
        A new model called StarryStarryProcess lets scientists map star spots with precision, improving how exoplanets are studied. By factoring in both transits and stellar rotation, it provides richer details about stars and their influence on planetary signals.

      

      
        NASA's SPHEREx Captures Comet 3I/ATLAS, a Visitor From Beyond the Solar System
        NASA's SPHEREx joined Webb and Hubble in studying interstellar comet 3I/ATLAS, gathering data on its size, chemistry, and physical traits. While harmless to Earth, the comet provides scientists a rare opportunity to learn more about solar system wanderers.

      

      
        NASA's Webb Space Telescope Reveals Secrets of Interstellar Comet 3I/ATLAS
        Webb, Hubble, and SPHEREx are joining forces to study the interstellar comet 3I/ATLAS, revealing details about its structure and chemistry. The comet isn't dangerous, but it's offering scientists a rare chance to explore material from outside our solar system.

      

      
        Study finds cannabis improves sleep where other drugs fail
        A long-term study following insomnia patients treated with cannabis-based medical products revealed sustained improvements in sleep quality, mood, and pain management over 18 months. Most participants reported better rest and less anxiety or depression, while only a small fraction experienced mild side effects such as fatigue or dry mouth.

      

      
        Scientists reveal how breathwork unlocks psychedelic bliss in the brain
        High-ventilation breathwork with music can evoke psychedelic-like states, shifting blood flow in the brain and reducing negative emotions. Participants experienced unity and bliss, pointing to a natural therapeutic tool with powerful potential.

      

      
        The midlife crisis is over, but something worse took its place
        Once a universal feature of human psychology, the "unhappiness hump" in midlife has disappeared, replaced by a new trend: mental health is worst in youth and improves with age. Data from the U.S., U.K., and dozens of countries suggest today's young people are driving this shift, facing deeper struggles than previous generations.

      

      
        Mysterious bone disease ravaged Brazil's giant dinosaurs
        Fossilized bones in Brazil reveal that deadly infections plagued sauropods 80 million years ago. Researchers uncovered unhealed lesions consistent with osteomyelitis, pointing to pathogens spread through stagnant waters or insect bites.

      

      
        Strange "heavy" electrons could be the future of quantum computing
        Scientists in Japan have uncovered a strange new behavior in "heavy" electrons -- particles that act as if they carry far more mass than usual. These electrons were found to be entangled, sharing a deep quantum link, and doing so in ways tied to the fastest possible time in physics. Even more surprising, the effect appeared close to room temperature, hinting that future quantum computers might harness this bizarre state of matter.

      

      
        Powerful new painkiller ADRIANA shows promise in ending opioid dependence
        Japanese scientists have developed ADRIANA, a non-opioid painkiller that could provide powerful relief without the dangers of addiction. With successful trials already completed, large U.S. studies are now underway, raising hopes for a safer future in pain treatment.
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Panama's ocean lifeline vanishes for the first time in 40 years | ScienceDaily
During the dry season in Central America (generally between December and April), northern trade winds generate upwelling events in the ocean waters of the Gulf of Panama. Upwelling is a process that allows cold, nutrient-rich waters from the depths of the ocean to rise to the surface. This dynamic supports highly productive fisheries and helps protect coral reefs from thermal stress. Thanks to this movement of water, the sea along Panama's Pacific beaches remains cooler during the "summer" vacation season.


						
Scientists from the Smithsonian Tropical Research Institute (STRI) have studied this phenomenon and their records show that this seasonal upwelling, which occurs from January to April, has been a consistent and predictable feature of the gulf for at least 40 years. However, researchers recently recorded that in 2025, this vital oceanographic process did not occur for the first time. As a result, the typical drops in temperature and spikes in productivity during this time of year were diminished. In the recently published article in the journal PNAS, scientists suggest that a significant reduction in wind patterns was the cause of this unprecedented event, revealing how climate disruption can quickly alter fundamental oceanic processes that have sustained coastal fishing communities for thousands of years. Still, further research is needed to determine a more precise cause and its potential consequences for fisheries.

This finding highlights the growing vulnerability of tropical upwelling systems, which, despite their enormous ecological and socioeconomic importance, remain poorly monitored. It also underscores the urgency of strengthening ocean-climate observation and prediction capabilities in the planet's tropical regions.

This result marks one of the first major outcomes of the collaboration between the S/Y Eugen Seibold research vessel from the Max Planck Institute and STRI.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/09/250907024537.htm
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Common allergy spray slashes COVID-19 risk in surprising trial | ScienceDaily
The trial, led by Professor Robert Bals, Director of the Department of Internal Medicine V at Saarland University Medical Center and Professor of Internal Medicine at Saarland University, divided the 450 participants into two groups. The treatment group of 227 individuals used an azelastine nasal spray three times a day over a 56-day period. During that same period, the 223 participants in the control group used a placebo spray three times a day. Robert Bals summarized the key finding as follows: 'During the observation period, 2.2% of the participants in the azelastine group became infected with SARS-CoV-2; in the placebo group, it was 6.7% -- three times as many.' All infections were confirmed by PCR testing.


						
In addition to showing a marked reduction in coronavirus infections, the azelastine group also displayed fewer symptomatic SARS-CoV-2 infections, a lower overall number of confirmed respiratory infections, and, unexpectedly, a reduced incidence of rhinovirus infections, another major cause of respiratory illness. In the treatment group, 1.8% developed a rhinovirus infection, compared to 6.3% in the placebo group -- a proportion similar to that seen for SARS-CoV-2.

Azelastine nasal spray has been available for decades as an over-the-counter treatment for hay fever. Previous in vitro studies on azelastine had already suggested antiviral effects against SARS-CoV-2 and other respiratory viruses. 'This clinical trial is the first to demonstrate a protective effect in a real-world setting,' says Professor Bals.

For Robert Bals, the results suggest practical applications: 'Azelastine nasal spray could provide an additional easily accessible prophylactic to complement existing protective measures, especially for vulnerable groups, during periods of high infection rates, or before travelling.' But Professor Bals also stressed the importance of further research: 'Our results highlight the need for larger, multicentre trials to continue exploring the use of azelastine nasal sprays as an on-demand preventive treatment, and to examine its potential effectiveness against other respiratory pathogens.'

Besides Professor Bals, the randomized, double-blind phase 2 study 'CONTAIN' also involved the Institute of Clinical Pharmacy (Professor Thorsten Lehr, Dr. Dominik Selzer), the Institute of Virology (Professor Sigrun Smola), and the Saarbrucken-based pharmaceutical company URSAPHARM Arzneimittel GmbH, which sponsored the study and manufactured the investigational product. The Helmholtz Institute for Pharmaceutical Research Saarland (HIPS) contributed through the research groups of Professor Smola and Professor Bals. The project serves as an excellent example of successful collaboration between academic research, industry partners and public health initiatives in the Saarland region.
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Astronomers uncover a hidden world on the solar system's edge | ScienceDaily
A small team led by Sihao Cheng, Martin A. and Helen Chooljian Member in the Institute for Advanced Study's School of Natural Sciences, has discovered an extraordinary trans-Neptunian object (TNO), named 2017 OF201, at the edge of our solar system.


						
The TNO is potentially large enough to qualify as a dwarf planet, the same category as the much more well-known Pluto. The new object is one of the most distant visible objects in our solar system and, significantly, suggests that the empty section of space thought to exist beyond Neptune in the Kuiper Belt is not, in fact, empty at all.

Cheng made the discovery alongside colleagues Jiaxuan Li and Eritas Yang from Princeton University, using advanced computational methods to identify the object's distinctive trajectory pattern on the sky. The new object was officially announced by the International Astronomical Union's Minor Planet Center and in an arXiv pre-print.

Trans-Neptunian objects are minor planets that orbit the Sun at a greater average distance than the orbit of Neptune. The new TNO is special for two reasons: its extreme orbit and its large size.

"The object's aphelion -- the farthest point on the orbit from the Sun -- is more than 1600 times that of the Earth's orbit," explains Cheng. "Meanwhile, its perihelion -- the closest point on its orbit to the Sun -- is 44.5 times that of the Earth's orbit, similar to Pluto's orbit."

This extreme orbit, which takes the object approximately 25,000 years to complete, suggests a complex history of gravitational interactions. "It must have experienced close encounters with a giant planet, causing it to be ejected to a wide orbit," says Yang. "There may have been more than one step in its migration. It's possible that this object was first ejected to the Oort cloud, the most distant region in our solar system, which is home to many comets, and then sent back," Cheng adds.

"Many extreme TNOs have orbits that appear to cluster in specific orientations, but 2017 OF201 deviates from this," says Li. This clustering has been interpreted as indirect evidence for the existence of another planet in the solar system, Planet X or Planet Nine, which could be gravitationally shepherding these objects into their observed patterns. The existence of 2017 OF201 as an outlier to such clustering could potentially challenge this hypothesis.




Cheng and his colleagues estimate 2017 OF201's diameter to be 700 km, which would make it the second largest known object in such a wide orbit. The diameter of Pluto, meanwhile, is 2,377 km. Further observations, potentially using radio telescopes, are needed to determine the object's exact size.

Cheng discovered the object as part of an ongoing research project to identify TNOs and possible new planets in the outer solar system. The object was identified by pinpointing bright spots in an astronomical image database from the Victor M. Blanco Telescope and Canada France Hawaii Telescope (CFHT), and trying to connect all possible groups of such spots that appeared to move across the sky in the way a single TNO might. This search was carried out using a computationally efficient algorithm produced by Cheng. Ultimately, they identified 2017 OF201 in 19 different exposures, captured over 7 years.

The discovery has significant implications for our understanding of the outer solar system. The area beyond the Kuiper Belt, where the object is located, has previously been thought to be essentially empty, but the team's discovery suggests that this is not so.

"2017 OF201 spends only 1% of its orbital time close enough to us to be detectable. The presence of this single object suggests that there could be another hundred or so other objects with similar orbit and size; they are just too far away to be detectable now," Cheng states. "Even though advances in telescopes have enabled us to explore distant parts of the universe, there is still a great deal to discover about our own solar system."

The detection also demonstrates the power of open science. "All the data we used to identify and characterize this object are archival data that are available to anyone, not only professional astronomers," says Li. "This means that groundbreaking discoveries aren't limited to those with access to the world's largest telescopes. Any researcher, student, or even citizen scientist with the right tools and knowledge could have made this discovery, highlighting the value of sharing scientific resources."
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Earth's safe zones are vanishing fast | ScienceDaily
A new study maps the planetary boundary of "functional biosphere integrity" in spatial detail and over centuries. It finds that 60 percent of global land areas are now already outside the locally defined safe zone, and 38 percent are even in the high-risk zone. The study was led by the Potsdam Institute for Climate Impact Research (PIK) together with BOKU University in Vienna and published in the renowned journal One Earth.


						
Functional biosphere integrity refers to the plant world's ability to co-regulate the state of the Earth system. This requires that the plant world is able to acquire enough energy through photosynthesis to maintain the material flows of carbon, water and nitrogen that support the ecosystems and their many networked processes, despite today's massive human interference. Together with biodiversity loss and climate change, functional integrity forms the core of the Planetary Boundaries analytical framework for a safe operating space for humanity.

"There is an enormous need for civilization to utilize the biosphere - for food, raw materials and, in future, also for climate protection," says Fabian Stenzel, lead author of the study and member of the PIK research group Terrestrial Safe Operating Space. "After all, human demand for biomass continues to grow - and on top of that, the cultivation of fast-growing grasses or trees for producing bioenergy with carbon capture and storage is considered by many to be an important supporting strategy for stabilizing climate. It is therefore becoming even more important to quantify the strain we're already putting on the biosphere - in a regionally differentiated manner and over time - to identify overloads. Our research is paving the way for this."

Two indicators to measure the strain and the risk

The study builds on the latest update of the Planetary Boundaries framework published in 2023. "The framework now squarely puts energy flows from photosynthesis in the world's vegetation at the center of those processes that co-regulate planetary stability," explains Wolfgang Lucht, head of PIK's Earth System Analysis department and coordinator of the study. "These energy flows drive all of life - but humans are now diverting a sizeable fraction of them to their own purposes, disturbing nature's dynamic processes."

The stress this causes in the Earth system can be measured by the proportion of natural biomass productivity that humanity channels into its own uses - through harvested crops, residues and timber - but also the reduction in photosynthetic activity caused by land cultivation and sealing. The study added to this measure a second powerful indicator of biosphere integrity: An indicator of risk of ecosystem destabilization records complex structural changes in vegetation and in the biosphere's water, carbon and nitrogen balances.

Europe, Asia and North America particularly affected

Based on the global biosphere model LPJmL, which simulates water, carbon and nitrogen flows on a daily basis at a resolution of half a degree of longitude/latitude, the study provides a detailed inventory for each individual year since the 1600, based on changes in climate and human land use. The research team not only computed, mapped and compared the two indicators for functional integrity of the biosphere, but also evaluated them by conducting a mathematical comparison with other measures from the literature for which "critical thresholds" are known. This resulted in each area being assigned a status based on local tolerance limits of ecosystem change: Safe Operating Space, Zone of Increasing Risk or High Risk Zone.




The model calculation shows that worrying developments began as early as 1600 in the mid- latitudes. By 1900, the proportion of global land area where ecosystem changes went beyond the locally defined safe zone, or were even in the high-risk zone, was 37 and 14 percent respectively, compared to the 60 and 38 percent we see today. Industrialization was beginning to take its toll; land use affected the state of the Earth system much earlier than climate warming. At present, this biosphere boundary has been transgressed on almost all land surface - primarily in Europe, Asia and North America - that underwent strong land cover conversion, mainly due to agriculture.

PIK Director Rockstrom: Impetus for international climate policy

"This first world map showing the overshoot of the boundary for functional integrity of the biosphere, depicting both human appropriation of biomass and ecological disruption, is a breakthrough from a scientific perspective, offering a better overall understanding of planetary boundaries," says Johan Rockstrom, PIK Director and one of the co-authors of the study. "It also provides an important impetus for the further development of international climate policy. This is because it points to the link between biomass and natural carbon sinks, and how they can contribute to mitigating climate change. Governments must treat it as a single overarching issue: comprehensive biosphere protection together with strong climate action."
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Strange new bacteria found in Amazon sand flies. Could it spread to humans? | ScienceDaily

There is currently no evidence in Brazil that this new species of bacteria can cause disease. However, since species of the genus Bartonella are responsible for several diseases in other countries, further studies are needed.

The research was conducted by Marcos Rogerio Andre in partnership with Eunice Aparecida Bianchi Galati. Both researchers are affiliated with Brazilian institutions: the Faculty of Agricultural and Veterinary Sciences of Sao Paulo State University (FCAV-UNESP) in Jaboticabal campus and the School of Public Health of the University of Sao Paulo (FSP-USP). The study was supported by FAPESP through two projects (22/08543-2 and 22/16085-4).

It was published in the scientific journal Acta Tropica and included the participation of researchers Paulo Vitor Cadina Arantes, Israel de Souza Pinto, Daniel Antonio Braga Lee, Anna Claudia Baumel Mongruel, and Rosangela Zacarias Machado.

What is the disease?

Bartonellosis is a term that refers to a group of diseases caused by bacteria of the genus Bartonella. These bacteria are transmitted by various vectors. In addition to sand flies, they can be transmitted by fleas and lice.

Symptoms usually include infections that take a long time to clear up in both humans and animals. These bacteria can remain in the body for a long time without being detected and end up harming patients with preexisting immune problems.




"Bartonellosis is a neglected disease. The disease best known to health professionals is cat scratch disease, caused by Bartonella henselae. It's important to understand the real prevalence of these diseases, especially in isolated regions with low human development indices, where populations don't have easy access to health services," explains Andre.

The objective of the study was to investigate the presence of Bartonella spp. DNA in 297 specimens of female sand flies (Diptera: Psychodidae) collected in the Amazon National Park in the state of Para. "This park has caves and receives many visitors, so it's important to study it," says the researcher.

The phlebotomine sand flies were collected between February 2022 and February 2023. Every month, the researchers collected samples along two trails near the banks of the Urua and Tracoa rivers, which are located within the conservation unit.

"The discovery of Bartonella species in phlebotomine sand flies here in Brazil may indicate that B. bacilliformis and B. ancashensis, which cause Carrion's disease or Peruvian wart, can adapt to non-Andean species and be transmitted in areas outside the Andes. This isn't too much of an extrapolation, as two species that have been identified as vectors of B. bacilliformis, Pintomyia robusta and Pintomyia maranonensis in Peru, are very similar to species found in Brazil, namely Pintomyia serrana and Pintomyia nevesi," explains Galati.

In recent years, the group has been studying the diversity of bacteria found in this genus and the diseases they cause in both humans and animals. According to the scientists, the sequences found in the Amazon differ from those found in Peru; however, the results corroborate data collected in a previous study.

According to Andre, this second article by the research group confirms evidence found in previous studies, such as the discovery of new species of Bartonella in Acre, another Brazilian state in the Amazon region. Therefore, they decided to expand the investigation and analyze samples from Para and other locations.




"We're detecting a strain here in Brazil that's never been described and is very similar to two species of the Bartonella genus that cause disease in Andean countries. Despite this similarity, we don't yet have information on whether it can cause disease with distinct symptoms. That's why we need to study them further," the professor points out.

To continue mapping the insects and the bacteria with which they may be infected, the researchers are collecting samples in various biomes.

"The next steps are to continue investigations involving more populations of phlebotomine sand flies and other diptera from different biomes in search of these strains, as well as to look for other strains," says Galati.

According to the researcher, the next step would be to investigate what animals these insects feed on to find "reservoirs."

"I have a project funded by FAPESP in which I was able to store many specimens of phlebotomine sand flies from the Atlantic Forest of Sao Paulo, and the idea is to explore this material in partnership with Professor Andre," reveals Galati.

Although the results are preliminary, the project has helped the researchers uncover the possibility of finding disease agents that had not yet been detected.

According to Andre, since this is a new finding, it would be beneficial for doctors and researchers to collaborate on investigating this group of bacteria in individuals with fever of unknown origin.

"Could people with fever who are often sent home and who have repeated episodes of fever be infected with this pathogen? Could patients with Leishmania also be co-infected with this new species of Bartonella?" asks the professor.
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MIT scientists uncover shocking origin of the moon's magnetic scars | ScienceDaily
Where did the moon's magnetism go? Scientists have puzzled over this question for decades, ever since orbiting spacecraft picked up signs of a high magnetic field in lunar surface rocks. The moon itself has no inherent magnetism today.


						
Now, MIT scientists may have solved the mystery. They propose that a combination of an ancient, weak magnetic field and a large, plasma-generating impact may have temporarily created a strong magnetic field, concentrated on the far side of the moon.

In a study appearing in the journal Science Advances, the researchers show through detailed simulations that an impact, such as from a large asteroid, could have generated a cloud of ionized particles that briefly enveloped the moon. This plasma would have streamed around the moon and concentrated at the opposite location from the initial impact. There, the plasma would have interacted with and momentarily amplified the moon's weak magnetic field. Any rocks in the region could have recorded signs of the heightened magnetism before the field quickly died away.

This combination of events could explain the presence of highly magnetic rocks detected in a region near the south pole, on the moon's far side. As it happens, one of the largest impact basins -- the Imbrium basin -- is located in the exact opposite spot on the near side of the moon. The researchers suspect that whatever made that impact likely released the cloud of plasma that kicked off the scenario in their simulations.

"There are large parts of lunar magnetism that are still unexplained," says lead author Isaac Narrett, a graduate student in the MIT Department of Earth, Atmospheric and Planetary Sciences (EAPS). "But the majority of the strong magnetic fields that are measured by orbiting spacecraft can be explained by this process -- especially on the far side of the moon."

Narrett's co-authors include Rona Oran and Benjamin Weiss at MIT, along with Katarina Miljkovic at Curtin University, Yuxi Chen and Gabor Toth at the University of Michigan at Ann Arbor, and Elias Mansbach PhD '24 at Cambridge University. Nuno Loureiro, professor of nuclear science and engineering at MIT, also contributed insights and advice.

Beyond the sun

Scientists have known for decades that the moon holds remnants of a strong magnetic field. Samples from the surface of the moon, returned by astronauts on NASA's Apollo missions of the 1960s and 70s, as well as global measurements of the moon taken remotely by orbiting spacecraft, show signs of remnant magnetism in surface rocks, especially on the far side of the moon.




The typical explanation for surface magnetism is a global magnetic field, generated by an internal "dynamo," or a core of molten, churning material. The Earth today generates a magnetic field through a dynamo process, and it's thought that the moon once may have done the same, though its much smaller core would have produced a much weaker magnetic field that may not explain the highly magnetized rocks observed, particularly on the moon's far side.

An alternative hypothesis that scientists have tested from time to time involves a giant impact that generated plasma, which in turn amplified any weak magnetic field. In 2020, Oran and Weiss tested this hypothesis with simulations of a giant impact on the moon, in combination with the solar-generated magnetic field, which is weak as it stretches out to the Earth and moon.

In simulations, they tested whether an impact to the moon could amplify such a solar field, enough to explain the highly magnetic measurements of surface rocks. It turned out that it wasn't, and their results seemed to rule out plasma-induced impacts as playing a role in the moon's missing magnetism.

A spike and a jitter

But in their new study, the researchers took a different tack. Instead of accounting for the sun's magnetic field, they assumed that the moon once hosted a dynamo that produced a magnetic field of its own, albeit a weak one. Given the size of its core, they estimated that such a field would have been about 1 microtesla, or 50 times weaker than the Earth's field today.

From this starting point, the researchers simulated a large impact to the moon's surface, similar to what would have created the Imbrium basin, on the moon's near side. Using impact simulations from Katarina Miljkovic, the team then simulated the cloud of plasma that such an impact would have generated as the force of the impact vaporized the surface material. They adapted a second code, developed by collaborators at the University of Michigan, to simulate how the resulting plasma would flow and interact with the moon's weak magnetic field.




These simulations showed that as a plasma cloud arose from the impact, some of it would have expanded into space, while the rest would stream around the moon and concentrate on the opposite side. There, the plasma would have compressed and briefly amplified the moon's weak magnetic field. This entire process, from the moment the magnetic field was amplified to the time that it decays back to baseline, would have been incredibly fast -- somewhere around 40 minutes, Narrett says.

Would this brief window have been enough for surrounding rocks to record the momentary magnetic spike? The researchers say, yes, with some help from another, impact-related effect.

They found that an Imbrium-scale impact would have sent a pressure wave through the moon, similar to a seismic shock. These waves would have converged to the other side, where the shock would have "jittered" the surrounding rocks, briefly unsettling the rocks' electrons -- the subatomic particles that naturally orient their spins to any external magnetic field. The researchers suspect the rocks were shocked just as the impact's plasma amplified the moon's magnetic field. As the rocks' electrons settled back, they assumed a new orientation, in line with the momentary high magnetic field.

"It's as if you throw a 52-card deck in the air, in a magnetic field, and each card has a compass needle," Weiss says. "When the cards settle back to the ground, they do so in a new orientation. That's essentially the magnetization process."

The researchers say this combination of a dynamo plus a large impact, coupled with the impact's shockwave, is enough to explain the moon's highly magnetized surface rocks -- particularly on the far side. One way to know for sure is to directly sample the rocks for signs of shock, and high magnetism. This could be a possibility, as the rocks lie on the far side, near the lunar south pole, where missions such as NASA's Artemis program plan to explore.

"For several decades, there's been sort of a conundrum over the moon's magnetism -- is it from impacts or is it from a dynamo?" Oran says. "And here we're saying, it's a little bit of both. And it's a testable hypothesis, which is nice."

The team's simulations were carried out using the MIT SuperCloud. This research was supported, in part, by NASA.
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A common supplement could reverse the hidden harm of sucralose | ScienceDaily
Sucralose is a popular sugar substitute for people who are cutting calories or managing blood sugar levels, but new research by the University of Pittsburgh and UPMC Hillman Cancer Center suggests that the artificial sweetener may not be the best choice for patients undergoing cancer immunotherapy.


						
Publishing recently in Cancer Discovery, a publication of the American Association for Cancer Research, the study found that patients with melanoma and non-small cell lung cancer who consumed high levels of sucralose had worse response to immunotherapy and poorer survival than those with diets low in the artificial sweetener.

Strikingly, supplements that boosted levels of the amino acid arginine mitigated the negative effects of sucralose on immunotherapy in mice, an approach that could now be tested in clinical trials.

"It's easy to say, 'Stop drinking diet soda,' but when patients are being treated for cancer, they are already dealing with enough, so asking them to drastically alter their diet may not be realistic," said lead author Abby Overacre, Ph.D., assistant professor in the Department of Immunology at Pitt and UPMC Hillman. "We need to meet patients where they are. That's why it's so exciting that arginine supplementation could be a simple approach to counteract the negative effects of sucralose on immunotherapy."

Senior author Diwakar Davar, M.D., associate professor of medicine at Pitt and a medical oncologist and hematologist at UPMC Hillman, collaborating with Overacre and their team, used mouse models to show that the negative impacts of sucralose are driven by disruption to gut bacteria.

Sucralose shifted the composition of the mouse gut microbiome, increasing bacterial species that degrade arginine, which reduced levels of this amino acid in the blood, tumor fluid and stool.

Immune checkpoint inhibitor immunotherapies such as anti-PD1 work by ramping up T cell activity so that they can more effectively kill cancer cells. Arginine is essential for T cell function, especially in cancer.




"When arginine levels were depleted due to sucralose-driven shifts in the microbiome, T cells couldn't function properly," said Overacre. "As a result, immunotherapy wasn't as effective in mice that were fed sucralose."

In mouse models of adenocarcinoma and melanoma, adding sucralose to the diet inhibited anti-PD1 therapy, leading to larger tumors and poorer survival. But when the researchers gave sucralose-fed mice arginine or citrulline, which is metabolized into arginine in the body, the effectiveness of immunotherapy was restored.

To assess the relevance of these findings for humans, the researchers looked at 132 patients with advanced melanoma or non-small cell lung cancer who received anti-PD1 therapy alone or in combination with chemotherapy. Patients filled out detailed diet history questionnaires that included questions about how often they consumed artificial sweeteners in coffee, tea and diet soda.

"We found that sucralose impeded the effectiveness of immunotherapies across a range of cancer types, stages and treatment modalities," said Davar. "These observations raise the possibility of designing prebiotics, such as targeted nutrient supplementation for patients who consume high levels of sucralose."

The researchers hope to launch a clinical trial investigating whether citrulline supplements -- which boost arginine levels more than arginine itself -- affect the gut microbiome and anti-tumor immune response in patients.

They are also interested in looking at how other sugar substitutes, such as aspartame, saccharin, xylitol and stevia, impact the immune system and response to immunotherapy.

Other authors on the study were Kristin Morder, M.S., Madison Nguyen, Drew Wilfahrt, Ph.D., Zakaria Dahmani, Ansen Burr, M.D., Ph.D., Bingxian Xie, Ph.D., Michael Morikone, Ph.D., Hector Nieves-Rosado, M.D., Ph.D., William Gunn, M.S., Drew Hurd, Hong Wang, Ph.D., Steven Mullett, Kaitlin Bossong, Stacy Gelhaus, Ph.D., Dhivyaa Rajasundaram, Ph.D., Lawrence Kane, Ph.D., and Greg Delgoffe, Ph.D., and Jishnu Das, Ph.D., all of Pitt or UPMC.

This research was supported by the National Institutes of Health (DP2AI177967, S10OD023402, S10OD032141, R01CA206517, R01AI138504, T32GM008208, U01 CA271407, R01 CA257265, U01 CA268806 and P50 CA254865), the Damon Runyon Cancer Research Foundation and Gateway for Cancer Research (G-22-800).
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Satellites confirm 1990s sea-level predictions were shockingly accurate | ScienceDaily
Global sea-level change has now been measured by satellites for more than 30 years, and a comparison with climate projections from the mid-1990s shows that they were remarkably accurate, according to two Tulane University researchers whose findings were published in Earth's Future, an open-access journal published by the American Geophysical Union.


						
"The ultimate test of climate projections is to compare them with what has played out since they were made, but this requires patience - it takes decades of observations," said lead author Torbjorn Tornqvist, Vokes Geology Professor in the Department of Earth and Environmental Sciences.

"We were quite amazed how good those early projections were, especially when you think about how crude the models were back then, compared to what is available now," Tornqvist said. "For anyone who questions the role of humans in changing our climate, here is some of the best proof that we have understood for decades what is really happening, and that we can make credible projections."

Co-author Sonke Dangendorf, David and Jane Flowerree Associate Professor in the Department of River-Coastal Science and Engineering, said that while it is encouraging to see the quality of early projections, today's challenge is to translate global information into projections tailored to the specific needs of stakeholders in places like south Louisiana.

"Sea level doesn't rise uniformly - it varies widely. Our recent study of this regional variability and the processes behind it relies heavily on data from NASA's satellite missions and NOAA's ocean monitoring programs," he said. "Continuing these efforts is more important than ever, and essential for informed decision-making to benefit the people living along the coast."

A new era of monitoring global sea-level change took off when satellites were launched in the early 1990s to measure the height of the ocean surface. This showed that the rate of global sea-level rise since that time has averaged about one eighth of an inch per year. Only more recently, it became possible to detect that the rate of global sea-level rise is accelerating.

When NASA researchers demonstrated in October 2024 that the rate has doubled during this 30-year period, the time was right to compare this finding with projections that were made during the mid-1990s, independent of the satellite measurements.




In 1996, the Intergovernmental Panel on Climate Change published an assessment report soon after the satellite-based sea-level measurements had started. It projected that the most likely amount of global sea-level rise over the next 30 years would be almost 8 cm (three inches), remarkably close to the 9 cm that has occurred. But it also underestimated the role of melting ice sheets by more than 2 cm (about one inch).

At the time, little was known about the role of warming ocean waters and how that could destabilize marine sectors of the Antarctic Ice Sheet from below. Ice flow from the Greenland Ice Sheet into the ocean has also been faster than foreseen.

The past difficulties of predicting the behavior of ice sheets also contain a message for the future. Current projections of future sea-level rise consider the possibility, albeit uncertain and of low likelihood, of catastrophic ice-sheet collapse before the end of this century. Low-lying coastal regions in the United States would be particularly affected if such a collapse occurs in Antarctica.

The paper was co-authored by colleagues from the University of Oslo and NASA's Jet Propulsion Laboratory at Caltech.
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The fat you can't see may be damaging your heart, even if you exercise | ScienceDaily


						
[image: Hidden Belly Fat Ages the Heart Faster]
 Two MRI scans, showing the person on left with more visceral fat (in red) and subcutaeous fat (in blue). Credit: AMRA Medical

 





						Excessive amounts of visceral fat -- the hidden fat surrounding organs -- is linked with faster aging of the heart, a new study has found.

Aging is the biggest risk factor for heart disease, but why some people age faster than others isn't fully understood. The scientists leading the research say that visceral body fat could play an important role in accelerating aging of the heart and blood vessels. This type of fat is known to be harmful to health and this study now links it to faster heart aging.

The study, led by scientists from the Medical Research Council (MRC) Laboratory of Medical Sciences, in London, UK, also found differences between men and women, and discovered that fat around the hips and thighs could potentially slow heart aging in women.

In the study, published in the European Heart Journal, the scientists analyzed data from 21,241 participants in UK Biobank, which includes whole body imaging to map the amount of fat and where it is located in the body.

The UK Biobank data also includes detailed imaging of the heart and blood vessels. Artificial intelligence was used to analyse these images to capture signs of organ aging -- such as tissues becoming stiff and inflamed. An individual was given a "heart age" which can be compared to their actual age at the time of the scan.

The researchers found that faster heart aging was linked to having more visceral adipose tissue. Visceral adipose tissue is fat found deep inside the abdomen around organs such as the stomach, intestines, and liver. This type of fat cannot be seen from the outside, and some people can have large amounts of visceral fat despite having a healthy weight.

The researchers found signs on blood tests that visceral fat is linked to increased inflammation in the body - which is a potential cause of premature aging.

They also found differences between the sexes. Male-type fat distribution (fat around the belly, often called 'apple' shaped) was particularly predictive of early aging in men.

In contrast, a genetic predisposition to female-type fat (fat on the hips and thighs, often called "pear" shaped) was protective against heart aging in women.

The researchers also found a link between higher oestrogen levels in premenopausal women and a slowing of heart aging, which they suggest could indicate a role for hormones in protecting against heart aging.

Professor Declan O'Regan, who led the research at the MRC Laboratory of Medical Sciences and Imperial College London, and is the British Heart Foundation Professor of Cardiovascular AI, said: "We have known about the apple and pear distinction in body fat, but it hasn't been clear howit leads to poor health outcomes. Our research shows that "bad" fat, hidden deep around the organs, accelerates aging of the heart. But some types of fat could protect against aging- specifically fat around the hips and thighs in women."

"We also showed that BMI wasn't a good way of predicting heart age which underscores the importance of knowing where fat is stored in the body and not just total body weight."

"The goal of our research is to find ways to increase healthy lifespan. While being active is important, we found that hidden fat could still be harmful even in fit people. In the future we plan to investigate how drug therapies, such as GLP-1 inhibitors (e.g. Ozempic) could improve not just diabetes and obesity, but target the aging effects of hidden visceral fat."

This study was funded by the Medical Research Council, British Heart Foundation, and the National Institute for Health and Care Research Imperial College Biomedical Research Centre.

Professor Bryan Williams OBE, chief scientific and medical officer at the British Heart Foundation said: "We already know excess visceral fat around the heart and liver can lead to increased blood pressure and high cholesterol, so it is concerning that it could also help to speed up aging of the heart and blood vessels.

"As the pattern of fat distribution typically seen in women's bodies is linked to oestrogen, that hormone may be key to future therapies developed to tackle heart aging.

"Eating a healthier diet and becoming more active can help to reduce visceral fat levels."
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Experts warn: Smartphones before 13 could harm mental health for life | ScienceDaily
Owning a smartphone before age 13 is associated with poorer mind health and wellbeing in early adulthood, according to a global study of more than 100,000 young people.


						
Published recently in the peer-reviewed Journal of Human Development and Capabilities, the study found that 18- to 24-year-olds who had received their first smartphone at age 12 or younger were more likely to report suicidal thoughts, aggression, detachment from reality, poorer emotional regulation, and low self-worth.

The data also shows evidence that these effects of smartphone ownership at an early age are in large part associated with early social media access and higher risks of cyberbullying, disrupted sleep, and poor family relationships by adulthood.

A team of experts from Sapien Labs, which hosts the world's largest database on mental wellbeing, the Global Mind Project -- where the data for this research was pooled from -- are calling for urgent action to protect the mind health of future generations.

"Our data indicate that early smartphone ownership -- and the social media access it often brings -- is linked with a profound shift in mind health and wellbeing in early adulthood," says lead author neuroscientist Dr Tara Thiagarajan, who is the founder and Chief Scientist of Sapien Labs.

"These correlations are mediated through several factors, including social media access, cyberbullying, disrupted sleep, and poor family relationships leading to symptoms in adulthood that are not the traditional mental health symptoms of depression and anxiety and can be missed by studies using standard screeners. These symptoms of increased aggression, detachment from reality and suicidal thoughts can have significant societal consequences as their rates grow in younger generations.

"Based on these findings, and with the age of first smartphones now well under age 13 across the world, we urge policymakers to adopt a precautionary approach, similar to regulations on alcohol and tobacco, by restricting smartphone access for under 13s, mandating digital literacy education and enforcing corporate accountability."

Since the early 2000s, smartphones have reshaped how young people connect, learn and form identities. But alongside these opportunities come growing concerns over how AI-driven social media algorithms may amplify harmful content and encourage social comparison -- while also impacting on other activities such as face-to-face interaction and sleep.




Although many social media platforms set a minimum user age of 13, enforcement is inconsistent. Meanwhile, the average age of first smartphone ownership continues to fall, with many children spending hours a day on their devices.

Currently, it is a mixed picture internationally around the banning on phones in schools, at least. In recent years, several countries have banned or restricted cell phone use in institutions, including France, the Netherlands, Italy, and New Zealand. Results of these moves are limited, however a study commissioned by the Dutch government has found improved focus among students. This month, policymakers in New York have announced it was to become the largest US state yet to ban smartphones in schools, joining locations such as Alabama, Arkansas, Nebraska, North Dakota, Oklahoma and West Virginia which have all passed legislation requiring schools to have policies that at least limit access to smartphones.

Overall, previous studies into screen time, social media and smartphone access and various mental health outcomes have shown negative effects, but also mixed, often conflicting results -- making it hard for policymakers, schools, and families to navigate this issue. Possibly this may have to do with the use of screeners that miss the critical associated symptoms.

For this new analysis, the team at Sapien drew data from their Global Mind Project, and then used the Mind Health Quotient (MHQ) -- a self-assessment tool that measures social, emotional, cognitive, and physical wellbeing -- to generate an overall 'mind health' score.

Their results showed:

* The specific symptoms most strongly linked with earlier smartphone ownership include suicidal thoughts, aggression, detachment from reality, and hallucinations.




* Young adults who received their first smartphone before age 13 had lower MHQ scores, with scores progressively declining the younger the age of first ownership. For example, those who owned a smartphone at age 13 scored an average of 30, dropping to just 1 for those who had one at age five.

* Correspondingly, the percentage considered distressed or struggling (with scores indicating they had five or more severe symptoms) rose by 9.5% for females and 7% for males. This pattern was consistent across all regions, cultures and languages, pointing to a critical window of heightened vulnerability.

* That younger ownership is also associated with diminished self-image, self-worth and confidence, and emotional resilience among females, and lower stability and calmness, self-worth and empathy among males.

Further analysis indicated that early access to social media explains about 40% of the association between earlier childhood smartphone ownership and later mind health, with poor family relationships (13%), cyberbullying (10%) and disrupted sleep (12%) also playing significant downstream roles.

The researchers acknowledge the COVID-19 pandemic may have magnified these patterns, but the consistency of these trends across all global regions suggests a broader developmental impact of early smartphone access.

While current evidence does not yet prove direct causation between early smartphone ownership and later mind health and wellbeing, a limitation of the paper, the authors argue that the scale of the potential harm is too great to ignore and justifies a precautionary response.

They recommend four key areas for policymakers to address:

* A requirement of mandatory education on digital literacy and mental health.

* To strengthen the active identification of social media age violations and ensure meaningful consequences for technology companies.

* Restricting access to social media platforms.

* Implementing graduated access restrictions for smartphones.

"Altogether, these policy recommendations aim to safeguard mind health during critical developmental windows," states Dr Thiagarajan, whose research specialism focuses on the impact of environment on the brain and mind, with an interest in understanding and enabling the productive evolution of the human mind and human systems.

"Their implementation requires substantial political and societal will, effective enforcement, and a multi-stakeholder approach, but successful precedents do exist. For example, in the United States, underage alcohol access and consumption is regulated through a combination of parental, commercial, and corporate accountability."

Concluding she states: "Our evidence suggests childhood smartphone ownership, an early gateway into AI-powered digital environments, is profoundly diminishing mind health and wellbeing in adulthood with deep consequences for individual agency and societal flourishing.

"I was initially surprised by how strong the results are. However when you give it due consideration, it does begin to make sense that the younger developing mind is more compromised by the online environment given their vulnerability and lack of worldly experience.

"That said, I think it is also important to point out that smartphones and social media are not the only assault to mental health and crisis facing younger adults. It explains some of the overall decline but not all of it. "Now, while more research is needed to unravel the causal mechanisms, waiting for irrefutable proof in the face of these population-level findings unfortunately risks missing the window for timely, preventative action."

This paper is part of a special cohesive set, entitled 'The Policy Forum', in the upcoming publication of Journal of Human Development and Capabilities.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/09/250906013448.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Baby pterosaurs died in ancient storms-and their fossils reveal the truth | ScienceDaily
The cause of death for two baby pterosaurs has been revealed by University of Leicester paleontologists in a post-mortem 150 million years in the making.


						
Detailed in a new study in the journal Current Biology, their findings show how these flying reptiles were tragically struck down by powerful storms that also created the ideal conditions to preserve them and hundreds more fossils like them.

The Mesozoic, or age of reptiles, is often imagined as a time of giants. Towering dinosaurs, monstrous marine reptiles, and vast-winged pterosaurs dominate museum halls and the public consciousness. But this familiar picture is skewed. Just as today's ecosystems are mostly populated by small animals, so too were ancient ones. The difference? Fossilization tends to favor the largest and the most robust organisms. Small, fragile creatures rarely make it into the paleontological record.

On rare occasions, however, nature conspires to preserve the delicate and the diminutive inhabitants of these lost worlds. One of the most famous examples is the 150-million-year-old Solnhofen Limestones of southern Germany. These lagoonal deposits are renowned for their exquisitely preserved fossils, including many specimens of pterosaurs, the flying reptiles of the Mesozoic.

Yet here lies a mystery: while Solnhofen has yielded hundreds of pterosaur fossils, nearly all are very small, very young individuals, perfectly preserved. By contrast, larger, adult pterosaurs are rarely found, and when they are, they're represented only by fragments (often isolated skulls or limbs). This pattern runs counter to expectations: larger, more robust animals should stand a better chance of fossilization than delicate juveniles.

Lead author of the study Rab Smyth, from the University of Leicester's Centre for Palaeobiology and Biosphere Evolution, was funded by the Natural Environment Research Council through the CENTA Doctoral Training Partnership

Rab said: "Pterosaurs had incredibly lightweight skeletons. Hollow, thin-walled bones are ideal for flight but terrible for fossilization. The odds of preserving one are already slim and finding a fossil that tells you how the animal died is even rarer."

The discovery of two baby pterosaurs with broken wings has helped to solve this mystery. These tiny fossils, though easily overlooked, are powerful evidence of ancient tropical storms and how they shaped the fossil record.




Ironically nicknamed Lucky and Lucky II by the researchers, the two individuals belong to Pterodactylus, the first pterosaur ever scientifically named. With wingspans of less than 20 cm (8 inches) these hatchlings are among the smallest of all known pterosaurs. Their skeletons are complete, articulated and virtually unchanged from when they died. Except for one detail. Both show the same unusual injury: a clean, slanted fracture to the humerus. Lucky's left wing and Lucky II's right wing were both broken in a way that suggests a powerful twisting force, likely the result of powerful gusts of wind rather than a collision with a hard surface.

Catastrophically injured, the pterosaurs plunged into the surface of the lagoon, drowning in the storm driven waves and quickly sinking to the seabed where they were rapidly buried by very fine limy muds stirred up by the death storms. This rapid burial allowed for the remarkable preservation seen in their fossils.

Like Lucky I and II, which were only a few days or weeks old when they died, there are many other small, very young pterosaurs in the Solnhofen Limestones, preserved in the same way as the Luckies, but without obvious evidence of skeletal trauma. Unable to resist the strength of storms these young pterosaurs were also flung into the lagoon. This discovery explains why smaller fossils are so well preserved - they were a direct result of storms - a common cause of death for pterosaurs that lived in the region.

Larger, stronger individuals, it seems, were able to weather the storms and rarely followed the Luckies stormy road to death. They did eventually die though but likely floated for days or weeks on the now calm surfaces of the Solnhofen lagoon, occasionally dropping parts of their carcasses into the abyss as they slowly decomposed.

"For centuries, scientists believed that the Solnhofen lagoon ecosystems were dominated by small pterosaurs," said Smyth. "But we now know this view is deeply biased. Many of these pterosaurs weren't native to the lagoon at all. Most are inexperienced juveniles that were likely living on nearby islands that were unfortunately caught up in powerful storms."

Co-author Dr David Unwin from the University of Leicester added: "When Rab spotted Lucky we were very excited but realized that it was a one-off. Was it representative in any way? A year later, when Rab noticed Lucky II we knew that it was no longer a freak find but evidence of how these animals were dying. Later still, when we had a chance to light-up Lucky II with our UV torches, it literally leapt out of the rock at us -- and our hearts stopped. Neither of us will ever forget that moment."

This research was supported by the Central England NERC Training Alliance (CENTA), under grant number NE/S007350/1.
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Scientists made plastic that eats carbon | ScienceDaily

As CO2 concentrations in the atmosphere keep rising regardless of years of political intentions to limit emissions, the world's oceans are drowning in plastics, which threatens marine environments and ecosystems.

The key global problems are often interconnected, and typically, the solution to one problem creates another one while the clock keeps ticking. But what if we could solve several problems at the same time?

It's almost too good to be true, but a new cutting-edge invention promises to do just that. Researchers at the University of Copenhagen have developed a method where one man's trash really does become another man's "treasure," when decomposed PET plastic becomes the main ingredient in efficient and sustainable CO2 capture.

We know the material from plastic bottles, textiles, and many other uses: PET plastic is one of the most widely used types of plastic in the world, but when it has served its purpose, it becomes a pressing global environmental issue. This is because it ends up in landfills in many parts of the world, where it breaks down into polluting microplastics that spread to the air, soil and groundwater. A large portion also end up in the oceans.

"The beauty of this method is that we solve a problem without creating a new one. By turning waste into a raw material that can actively reduce greenhouse gases, we make an environmental issue part of the solution to the climate crisis," says Margarita Poderyte from the Department of Chemistry at the University of Copenhagen, lead author of the research paper disclosing the invention.

The solution is a potential win-win on a global scale, where plastic waste not only does not end up in nature but also becomes an active player in climate mitigation.




With the new chemical technology, researchers can transform PET plastic waste that is overlooked by recyclers into a primary resource in a new form of CO2 sorbent they have developed. The process 'upcycles' it to a new material the researchers have named BAETA, which can absorb CO2 out of the atmosphere so efficiently that it easily compares with existing carbon capture technologies.

Sustainable, flexible and scalable

The BAETA material has a powdery structure that can be pelletized, and a chemically 'upgraded' surface, which enables it to very effectively bind and chemically capture CO2. Once saturated, CO2 can be released through a heating process allowing the CO2 to be concentrated, collected and stored or converted into a sustainable resource. In practice, the researchers expect the technology to be first installed on industrial plants with exhausts from chimneys passing through BAETA units to cleanse them of CO2.

The research paper is now published in Sciences Advances and describes the chemical process behind the invention. The process is gentle compared to existing technologies and, at the same time, well-suited for industrial scaling.

"The main ingredient is plastic waste that would otherwise have an unsustainable afterlife, and the synthesis we use, where the chemical transformation takes place, is gentler than other materials for CO2 capture because we can make the synthesis in ambient temperatures. It also has the advantage that the technology can be scaled up more easily," Margarita Poderyte says.

She is seconded by co-author and Associate Professor at the Department of Chemistry, Jiwoong Lee, who highlights the material's flexibility also.




"One of the impressive things about this material is that it stays effective for a long time. And flexible. It works efficiently from normal room temperature up to about 150 degrees Celsius, making it very useful. With this kind of tolerance to high temperatures, the material can be used at the end of industrial plants where the exhausts are typically hot," Jiwoong Lee says.

From laboratory to innovation at the end of the chimney

With a potentially revolutionary idea, a proven method and an effective finished product, the researchers are now ready for the next step.

"We see great potential for this material, not just in the lab, but in real-life industrial carbon capture plants. The next big step is scaling up to produce the material in tonnes, and we're already working to attract investments and make our invention a financially sustainable business venture," Margaryte Poderyte says.

The technical challenges do not worry the researchers. Instead, the decisive challenge, they say, is to persuade decision-makers to make the necessary investments. If they succeed in that, the invention could ultimately lead to significant changes.

A sea of cheap plastic

Large amounts of PET plastic accumulate in our oceans, damaging ecosystems and breaking down into microplastics, the consequences of which are yet unknown. That sort of plastic is very well suited for the technology.

"If we can get our hands on the highly decomposed PET plastic floating in the world's oceans, it will be a valuable resource for us as it's so well suited for upcycling with our method," Margarita Poderyte says.

The researchers hope that their invention can help to fundamentally change the way we see climate and environmental issues as separate problems.

"We're not talking about stand-alone issues, nor will the solutions be. Our material can create a very concrete economic incentive to cleanse the oceans of plastic," Jiwoong Lee says.

* Facts: How CO2 capture works

Measured in weight, PET plastic constitutes over 60 percent of carbon, and the material has an inherent chemical and physical ability to maintain the structure.

This ability is enhanced by transforming the plastic by adding a quantity of ethylenediamine, a compound known for its ability to bind CO2.

The process breaks down the plastic from polymer to a monomer, giving the material a chemical composition that is very effective in pulling CO2 out of the air and binding it.

The material is called BAETA.

In industrial plants, the idea is to transmit the exhaust through BETA units, which will cleanse it of CO2. When the BAETA material is saturated, its efficiency decreases; however, CO2 can be released from the plastic through a heating process, restoring its efficiency.

The carbon released can then be stored underground or used in Power2X plants via CO2 utilization.

More info: No conflict with recycling

During the development process, the researchers encountered concerns that their technology could undermine efforts to recycle plastic, which has been heavily invested in. Fortunately, that is not the case, they say.

"In principle, we could use new plastic for our method, but our target is PET plastic that is difficult to recycle because of low quality, coloration or mixed sources - or that has decomposed to such a degree that it's no longer suitable for recycling. So, this will be a collaboration rather than competition with the efforts to recycle plastic," Margarita Poderyte says.

About the study:

This project is supported by the Novo Nordisk Foundation CO2 Research Center in collaboration with the group of Niels Christian Nielsen, Aarhus University.

The following researchers have contributed to the research article:
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Tiny gold quantum needles with astonishing powers discovered | ScienceDaily
Researchers Shinjiro Takano, Yuya Hamasaki, and Tatsuya Tsukuda of the University of Tokyo have successfully visualized the geometric structure of growing gold nanoclusters in their earliest stages. During this process, they also successfully "grew" a novel structure of elongated nanoclusters, which they named "gold quantum needles." Thanks to their responsiveness to light in the near-infrared range, these "needles" could enable much higher-resolution biomedical imaging and more efficient light-energy conversion. The findings were published in the Journal of the American Chemical Society.


						
Although gold might conjure up images of pomp and luxury, it is also an essential element of modern nanotechnology due to its unique structures and properties at the nanoscale. Gold nanoclusters composed of fewer than 100 atoms are typically synthesized by reducing, that is, adding electrons, gold precursor ions in the presence of protective ligands. However, synthesizing gold nanoclusters of the desired size, shape, and composition is still a challenge.

"Over the past years," says Tsukuda, the principal investigator, "much effort has been devoted to understanding the correlation between the structure and physicochemical properties of the nanoclusters. However, the formation process is regarded as a black box. We initiated this project with the belief that understanding the initial stages of cluster formation will lead to the development of new, targeted synthesis methods for desired structures."

The researchers thus set out to determine the geometric structures of gold nanoclusters at the initial stages of their formation. They used slightly unusual synthesis conditions to trap the nanoclusters in the very first stages of growth. Single-crystal X-ray diffraction analysis, an X-ray for chemical compounds, if you will, revealed that gold nanoclusters grew anisotropically, at a different rate in different directions. Moreover, the analysis revealed an entirely new structure: pencil-shaped nanoclusters composed of triangular trimers and tetrahedral tetramers. The researchers named them "gold quantum needles" because the electrons confined in these nanoclusters demonstrated quantized behavior, a quantum phenomenon in which electrons can take only specific potential energies.

"We could retroactively explain the formation processes of a series of small gold nanoclusters under our unusual synthetic conditions," Tsukuda explains. "However, the formation of needles with a base of a triangle of three gold atoms instead of a nearly spherical cluster is a serendipitous finding that was far beyond our imagination."

The structural snapshots the researchers acquired of the stepwise growth of gold nanoclusters greatly contribute to our understanding of the formation mechanism. However, Tsukuda is already thinking about the next steps.

"We would like to explore synthesizing other, unique nanoclusters by refining the synthesis conditions further. We would also like to collaborate with other experts to promote the application of gold quantum needles, leveraging their exceptional optical properties."
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Ghost sharks grow teeth on their heads to mate | ScienceDaily
Male "ghost sharks" -- eerie deep-sea fish known as chimaeras that are related to sharks and rays -- have a strange rod jutting from their foreheads, studded with sharp, retractable teeth. New research reveals these are not merely lookalikes, but real rows of teeth that grow outside the mouth.


						
What's more, the toothy appendage is likely used for mating. Found only in males, the forehead rod -- called a tenaculum -- is the ghost sharks' only source of distinct teeth, and it seems to be used to grasp females in much the same way sharks use their toothy mouths in mating.

"If these strange chimaeras are sticking teeth on the front of their head, it makes you think about the dynamism of tooth development more generally," said Gareth Fraser, Ph.D., a professor of biology at the University of Florida and senior author of the study. "If chimaeras can make a set of teeth outside the mouth, where else might we find teeth?"

The team, including scientists from the University of Washington and the University of Chicago, studied both fossils and living specimens to solve the mystery. A 315-million-year-old fossil showed the tenaculum attached to the upper jaw, bearing teeth incredibly similar to those in the mouth. Modern chimaeras collected from Puget Sound revealed the same tooth-growing process on the head, seen in modern-day shark jaws. And genetic testing confirmed they expressed the same tooth-specific genes as oral teeth.

"What we found is that the teeth on this strange appendage look very much like rows of shark teeth. The ability to make teeth transferred onto that appendage, likely from the mouth," Fraser said. "Over time, the tenaculum shortened but retained the ability to make oral teeth on this forehead appendage."

Fraser collaborated with Washington's Karly Cohen, Ph.D., and Michael Coates, Ph.D., from Chicago on the study, which was published this week in the Proceedings of the National Academy of Sciences.

As experts in shark evolution and anatomy, the scientists were intrigued by these tooth-filled rods sprouting from the ghost shark foreheads. The central mystery: Is the tenaculum covered in true teeth related to oral teeth or more similar to the tooth-like scales plastering the skin of sharks and some ghost sharks?




CT scans of the fossils and modern chimaeras gave the scientists unprecedented, detailed insights into the development of the tenaculum teeth, which looked remarkably similar to the teeth of today's sharks. The nail in the coffin came from genetic evidence. The tenaculum teeth express genes found only in true teeth, never in shark skin denticles.

"What I think is very neat about this project is that it provides a beautiful example of evolutionary tinkering or 'bricolage,'" said Coates, a professor of biology at the University of Chicago. "We have a combination of experimental data with paleontological evidence to show how these fishes co-opted a preexisting program for manufacturing teeth to make a new device that is essential for reproduction."

Cohen, a postdoctoral researcher at the University of Washington's Friday Harbor Labs and first author of the paper, said scientists had never spotted teeth outside the mouth in this way before.

"The tenaculum is a developmental relic, not a bizarre one-off, and the first clear example of a toothed structure outside the jaw," she said.

The bizarre path from a mouth full of teeth to forehead teeth used for mating demonstrates the impressive flexibility of evolution, the researchers say, always ready to repurpose structures for strange and unexpected new uses.

"There are still plenty of surprises down in the ocean depths that we have yet to uncover," Fraser said.
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Oceans could reach a dangerous tipping point by 2050 | ScienceDaily
The seas have long sustained human life, but a new UC Santa Barbara study shows that rising climate and human pressures are pushing the oceans toward a dangerous threshold.


						
Vast and powerful, the oceans can seem limitless in their abundance and impervious to disturbances. For millennia, humans have supported their lives, livelihoods and lifestyles with the ocean, relying on its diverse ecosystems for food and material, but also for recreation, business, wellness and tourism.

Yet the future of our oceans is worrying, according to researchers at UCSB's National Center for Ecological Analysis and Synthesis (NCEAS).

"Our cumulative impact on the oceans, which is already substantial, is going to double by 2050 -- in just 25 years," said marine ecologist and NCEAS director Ben Halpern, who led the effort to forecast the future state of marine environments as they bow under the combined pressures of human activities, which include ocean warming, fisheries biomass loss, sea level rise, acidification and nutrient pollution, among other impacts. "It's sobering. And it's unexpected, not because impacts will be increasing -- that is not surprising -- but because they will be increasing so much, so fast."

The research team, which includes collaborators from Nelson Mandela University in South Africa, also finds that the tropics and the poles will experience the fastest changes in impacts, and that coastal areas will feel the brunt of the increased impacts.

Their research, supported in large part by the National Science Foundation, is published in the journal Science.

A comprehensive global model of human impacts

As human activity on the ocean and along the coast has intensified, so have impacts on the marine environment. Halpern and a group of scientists first tackled the challenge of understanding how these pieces fit together to affect the ocean nearly 20 years ago, laying the groundwork for the current study.




"People tracked one issue at a time, but not everything together," Halpern said. "More importantly, there was a pervasive sense that the ocean is so huge the human impacts couldn't possibly be that bad."

Their quest to build a comprehensive model of human impacts on the ocean led to a 2008 paper in the journal Science, a landmark study that synthesized 17 global data sets to map the intensity and extent of human activity on the world's oceans. That initial view revealed startling results: No place was untouched, and 41% of the world's marine environments were heavily impacted.

"The previous paper tells us where we are; the current paper tells us where we are headed," Halpern said.

Ocean warming and biomass loss due to fisheries are expected to be the largest overall contributors to future cumulative impacts. Meanwhile, the tropics face rapidly increasing rates of impact, while the poles, which already experience a high level of impact, are expected to experience even more. According to the paper, the high level of future impacts "may exceed the capacity of ecosystems to cope with environmental change," in turn posing challenges for human societies and institutions in a variety of ways."

The world's coasts are expected to bear the brunt of these increasing cumulative impacts -- an unsurprising reality, the researchers say, given most human uses of the ocean are near coasts. Yet it's also a "worrisome result nonetheless," according to the paper, because the coasts "are where people derive most value from the ocean." Additionally, many countries are dependent on the ocean for food, livelihood and other benefits. "Many of these countries will face substantial increases," Halpern said.

The authors contend that enacting policies to reduce climate change and to strengthen fisheries management could be effective ways to manage and reduce human impacts, given the outsize roles that ocean warming and biomass loss play in the estimate of future human impacts on the ocean. Likewise, prioritizing management of habitats that are expected to be heavily impacted -- such as salt marshes and mangroves -- could help reduce the pressures on them.




In presenting these forecasts and analyses, the researchers hope that effective action can be taken sooner rather than later to minimize or mitigate the effects of increased pressures from human activity.

"Being able to look into the future is a super powerful planning tool," Halpern said. "We can still alter that future; this paper is a warning, not a prescription."

Research in this paper was also conducted by Melanie Frazier and Casey C. O'Hara at UCSB, and Alejandra Vargas-Fonseca and Amanda T. Lombard at Nelson Mandela University in South Africa.
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These clear windows can secretly produce solar power | ScienceDaily
A research team led by Nanjing University has introduced a transparent, colorless, and unidirectional solar concentrator that can be directly coated onto standard window glass. Utilizing cholesteric liquid crystal (CLC) multilayers with submicron lateral periodicities, this diffractive-type solar concentrator (CUSC) selectively guides sunlight toward the edge of the window where photovoltaic cells are installed. The study appears in PhotoniX.


						
Unlike conventional luminescent or scattering-based concentrators, which often suffer from visual distortion, low efficiency, and poor scalability, the new CUSC achieves broadband polarization-selective diffraction and waveguiding without compromising clarity. The device maintains a high average visible transmittance (64.2%) and color rendering index (91.3), enabling clean energy generation without altering the appearance of the window.

"By engineering the structure of cholesteric liquid crystal films, we create a system that selectively diffracts circularly polarized light, guiding it into the glass waveguide at steep angles," said Dr. Dewei Zhang, co-first author. "This allows up to 38.1% of incident green light energy to be collected at the edge."

Experiments showed that a 1-inch-diameter prototype could directly power a 10-mW fan under sunlight. Modeling suggests a typical 2-meter-wide CUSC window could concentrate sunlight by 50 times, significantly reducing the number of photovoltaic cells required by up to 75%. The system supports integration with high-performance PV cells such as gallium arsenide for enhanced power conversion.

The multilayered CLC films are fabricated via photoalignment and polymerization techniques and are scalable via roll-to-roll manufacturing. The design remains stable under long-term exposure and can be retrofitted onto existing windows for sustainable urban upgrades.

"The CUSC design is a step forward in integrating solar technology into the built environment without sacrificing aesthetics," said Professor Wei Hu. "It represents a practical and scalable strategy for carbon reduction and energy self-sufficiency."

Future work will focus on enhancing broadband efficiency, polarization control, and adapting the technology for agricultural greenhouses and transparent solar displays. Their vision: to turn passive glass into active, energy-generating surfaces worldwide.
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Scientists just found a hidden quantum geometry that warps electrons | ScienceDaily
How can data be processed at lightning speed, or electricity conducted without loss? To achieve this, scientists and industry alike are turning to quantum materials, governed by the laws of the infinitesimal. Designing such materials requires a detailed understanding of atomic phenomena, much of which remains unexplored. A team from the University of Geneva (UNIGE), in collaboration with the University of Salerno and the CNR-SPIN Institute (Italy), has taken a major step forward by uncovering a hidden geometry -- until now purely theoretical -- that distorts the trajectories of electrons in much the same way gravity bends the path of light. This work, published in Science, opens new avenues for quantum electronics.


						
Future technologies depend on high-performance materials with unprecedented properties, rooted in quantum physics. At the heart of this revolution lies the study of matter at the microscopic scale -- the very essence of quantum physics. In the past century, exploring atoms, electrons and photons within materials gave rise to transistors and, ultimately, to modern computing.

New quantum phenomena that defy established models are still being discovered today. Recent studies suggest the possible emergence of a geometry within certain materials when vast numbers of particles are observed. This geometry appears to distort the trajectories of electrons in these materials -- much like Einstein's gravity bends the path of light.

From theory to observation

Known as quantum metric, this geometry reflects the curvature of the quantum space in which electrons move. It plays a crucial role in many phenomena at the microscopic scale of matter. Yet detecting its presence and effects remains a major challenge.

''The concept of quantum metric dates back about 20 years, but for a long time it was regarded purely as a theoretical construct. Only in recent years have scientists begun to explore its tangible effects on the properties of matter,'' explains Andrea Caviglia, full professor and director of the Department of Quantum Matter Physics at the UNIGE Faculty of Science.

Thanks to recent work, the team led by the UNIGE researcher, in collaboration with Carmine Ortix, associate professor in the Department of Physics at the University of Salerno, has detected quantum metric at the interface between two oxides -- strontium titanate and lanthanum aluminate -- a well-known quantum material. ''Its presence can be revealed by observing how electron trajectories are distorted under the combined influence of quantum metric and intense magnetic fields applied to solids,'' explains Giacomo Sala, research associate in the Department of Quantum Matter Physics at the UNIGE Faculty of Science and lead author of the study.

Unlocking Future Technologies

Observing this phenomenon makes it possible to characterise a material's optical, electronic and transport properties with greater precision. The research team also demonstrates that quantum metric is an intrinsic property of many materials -- contrary to previous assumptions.

''These discoveries open up new avenues for exploring and harnessing quantum geometry in a wide range of materials, with major implications for future electronics operating at terahertz frequencies (a trillion hertz), as well as for superconductivity and light-matter interactions,'' concludes Andrea Caviglia.
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Even the toughest corals are shrinking in warming seas | ScienceDaily
As coral reefs decline at unprecedented rates, new research has revealed that some coral species may be more resilient to warming temperatures than others.


						
By studying how six months of elevated ocean temperatures would affect a species of coral from the northern Red Sea called Stylophora pistillata, scientists found that although these organisms can certainly survive in conditions that mimic future warming trends, they don't thrive.

Stylophora pistillata tend to be tolerant of high ocean temperatures, but when continuously exposed to temperatures of 27.5 and 30 degrees Celsius (81.5 and 86 degrees Fahrenheit) -- baseline warming expected in tropical oceans by 2050 and 2100 -- scientists saw various changes in coral growth, metabolic rates, and even energy reserves. For instance, coral in 27.5 degrees Celsius waters survived, but were 30% smaller than their control group; those placed in 30 degrees Celsius waters wound up being 70% smaller.

"In theory, if corals in the wild at these temperatures are smaller, reefs might not be as diverse and may not be able to support as much marine life," said Ann Marie Hulver, lead author of the study and a former graduate student and postdoctoral scholar in earth sciences at The Ohio State University. "This could have adverse effects on people that depend on the reef for tourism, fishing or food."

Overall, the team's results suggest that even the most thermally tolerant coral species may suffer in their inability to overcome the consequences of warming seas.

The study was published on September 3 in the journal Science of the Total Environment.

While current predictions for coral reefs are dire, there is some good news. During the first 11 weeks of the experiment, researchers saw that corals were only minimally affected by elevated baseline temperatures. Instead, it was the cumulative impact of chronic high temperatures that compromised coral growth and caused them to experience a higher metabolic demand.




The coral later recovered after being exposed for a month to 25 degree Celsius waters, but had a dark pigmentation compared to corals that were never heated. This discovery implies that despite facing ever longer periods of threat from high ocean temperatures in the summer months, resilient coral like S. pistillata can bounce back when waters cool in the winter, researchers say.

Still, as ocean temperatures are expected to increase by 3 degrees Celsius by 2100, expecting coral reefs to predictably bend to projected climate models can be difficult, according to the researchers.

This team's research does paint a more detailed picture of how coral reefs may look and function in the next 50 years, said Andrea Grottoli, co-author of the study and a professor in earth sciences at Ohio State.

"Survival is certainly the No. 1 important thing for coral, but when they're physiologically compromised, they can't do that forever," said Grottoli. "So there's a limit to how long these resilient corals can cope with an ever increasing warming ocean."

Gaining a more complex understanding of how warming waters can alter coral growth and feeding patterns may also better inform long-term conservation efforts, said Grottoli.

"Conservation efforts could focus on areas where resilient coral are present and create protected sanctuaries so that there are some ecosystems that grow as high-probability-success reefs for the future," she said.




For now, all coral reefs are still in desperate need of protection, researchers note. To that end, Hulver imagines future work could be aimed at investigating the resilience of similar species of coral, including replicating this experiment to determine if sustained warming might cause trade-offs in other biological processes, such as reproduction.

"For coral, six months is still a very small snapshot of their lives," said Hulver. "We'll have to keep on studying them."

Other Ohio state co-authors include Shannon Dixon and Agusti Munoz-Garcia as well as Eric Beraud and Christine Ferrier-Pages from the Centre Scientifique de Monaco, and Aurelie Moya, Rachel Alderdice and Christian R Voolstra from the University of Konstanz. The study was supported by the National Science Foundation and the German Research Foundation.
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Seagrass found to be a powerful carbon sponge with a surprising weakness | ScienceDaily
Seagrass has the potential to be one of the world's most effective sponges at soaking up and storing carbon, but we don't yet know how nutrient pollution affects its ability to sequester carbon.


						
In a pair of studies, U-M researchers evaluated the impact of nitrogen and phosphorus on seagrass, short, turf-like grasses that live in shallow, coastal areas. Examining data gathered from a plot of seagrass enriched with nutrients over a period of nine years, the scientists found that nutrients can increase seagrass's ability to store carbon. However, in a second study, they also found that an overload of nitrogen could lead to increased phytoplankton growth, which can shade out and kill seagrass.

Both studies, published in Global Change Biology and Conservation Letters, respectively, were supported by the National Science Foundation and the David and Lucille Packard Foundation.

Jacob Allgeier, associate professor of ecology and evolutionary biology, studies fish and seagrass and coral ecology in bays of the Bahamas and Dominican Republic. He noticed that seagrasses growing in bays overloaded with nutrients, mostly from human wastewater, quickly died off. Light couldn't penetrate through the phytoplankton, which also proliferated under the high-nutrient conditions.

However, in other bays that experienced nutrient runoff but didn't have light-shading phytoplankton, he saw that seagrass grew well. Coastal tropical areas are often nutrient-starved. When the seagrasses growing there are bathed in nutrients, their growth takes off as long as there is not too much phytoplankton blocking out light, Allgeier says.

The researchers, led by recent U-M doctoral graduate Bridget Shayka, found that in relatively nutrient-poor beds of seagrass, phosphorus and nitrogen helped seagrass grow. As the seagrass grew, it first invested in its underground growth, or root systems, storing carbon in its roots. Then, the grass invested in above ground structures -- their blades. The end result was that the roots grew quickly but also died quickly, which shunted extra carbon into the sediment surrounding the roots and sequestered it at a higher rate.

"People thought excess nutrients were killing seagrass," Allgeier said. "But we show that as long as there are not too many nutrients, which would also increase phytoplankton, the seagrass will just increase growth with excess nutrients."

To study nutrient impacts, Shayka and Allgeier took samples of the seagrass from test plots in the Bahamas that had been treated with nutrients for nine years. Shayka and a raft of 17 undergraduates painstakingly untangled the seagrass, separating the grass into parts: the blades that grow above ground but under water, the sheath from which the blades emerge, the seagrass's roots and the seagrass's rhizomes -- basically an underground stem from which other seagrass plants can grow.




They then freeze-dried each part, pulverized them and tested them for nitrogen, phosphorus and carbon. In addition to finding that increasing nutrients in the system increased carbon turnover in the plants, the researchers also found that nutrients supplied by human sources had a greater impact on the seagrasses than those supplied by fish.

"The systems we study are pretty low-nutrient systems, so adding nutrients can increase seagrass production," said Shayka, now a program officer for the nonprofit Ocean Visions. "But we also know that when you go too far and add too many nutrients, it really destroys these systems. It's one of the leading causes of their destruction around the world and in coastal systems."

In the second study, the researchers tested which nutrient, nitrogen or phosphorus, had the greatest impact on seagrass, as well as whether the ratio of nitrogen to phosphorus or the total amount of each nutrient had the greatest effect on the system. They also examined nutrient impacts on phytoplankton.

To do this, they created 21 different ratios of nitrogen to phosphorus and added nutrients to test plots of seagrass growing in a different part of the same bay as well as to phytoplankton in bottles. They found that phosphorus had a bigger positive effect on seagrass growth than nitrogen in the nutrient-poor conditions.

Longstanding ecological theory suggests that the ratio of nutrients has the greatest impact on a system -- but the researchers found that in this particular case, phosphorus had a greater effect on seagrass while nitrogen had a greater effect on phytoplankton growth. In particular, the researchers found that the addition of nitrogen caused the rates of phytoplankton in the bottles to skyrocket, showing that increasing nitrogen in the natural landscape could lead to levels of phytoplankton that would shade out the seagrass.

"When you grow tomatoes, you don't just add nitrogen. You add a perfect ratio of nitrogen and phosphorus. That idea is replete in our society," Allgeier said. "But because we tested the water column and because we tested the seagrass, we're able to say that model doesn't work in our system."

This finding could inform how local communities control for nutrient impacts to seagrass.

"We're not stopping nutrient enrichment. It's just not going to stop," Allgeier said. "But we can manage it. And how do you best manage it? We scrub it for nitrogen."
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Woolly mammoth teeth reveal the world's oldest microbial DNA | ScienceDaily
An international team led by researchers at the Centre for Palaeogenetics, has uncovered microbial DNA preserved in woolly and steppe mammoth remains dating back more than one million years. The analyses reveal some of the world's oldest microbial DNA ever recovered, as well as the identification of bacteria that possibly caused disease in mammoths. The findings are published in Cell.


						
Researchers at the Centre for Palaeogenetics, a collaboration between Stockholm University and the Swedish Museum of Natural History, analyzed microbial DNA from 483 mammoth specimens, of which 440 were sequenced for the first time. Among them was a steppe mammoth that lived about 1.1 million years ago. Using advanced genomic and bioinformatic techniques, the team distinguished microbes that once lived alongside the mammoths from those that invaded their remains after death.

"Imagine holding a million-year-old mammoth tooth. What if I told you it still carries traces of the ancient microbes that lived together with this mammoth? Our results push the study of microbial DNA back beyond a million years, opening up new possibilities to explore how host-associated microbes evolved in parallel with their hosts," says Benjamin Guinet, a postdoctoral fellow at the Centre for Palaeogenetics and lead author of the study.

Six microbial clades persisted across time and space

The analyses identified six microbial groups consistently associated with mammoth hosts, including relatives of Actinobacillus, Pasteurella, Streptococcus, and Erysipelothrix. Some of these microbes may have been pathogenic. For instance, one Pasteurella-related bacterium identified in the study is closely related to a pathogen that has caused fatal outbreaks in African elephants. Since African and Asian elephants are the closest living relatives of mammoths, these findings raise questions about whether mammoths may also have been vulnerable to similar infections.

Remarkably, the team reconstructed partial genomes of Erysipelothrix from a 1.1-million-year-old steppe mammoth, representing the oldest known host-associated microbial DNA ever recovered. This pushes the limits of what researchers can learn about the interactions between ancient hosts and their microbiomes.

"As microbes evolve fast, obtaining reliable DNA data across more than a million years was like following a trail that kept rewriting itself. Our findings show that ancient remains can preserve biological insights far beyond the host genome, offering us perspectives on how microbes influenced adaptation, disease, and extinction in Pleistocene ecosystems," says Tom van der Valk, senior author and researcher at the Centre for Palaeogenetics.

A new window into ancient ecosystems

Although the exact impact of the identified microbes on mammoth health is difficult to determine due to DNA degradation and limited comparative data, the study provides an unprecedented glimpse into the microbiomes of extinct megafauna. The results suggest that some microbial lineages coexisted with mammoths for hundreds of thousands of years, spanning both wide geographic ranges and evolutionary timescales, from over one million years ago to the extinction of woolly mammoths on Wrangel Island about 4,000 years ago.

"This work opens a new chapter in understanding the biology of extinct species. Not only can we study the genomes of mammoths themselves, but we can now begin to explore the microbial communities that lived inside them," says Love Dalen, Professor of Evolutionary Genomics at the Centre for Palaeogenetics.
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Sweeteners in diet drinks may steal years from the brain | ScienceDaily
    	The study followed 12,772 adults with an average age of 52
    	Researchers tracked seven artificial sweeteners typically found in ultra-processed foods like flavored water, soda, energy drinks, yogurt and low-calorie desserts
    	People who consumed the highest total amounts of these sweeteners had faster decline in overall thinking and memory skills compared to people who consumed the lowest amounts
    	The faster decline equaled about 1.6 years of aging
    	Researchers found a link in people under 60 but not older than 60
    	While the study found links, it does not prove that sweeteners cause cognitive decline

Some sugar substitutes may come with unexpected consequences for long-term brain health, according to a study published in the September 3, 2025, issueofNeurology(r), the medical journal of the American Academy of Neurology. The study examined seven low- and no-calorie sweeteners and found that people who consumed the highest amounts experienced faster declines in thinking and memory skills compared to those who consumed the lowest amounts. The link was even stronger in people with diabetes. While the study showed a link between the use of some artificial sweeteners and cognitive decline, it did not prove that they were a cause.

The artificial sweeteners examined in the study were aspartame, saccharin, acesulfame-K, erythritol, xylitol, sorbitol and tagatose. These are mainly found in ultra-processed foods like flavored water, soda, energy drinks, yogurt and low-calorie desserts. Some are also used as a standalone sweetener.

"Low- and no-calorie sweeteners are often seen as a healthy alternative to sugar, however our findings suggest certain sweeteners may have negative effects on brain health over time," said study author Claudia Kimie Suemoto, MD, PhD, of the University of Sao Paulo in Brazil.

The study included 12,772 adults from across Brazil. The average age was 52, and participants were followed for an average of eight years.

Participants completed questionnaires about diet at the start of the study, detailing what they ate and drank over the past year. Researchers divided them into three groups based on the total amount of artificial sweeteners they consumed. The lowest group consumed an average of 20 milligrams per day (mg/day) and the highest group consumed an average of 191 mg/day. For aspartame, this amount is equivalent to one can of diet soda. Sorbitol had the highest consumption, with an average of 64 mg/day.

Participants were given cognitive tests at the start, middle and end of the study to track memory, language and thinking skills over time. The tests assessed areas such as verbal fluency, working memory, word recall and processing speed.




After adjusting for factors such as age, sex, high blood pressure and cardiovascular disease, researchers found people who consumed the highest amount of sweeteners showed faster declines in overall thinking and memory skills than those who consumed the lowest amount, with a decline that was 62% faster. This is the equivalent of about 1.6 years of aging. Those in the middle group had a decline that was 35% faster than the lowest group, equivalent to about 1.3 years of aging.

When researchers broke the results down by age, they found that people under the age of 60 who consumed the highest amounts of sweeteners showed faster declines in verbal fluency and overall cognition when compared to those who consumed the lowest amounts. They did not find links in people over 60. They also found that the link to faster cognitive decline was stronger in participants with diabetes than in those without diabetes.

When looking at individual sweeteners, consuming aspartame, saccharin, acesulfame-k, erythritol, sorbitol and xylitol was associated with a faster decline in overall cognition, particularly in memory.

They found no link between the consumption of tagatose and cognitive decline.

"While we found links to cognitive decline for middle-aged people both with and without diabetes, people with diabetes are more likely to use artificial sweeteners as sugar substitutes," Suemoto said. "More research is needed to confirm our findings and to investigate if other refined sugar alternatives, such as applesauce, honey, maple syrup or coconut sugar, may be effective alternatives."

A limitation of the study was that not all artificial sweeteners were included. Also, diet information was reported by the participants, who may not have remembered accurately everything they ate.

The study was supported by the Brazilian Ministry of Health, the Ministry of Science, Technology, and Innovation, and the National Council for Scientific and Technological Development.
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Scientists watch Parkinson's protein drill holes in brain cells | ScienceDaily
A toxic protein forms dynamic pores in the membranes of brain cells - and that may be the key to understanding how Parkinson's disease develops. This is the conclusion of a new study from Aarhus University, where researchers have developed an advanced method to track molecular attacks in real time.


						
Parkinson's disease often begins subtly. A slight tremor in the hand. A bit of stiffness. But over time, brain cells begin to die, and the symptoms worsen. The cause has long remained a mystery - but scientists may now be a step closer to an explanation.

At the center of attention is the protein a-synuclein, which plays a role in cell-to-cell communication in the healthy brain. In Parkinson's, however, it starts to behave abnormally and clumps into toxic structures.

Until now, most research has focused on the large aggregates known as fibrils, which are visible in brain tissue from patients with Parkinson's. But a new study focuses on smaller, less understood, and more toxic structures: a-synuclein oligomers. According to the researchers, these are the ones that drill microscopic holes in the membranes of nerve cells.

The study was recently published in the prestigious journal ACS Nano, published by the American Chemical Society.

Tiny revolving doors in the cells

"We are the first to directly observe how these oligomers form pores - and how the pores behave," says Mette Galsgaard Malle, postdoctoral researcher at both Aarhus University and Harvard University.




The process unfolds in three steps. First, the oligomers attach to the membrane, especially at curved regions. Then they partially insert themselves into the membrane. Finally, they form a pore that allows molecules to pass through and potentially disrupt the cell's internal balance.

But these are not static holes. The pores constantly open and close like tiny revolving doors.

"This dynamic behavior may help explain why the cells don't die immediately," says Bo Volf Brochner, PhD student and first author of the study. "If the pores remained open, the cells would likely collapse very quickly. But because they open and close, the cell's own pumps might be able to temporarily compensate."

Molecular movie in slow motion

This is the first time such pore dynamics have been observed in real time. It was made possible by a newly developed single-vesicle analysis platform that allows researchers to follow interactions between individual proteins and individual vesicles.

Vesicles are small artificial bubbles that mimic cell membranes and serve as simplified models of real cells.




"It's like watching a molecular movie in slow motion," explains Mette Galsgaard Malle. "Not only can we see what happens - we can also test how different molecules affect the process. That makes the platform a valuable tool for drug screening."

Long road to treatment

In fact, the team has already tested nanobodies - small antibody fragments - developed to specifically bind these oligomers. They show promise as highly selective diagnostic tools. However, as a treatment, there is still some way to go.

"The nanobodies did not block the pore formation," says Bo Volf Brochner. "But they may still help detect oligomers at very early stages of the disease. That's crucial, since Parkinson's is typically diagnosed only after significant neuronal damage has occurred."

The study also shows that the pores are not formed randomly. They tend to emerge in specific membrane types - especially those resembling the membranes of mitochondria, the cell's energy factories. This could indicate that the damage begins there.

One step at a time

However, the researchers emphasise that the study was conducted in model systems - not in living cells. The next step will be to replicate the findings in biological tissue, where more complex factors come into play.

"We created a clean experimental setup where we can measure one thing at a time. That's the strength of this platform," says Mette Galsgaard Malle. "But now we need to take the next step and investigate what happens in more complex biological systems."
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Earth's inner core exists only because of carbon | ScienceDaily
A new study by researchers at the University of Oxford, University of Leeds, and University College London has identified a new constraint on the chemistry of Earth's core, by showing how it was able to crystallize millions of years ago. The study was published today (September 4) in Nature Communications.


						
The researchers showed that the core would need to be made of 3.8% carbon for it to have begun crystallizing. This result indicates that carbon may be more abundant in Earth's core than previously thought, and that this element could have played a key role in how it froze, offering a rare glimpse into the processes occurring at the heart of our planet.

Earth's inner core, the solid iron-rich mass at the center of our planet, is slowly growing as the surrounding molten outer core cools and freezes. But this process has been a source of debate amongst scientists for decades.

Inner core formation is not just a matter of determining when the core cooled to its freezing point, but instead involves the process of crystallization which depends on its exact chemical composition. Like water droplets in clouds, which can cool to -30 degC before forming hail, molten iron must be supercooled (cooled to below its melting point) before it can freeze.

Previous calculations have suggested that 800-1000 degC of supercooling would be needed to initiate freezing of the core if it were made of pure iron.

However, if the core is supercooled to this degree, researchers have shown that the inner core would grow massively, and the Earth's magnetic field would fail. But neither of these outcomes have occurred during our planet's history. Instead, scientists believe that in the past, the core could have cooled to no more than about 250 degC below its melting point.

This new research aimed to understand how the inner core exists as observed today with such limited supercooling in the past. Without direct access to the Earth's deep interior, the research team needed to rely on computer simulations of the freezing process.




They looked at the presence of other elements, specifically silicon, sulphur, oxygen, and carbon, and how these might affect the freezing process.

"Each of these elements exist in the overlying mantle and could therefore have been dissolved into the core during Earth's history," explained co-author Associate Professor Andrew Walker (Department of Earth Sciences, University of Oxford). "As a result, these could explain why we have a solid inner core with relatively little supercooling at this depth. The presence of one or more of these elements could also rationalise why the core is less dense than pure iron, a key observation from seismology."

Using atomic-scale computer simulations of around 100,000 atoms at supercooled temperatures and pressures equivalent to those in the inner core, the research team tracked how often small crystal-like clusters of atoms formed from a liquid. These "nucleation" events are the first steps toward freezing.

What they found was surprising: silicon and sulphur, elements often assumed to be present in the core, actually slow down the freezing process. In other words, more supercooling would be needed to start forming the inner core if these elements were abundant in that part of the Earth.

On the other hand, they found that carbon helped to accelerate freezing in the simulation.

In the study, the researchers tested how much supercooling would be required to freeze the inner core if 2.4% of the core's mass were made of carbon. The result: about 420 degC, still too high, but the closest result to viability yet.




But when they extrapolated their results to a case where 3.8% of the core's mass is carbon, the required supercooling dropped to 266 degC. This is the only known composition that could explain both the nucleation and observed size of the inner core.

This result indicates that carbon may be more abundant in Earth's core than previously thought, and that without this element, the formation of a solid inner core may never have happened.

The experiments also show that inner core freezing was possible with just the right chemistry, and unlike water when it forms hail, it did so without "nucleation seeds," tiny particles which help to initiate freezing. This is vital, because when tested in previous simulations, all of the candidates for nucleation seeds in the core have melted or dissolved.

Lead author Dr Alfred Wilson (School of Earth and Environment, University of Leeds) said: "It is exciting to see how atomic scale processes control the fundamental structure and dynamics of our planet. By studying how Earth's inner core formed, we are not just learning about our planet's past. We're getting a rare glimpse into the chemistry of a region we can never hope to reach directly and learning about how it could change in the future."

Scientists have debated when the inner core began to solidify for decades, with some arguing for an ancient inner core (with freezing beginning more than two billion years ago) and others suggesting a much younger age (less than half a billion years). With this new information about the carbon content of the core, we are one step closer to constraining its chemistry and physical properties, and therefore how it evolved.

The work was funded by the Natural Environment Research Council (NERC).
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Scientists reveal how breakfast timing may predict how long you live | ScienceDaily
As we age, what and how much we eat tends to change. However, how meal timing relates to our health remains less understood. Researchers at Mass General Brigham and their collaborators studied changes to meal timing in older adults and discovered people experience gradual shifts in when they eat meals as they age. They also found characteristics that may contribute to meal timing shifts and revealed specific trajectories linked to an earlier death. The results are published in Communications Medicine.


						
"Our research suggests that changes in when older adults eat, especially the timing of breakfast, could serve as an easy-to-monitor marker of their overall health status. Patients and clinicians can possibly use shifts in mealtime routines as an early warning sign to look into underlying physical and mental health issues," said lead author Hassan Dashti, PhD, RD, a nutrition scientist and circadian biologist at Massachusetts General Hospital, a founding member of the Mass General Brigham healthcare system. "Also, encouraging older adults in having consistent meal schedules could become part of broader strategies to promoting healthy aging and longevity."

Dashti and his colleagues -- including senior author Altug Didikoglu, MSc, PhD, of the Izmir Institute of Technology in Turkey -- examined key aspects of meal timing that are significant for aging populations to determine whether certain patterns might signal, or even influence, health outcomes later in life. The research team analyzed data, including blood samples, from 2,945 community-dwelling adults in the UK aged 42-94 years old who were followed for more than 20 years. They found that as older adults age, they tend to eat breakfast and dinner at later times, while also narrowing the overall time window in which they eat each day.

Later breakfast time was consistently associated with having physical and mental health conditions such as depression, fatigue and oral health problems. Difficulty with meal preparation and worse sleep were also linked with later mealtimes. Notably, later breakfast timing was associated with an increased risk of death during follow-up. Individuals genetically predisposed to characteristics associated with being a "night owl" (preferring later sleep and wake times) tended to eat meals at later times.

"Up until now, we had a limited insight into how the timing of meals evolves later in life and how this shift relates to overall health and longevity," said Dashti. "Our findings help fill that gap by showing that later meal timing, especially delayed breakfast, is tied to both health challenges and increased mortality risk in older adults. These results add new meaning to the saying that 'breakfast is the most important meal of the day,' especially for older individuals."

Dashti noted that this has important implications as time-restricted eating and intermittent fasting gain popularity, where the health impacts of shifting meal schedules may differ significantly in aging populations from those in younger adults.

Authorship: In addition to Dashti, Mass General Brigham authors include Chloe Liu, Hao Deng and Anushka Sharma.

Funding: This study was supported by the National Institute of Health (R00HL153795).
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A 3-minute brainwave test could spot Alzheimer's years before symptoms | ScienceDaily
A simple brainwave test developed at the University of Bath has been shown to detect signs of memory impairment linked to Alzheimer's disease years before clinical diagnosis is typically possible.


						
Published in the journal Brain Communications the study by academics from the University of Bath and the University of Bristol, reports that Fastball EEG, a three-minute passive test that records electrical activity in the brain while participants view a stream of images, can reliably identify memory problems in people with Mild Cognitive Impairment (MCI) -- a condition that can lead to Alzheimer's. This follows the group's previous study in 2021 that demonstrated Fastball was sensitive to memory impairment in Alzheimer's disease.

Crucially, the research team has demonstrated for the first time that the test can be administered in people's homes, outside of a clinical environment. Researchers say this opens the door to wider screening and monitoring using accessible, low-cost technology.

With the development of the breakthrough Alzheimer's drugs, donanemab and lecanemab, an early diagnosis is more important than ever before. The drugs are clinically proven to be the most effective in the early stages of Alzheimer's. Despite this, in England, it is estimated that as many as 1 in 3 people do not currently have a dementia diagnosis, delaying treatments, support and research opportunities to tackle the condition.

The study was led by Dr George Stothart, a cognitive neuroscientist in the Department of Psychology at the University of Bath. He said:

"We're missing the first 10 to 20 years of Alzheimer's with current diagnostic tools. Fastball offers a way to change that -- detecting memory decline far earlier and more objectively, using a quick and passive test."

How the test works

Fastball is a passive EEG test that monitors the brain's automatic responses to images -- without requiring participants to follow instructions or recall information. This makes it more objective and accessible than traditional memory tests.




Key findings:
    	Detected early memory issues in people with MCI likely to develop Alzheimer's.
    	Delivered reliable results in real-world home settings.
    	Showed reduced memory responses even in patients who later progressed to dementia.

Researchers say Fastball could be scaled for use in GP surgeries, memory clinics, or at home -- helping deliver earlier, more accurate diagnoses.

Dr Stothart added: "There's an urgent need for accurate, practical tools to diagnose Alzheimer's at scale. Fastball is cheap, portable, and works in real-world settings."

The study was funded by the Academy of Medical Sciences and supported by dementia research charity BRACE.

Chris Wiliams, CEO of BRACE Dementia Research, said: "Fastball is an incredible tool that could offer anyone who, for whatever reason, cannot access a dementia diagnosis in a clinical setting.

BRACE has been supporting the development of Fastball for several years, and we are excited to see what Dr Stothart's team will achieve over the next few years with ongoing support from the charity."
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Scientists watch an atomic nucleus flip in real time | ScienceDaily
Researchers from Delft University of Technology in The Netherlands have been able to see the magnetic nucleus of an atom switch back and forth in real time. They read out the nuclear 'spin' via the electrons in the same atom through the needle of a scanning tunneling microscope. To their surprise, the spin remained stable for several seconds, offering prospects for enhanced control of the magnetic nucleus. The research, published in Nature Communications, is a step forward for quantum sensing at the atomic scale.


						
A scanning tunneling microscope (STM) consists of an atomically-sharp needle that can 'feel' single atoms on a surface and make images with atomic resolution. Or to be precise, STM can only feel the electrons that surround the atomic nucleus. Both the electrons and the nucleus in an atom are potentially small magnets. Depending on the type of atom, they each carry a quantity called 'spin', the quantum-mechanical equivalent of magnetism. Measuring the motion of an individual electron spin with an STM was achieved for the first time a decade ago. The TU Delft research group led by professor Sander Otte wanted to know: could they also use an STM to read out the nuclear spin in time, the other part of the atom?

Reading out the nuclear spin

The STM is not sensitive to nuclear spins directly, so the team had to use the electron to read out the nuclear spin indirectly. "The general idea had been demonstrated a few years ago, making use of the so-called hyperfine interaction between electron and nuclear spins," Otte explains. However, these early measurements were too slow to capture the motion of the nuclear spin over time."

Rapid measurements

First authors Evert Stolte and Jinwon Lee set out to perform rapid measurements on an atom known to carry a nuclear spin. To their excitement, they observed the signal switching between two distinct levels in real time, live on their computer screen. "We were able to show that this switching corresponds to the nuclear spin flipping from one quantum state to another, and back again," Stolte says. They determined that it takes about five seconds before the spin changes, much longer than many other quantum systems available for the STM. For instance, the lifetime of the electron spin in the same atom is only around 100 nanoseconds.

Single-shot readout

Since the researchers could measure nuclear spin state faster than it flips and (mostly) without causing a flip by the measurement itself, they achieved so-called 'single-shot readout'. This opens up exciting experimental possibilities for controlling the nuclear spin. Furthermore, fundamental progress in the readout and control of an on-surface nuclear spins could, in the long term, assist in applications like quantum simulation or quantum sensing at the atomic scale. Stolte: "The first step in any new experimental frontier is being able to measure it, and that is what we were able to do for nuclear spins at the atomic scale."
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Fossil reveals a 310-million-year-old fish that ate with a hidden second jaw | ScienceDaily
Experts have uncovered the earliest known example of a fish with extra teeth deep inside its mouth - a 310-million-year-old fossilized ray-finned fish that evolved a unique way of devouring prey.


						
Platysomus parvulus had a unique way of eating never seen in ray-finned fish from that time - a 'tongue bite', using a special set of teeth on the floor and roof of the mouth to help it crush and chew tough food like shells or insects.

Most fish today use their jaws to bite and chew, but some also have tongue bites, which work like a second set of jaws. Until now, the oldest known fish with such a dental arrangement lived about 150 million years later

Publishing their findings on September in Biology Letters, the international research team used high-resolution CT scanning to reconstruct the internal anatomy of the fossil, which was discovered in Carboniferous rock formations in the UK county of Staffordshire.

Supported by the Royal Society, the National Science Foundation, and the Natural Environment Research Council, the researchers discovered a sophisticated arrangement of tooth plates on the roof of the fish's mouth and the gill skeleton.

Lead author Professor Sam Giles, from the University of Birmingham, commented: "Our discovery helps us understand how fish evolved after the End-Devonian Mass Extinction, which wiped out many species. After this extinction event, fish started to change and develop new body shapes and ways of feeding.

"Tongue bites have evolved many times in different fish groups - including in modern ones such as trout and bonefish, demonstrating that it is a useful tool that helps fish eat a wider variety of food and survive in different environments."

The tongue bite mechanism involves opposing sets of teeth--one on the roof of the mouth and another on the gill skeleton--that work together to grip and crush prey.




The Platysomus fossil studied is uniquely preserved in 3D, allowing researchers to peer inside its mouth and digitally dissect its anatomy. This reveals a multi-part lower tooth plate and narrow upper plate, both bearing a single layer of pointed teeth--suggesting a transitional stage in the evolution of more advanced tongue bite systems seen in later fish like Bobasatrania.

Co-author Dr Matthew Kolmann, from the University of Louisville, commented: "Later fish, like the Bobasatrania group, had more advanced tongue bites and did not use their jaws at all, relying on their tongue bite to crush hard food. Platysomus parvulus is like a missing link between simple jawed fish and more advanced tongue-biters."

The discovery supports a model of rapid innovation in early ray-finned fishes following the End-Devonian Mass Extinction, with ray-finned fishes' experimentation with new feeding strategies.

Co-author Prof Matt Friedman, from the University of Michigan, commented: "Tongue bites are just one of many feeding innovations that emerged during this time. This fish represents a key evolutionary step and helps us understand how ancient ecosystems functioned and how modern fish lineages came to be."
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Scientists create biodegradable plastic stronger than PET | ScienceDaily
The PET-alternative PDCA is biodegradable and has superior physical properties. A Kobe University team of bioengineers engineered E. coli bacteria to produce the compound from glucose at unprecedented levels and without byproducts -- and opened up a realm of possibilities for the future of bioengineering.


						
The durability of plastics is both the reason why they have become so wide-spread and why they pose environmental problems. In addition, they are mainly sourced from petroleum, making them non-renewable and contingent on geopolitics. Research groups worldwide work on both biodegradable and bio-sourced alternatives, but there often are issues with yield, purity and -- as a result -- associated production cost.

Kobe University bioengineer Tsutomu Tanaka says: "Most biomass-based production strategies focus on molecules consisting of carbon, oxygen and hydrogen. However, there are highly promising compounds for high-performance plastics that include other elements such as nitrogen, but there are no efficient bioproduction strategies. And purely chemical reactions inevitably generate unwanted byproducts." PDCA, which stands for pyridinedicarboxylic acid, is such a candidate. It is biodegradable, and materials incorporating this show physical properties comparable to or even surpassing those of PET, which is widely used in containers and textiles. "Our group approached the challenge from a new angle: We aimed to harness cellular metabolism to assimilate nitrogen and build the compound from start to finish," says Tanaka.

In the journal Metabolic Engineering, the Kobe University group now published that they achieved the production of PDCA in bioreactors at concentrations more than seven-fold higher than previously reported. Tanaka explains, "The significance of our work lies in demonstrating that metabolic reactions can be used to incorporate nitrogen without producing unwanted byproducts, thereby enabling the clean and efficient synthesis of the target compound."

The group, however, did have some stubborn problems to solve along the way. The most stubborn of these came when they discovered a bottleneck where one of the enzymes they had introduced produced the highly reactive compound hydrogen peroxide, H2O2. The compound then attacked the enzyme that produced it, thereby deactivating it. "Through refining the culture conditions, in particular by adding a compound that can scavenge H2O2, we could finally overcome the issue, although this addition may present new economic and logistical challenges for large-scale production," says Tanaka.

The bioengineers already have plans on how to improve the production going forward, with every problem pointing the way to its solution. Looking at the future, Tanaka says: "The ability to obtain sufficient quantities in bioreactors lays the groundwork for the next steps toward practical implementation. More generally, though, our achievement in incorporating enzymes from nitrogen metabolism broadens the spectrum of molecules accessible through microbial synthesis, thus enhancing the potential of bio-manufacturing even further."

This research was funded by the Japan Society for the Promotion of Science (grants 25K00054, 23H04565, 25H01701, 25K01594, 25H00819) and the Japan Science and Technology Agency (grant JPMJPR22N9).
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A tiny embryo fold changed the course of evolution | ScienceDaily

Small fold - big role: A tissue fold known as the cephalic furrow, an evolutionary novelty that forms between the head and the trunk of fly embryos, plays a mechanical role in stabilizing embryonic tissues during the development of the fruit fly Drosophila melanogaster.

Combining theory and experiment: Researchers integrated computer simulations with their experiments and showed that the timing and position of cephalic furrow formation are crucial for its function, preventing mechanical instabilities in the embryonic tissues.

Evolutionary response to mechanical stress: The increased mechanical instability caused by embryonic tissue movements may have contributed to the origin and evolution of the cephalic furrow genetic program. This shows that mechanical forces can shape the evolution of new developmental features.

Mechanical forces shape tissues and organs during the development of an embryo through a process called morphogenesis. These forces cause tissues to push and pull on each other, providing essential information to cells and determining the shape of organs. Despite the importance of these forces, their role in the evolution of development is still not well understood.

Animal embryos undergo tissue flows and folding processes, involving mechanical forces, that transform a single-layered blastula (a hollow sphere of cells) into a complex multi-layered structure known as the gastrula. During early gastrulation, some flies of the order Diptera form a tissue fold at the head-trunk boundary called the cephalic furrow. This fold is a specific feature of a subgroup of Diptera and is therefore an evolutionary novelty of flies.

The research groups of Pavel Tomancak and Carl Modes, both group leaders at the Max Planck Institute of Molecular Cell Biology and Genetics in Dresden, Germany, looked into the function of the cephalic furrow during the development of the fruit fly Drosophila melanogaster and the potential connection with its evolution. The results of their investigation are published in the journal Nature.




A genetically patterned fold with unknown function

The researchers knew that several genes are involved in the formation of the cephalic furrow. The cephalic furrow is especially interesting because it is a prominent embryonic invagination whose formation is controlled by genes, but that has no obvious function during development. The fold does not give rise to specific structures and, later in development, it simply unfolds, leaving no trace. Bruno C. Vellutini, a postdoctoral researcher in the group of Pavel Tomancak, who led the study together with Tomancak, explains, "Our original question was to uncover the genes involved in cephalic furrow formation and the developmental role of the invagination. Later on, we broadened our investigations to other fly species and found that changes in the expression of the gene buttonhead are associated with the evolution of the cephalic furrow."

With their experiments, the researchers show that the absence of the cephalic furrow leads to an increase in the mechanical instability of embryonic tissues and that the primary sources of mechanical stress are cell divisions and tissue movements typical of gastrulation. They demonstrate that the formation of the cephalic furrow absorbs these compressive stresses. Without a cephalic furrow, these stresses build up, and outward forces caused by cell divisions in the single-layered blastula cause mechanical instability and tissue buckling. This intriguing physical role gave the researchers the idea that the cephalic furrow may have evolved in response to the mechanical challenges of dipteran gastrulation, with mechanical instability acting as a potential selective pressure.

Physical model of folding dynamics

To determine the contribution of individual sources of mechanical stress, the experimentalists in the Tomancak group teamed up with the group of Carl Modes to create a theoretical physical model that behaves like the fly embryos. Carl Modes says, "Our model can simulate the behavior of embryonic tissues in fly embryos with very few free parameters. The model was fed with the data from the experiments. First, we wanted to see how the strength of the fold affects the function of the cephalic furrow. We assumed that a strong pull inside the fold is a good buffer to counteract mechanical forces. However, we discovered that the position and timing are what really matter. The earlier the cephalic furrow forms, the better of a buffer it is, and when it forms around the middle of the embryo, it proved to have the strongest buffering effect." This physical model provides a theoretical basis that the cephalic furrow can absorb compressive stresses and prevent mechanical instabilities in embryonic tissues during gastrulation.

A related study reveals two cellular mechanisms to prevent stress.

Another study, also focusing on mechanisms of how flies counteract mechanical stresses, is published at the same time in the Nature journal. The team led by Steffen Lemke from the University of Hohenheim, Germany, and Yu-Chiun Wang from the RIKEN Center for Biosystems Dynamics Research in Kobe, Japan, found two different ways how flies deal with compressive stress during embryonic development. Flies either feature a cephalic furrow or, if they lack one, display widespread out-of-plane division, meaning the cells divide downwards to reduce the surface area. Both mechanisms act as mechanical sinks to prevent tissue collision and distortion. The authors of the study worked together with the MPI-CBG researchers during the course of their studies.

Evolution of a small fold

Pavel Tomancak summarizes the results, "Our findings uncover empirical evidence for how mechanical forces can influence the evolution of innovations in early development. The cephalic furrow may have evolved through the genetic changes in response to the mechanical challenges of the dipteran gastrulation. We show that mechanical forces are not just important for the development of the embryo but also for the evolution of its development."
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The Sun's hidden particle engines finally exposed | ScienceDaily
The European Space Agency-led Solar Orbiter mission has split the flood of energetic particles flung out into space from the Sun into two groups, tracing each back to a different kind of outburst from our star.


						
The Sun is the most energetic particle accelerator in the Solar System. It whips up electrons to nearly the speed of light and flings them out into space, flooding the Solar System with so-called 'Solar Energetic Electrons' (SEEs).

Researchers have now used Solar Orbiter to pinpoint the source of these energetic electrons and trace what we see out in space back to what's actually happening on the Sun. In a paper to be published in Astronomy & Astrophysics on September 1, they explain that they found two kinds of SEE with clearly distinct stories: one connected to intense solar flares (explosions from smaller patches of the Sun's surface), and one to larger eruptions of hot gas from the Sun's atmosphere (known as 'coronal mass ejections', or CMEs).

"We see a clear split between 'impulsive' particle events, where these energetic electrons speed off the Sun's surface in bursts via solar flares, and 'gradual' ones associated with more extended CMEs, which release a broader swell of particles over longer periods of time," says lead author Alexander Warmuth of the Leibniz Institute for Astrophysics Potsdam (AIP), Germany.

A clearer connection

While scientists were aware that two types of SEE event existed, Solar Orbiter was able to measure a large number of events, and look far closer to the Sun than other missions had, to reveal how they form and leave the surface of our star.

"We were only able to identify and understand these two groups by observing hundreds of events at different distances from the Sun with multiple instruments - something that only Solar Orbiter can do," adds Alexander. "By going so close to our star, we could measure the particles in a 'pristine' early state and thus accurately determine the time and place they started at the Sun."

Flight delays




The researchers detected the SEE events at different distances from the Sun. This let them study how the electrons behave as they travel through the Solar System, answering a lingering question about these energetic particles.

When we spot a flare or a CME, there's often an apparent lag between what we see taking place at the Sun, and the release of energetic electrons into space. In extreme cases, the particles seem to take hours to escape. Why?

"It turns out that this is at least partly related to how the electrons travel through space - it could be a lag in release, but also a lag in detection," says co-author and ESA Research Fellow Laura Rodriguez-Garcia. "The electrons encounter turbulence, get scattered in different directions, and so on, so we don't spot them immediately. These effects build up as you move further from the Sun."

The space between the Sun and the planets of the Solar System isn't empty. A wind of charged particles streams out from the Sun constantly, dragging the Sun's magnetic field with it. It fills space and influences how the energetic electrons travel; rather than being able to go where they like, they are confined, scattered, and disturbed by this wind and its magnetism.

The study fulfils an important goal of Solar Orbiter: to continuously monitor our star and its surroundings to trace ejected particles back to their sources at the Sun.

"Thanks to Solar Orbiter, we're getting to know our star better than ever," says Daniel Muller, ESA Project Scientist for Solar Orbiter. "During its first five years in space, Solar Orbiter has observed a wealth of Solar Energetic Electron events. As a result, we've been able to perform detailed analyses and assemble a unique database for the worldwide community to explore."

Keeping Earth safe




Crucially, the finding is important for our understanding of space weather, where accurate forecasting is essential to keep our spacecraft operational and safe. One of the two kinds of SEE events is more important for space weather: that connected to CMEs, which tend to hold more high-energy particles and so threaten far more damage. Because of this, being able to distinguish between the two types of energetic electrons is hugely relevant for our forecasting.

"Knowledge such as this from Solar Orbiter will help protect other spacecraft in the future, by letting us better understand the energetic particles from the Sun that threaten our astronauts and satellites," adds Daniel. "The research is a really great example of the power of collaboration - it was only possible due to the combined expertise and teamwork of European scientists, instrument teams from across ESA Member States, and colleagues from the US."

Looking ahead, ESA's Vigil mission will pioneer a revolutionary approach, operationally observing the 'side' of the Sun for the first time, unlocking continuous insights into solar activity. To be launched in 2031, Vigil will detect potentially hazardous solar events before they come into view as seen from Earth, giving us advance knowledge of their speed, direction and chance of impact.

Our understanding of how our planet responds to solar storms will also be investigated further with the launch of ESA's Smile mission next year. Smile will study how Earth endures the relentless 'wind', and sporadic bursts, of fierce particles thrown our way from the Sun, exploring how the particles interact with our planet's protective magnetic field.

Solar Orbiter is a space mission of international collaboration between ESA and NASA, operated by ESA.
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A weirdly shaped telescope could finally find Earth 2. 0 | ScienceDaily
The Earth supports the only known life in the universe, all of it depending heavily on the presence of liquid water to facilitate chemical reactions. While single-celled life has existed almost as long as the Earth itself, it took roughly three billion years for multicellular life to form. Human life has existed for less than one 10 thousandth of the age of the Earth.


						
All of this suggests that life might be common on planets that support liquid water, but it might be uncommon to find life that studies the universe and seeks to travel through space, like we do. To find extraterrestrial life, it might be necessary for us to travel to it.

However, the vastness of space, coupled with the impossibility of traveling or communicating faster than the speed of light, places practical limits on how far we can roam. Only the closest stars to the sun could possibly be visited in a human lifetime, even by a space probe. In addition, only stars similar in size and temperature to the sun are long-lived enough, and have stable enough atmospheres, for multicellular life to have time to form. For this reason, the most valuable stars to study are the 60 or so sun-like stars that are closer to us than approximately 30 light-years. The most promising planets orbiting these stars would have sizes and temperatures similar to the Earth, so solid ground and liquid water can exist.

A needle in the haystack

Observing an Earth-like exoplanet separately from the star it is orbiting around is a major challenge. Even in the best possible scenario, the star is a million times brighter than the planet; if the two objects are blurred together, there is no hope of detecting the planet. Optics theory says that the best resolution one can get in telescope images depends on the size of the telescope and the wavelength of the observed light. Planets with liquid water give off the most light at wavelengths around 10 microns (the width of a thin human hair and 20 times the typical wavelength of visible light). At this wavelength, a telescope needs to collect light over a distance of at least 20 meters to have enough resolution to separate the Earth from the sun at a distance of 30 light-years. Additionally, the telescope must be in space, because looking through the Earth's atmosphere would blur the image too much. However, our largest space telescope - the James Webb Space Telescope (JWST) - is only 6.5 meters in diameter, and that telescope was extremely difficult to launch.

Because deploying a 20-meter space telescope seems out-of-reach with current technology, scientists have explored several alternative approaches. One involves launching multiple, smaller telescopes that maintain extremely accurate distances between them, so that the whole set acts as one telescope with a large diameter. But, maintaining the required spacecraft position accuracy (which must be precisely calibrated to the size of a typical molecule) is also currently infeasible.

Other proposals use shorter wavelength light, so that a smaller telescope can be used. However, in visible light a sun-like star is more than 10 billion times brighter than the Earth. It is beyond our current capability to block out enough starlight to be able to see the planet in this case, even if in principle the image has high enough resolution.




One idea for blocking the starlight involves flying a spacecraft called a 'starshade' that is tens of meters across, at a distance of tens of thousands of miles in front of the space telescope, so that it exactly blocks the light from the star while the light from a companion planet is not blocked. However, this plan requires that two spacecraft be launched (a telescope and a starshade). Furthermore, pointing the telescope at different stars would entail moving the starshade thousands of miles, using up prohibitively large quantities of fuel.

A rectangular perspective

In our paper, we propose a more feasible alternative. We show that it is possible to find nearby, Earth-like planets orbiting sun-like stars with a telescope that is about the same size as JWST, operating at roughly the same infrared (10 micron) wavelength as JWST, with a mirror that is a one by 20 meter rectangle instead of a circle 6.5 meters in diameter.

With a mirror of this shape and size, we can separate a star from an exoplanet in the direction that the telescope mirror is 20 meters long. To find exoplanets at any position around a star, the mirror can be rotated so its long axis will sometimes align with the star and planet. We show that this design can in principle find half of all existing Earth-like planets orbiting sun-like stars within 30 light-years in less than three years. While our design will need further engineering and optimization before its capabilities are assured, there are no obvious requirements that need intense technological development, as is the case for other leading ideas.

If there is about one Earth-like planet orbiting the average sun-like star, then we would find around 30 promising planets. Follow-up study of these planets could identify those with atmospheres that suggest the presence of life, for example oxygen that was formed through photosynthesis. For the most promising candidate, we could dispatch a probe that would eventually beam back images of the planet's surface. The rectangular telescope could provide a straightforward path towards identifying our sister planet: Earth 2.0.
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Metformin's mysterious metal effect could explain its big health benefits | ScienceDaily
The widely used diabetes drug metformin changes blood metal levels in humans. The Kobe University study is an important step in understanding the drug's many actions and designing better ones in the future.


						
Metformin is the most widely prescribed diabetes drug in the world. Apart from lowering blood sugar levels, it is also known to have a broad range of beneficial side effects such as against tumors, inflammations and atherosclerosis. However, although it has been used for more than 60 years now, its mechanism of action is still not clear, hampering the development of even better drugs against these conditions.

Kobe University endocrinologist Wataru Ogawa says: "It is known that diabetes patients experience changes in the blood levels of metals such as copper, iron and zinc. In addition, chemical studies found that metformin has the ability to bind certain metals, such as copper, and recent studies showed that it is this binding ability that might be responsible for some of the drug's beneficial effects. So, we wanted to know whether metformin actually affects blood metal levels in humans, which had not been clarified." To do so, Ogawa and his team enlisted about 200 diabetes patients at Kobe University Hospital, half of which took metformin and half of which did not, in a study to analyze their blood serum levels for those metals and various metal deficiency indicators.

In the journal BMJ Open Diabetes Research & Care, the Kobe University team now published the first clinical evidence of altered blood metal levels in patients taking metformin. They showed that drug-taking patients have significantly lower copper and iron levels and heightened zinc levels. Ogawa says: "It is significant that we could show this in humans. Furthermore, since decreases in copper and iron concentrations and an increase in zinc concentration are all considered to be associated with improved glucose tolerance and prevention of complications, these changes may indeed be related to metformin's action."

Recently, Japan has approved the use of imeglimin, a new diabetes drug that is a derivative of metformin but that should not be able to bind metals the same way as its parent. "Imeglimin is thought to have a different method of action, and we are already conducting studies to compare the effects the two drugs have," says Ogawa.

It is not just about understanding the current drugs, however. Ogawa explains the bigger picture, saying: "We need both clinical trials and animal experiments to pinpoint the causal relationship between the drug's action and its effects. If such studies progress further, they may lead to the development of new drugs for diabetes and its complications by properly adjusting the metal concentrations in the body."

This research was funded by the Japan Society for the Promotion of Science (grant 24H00638) and the Manpei Suzuki Diabetes Foundation. It was conducted in collaboration with a researcher from the Kagayaki Diabetes and Endocrinology Clinic Sannomiya.
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A monster molecular cloud has been discovered in our galaxy - "No one had any idea this existed" | ScienceDaily
An international team of astronomers has discovered a massive cloud of gas and dust located in a little-known region of our Milky Way galaxy. The Giant Molecular Cloud (GMC) is about 60 parsecs -- or 200 light years -- long.


						
In a new study published in the Astrophysical Journal, researchers using the U.S. National Science Foundation Green Bank Telescope (NSF GBT) have peered into a molecular cloud known as M4.7-0.8, nicknamed the Midpoint cloud. Their observations have revealed a dynamic region bustling with activity, including potential sites of new star formation.

"One of the big discoveries of the paper was the GMC itself. No one had any idea this cloud existed until we looked at this location in the sky and found the dense gas. Through measurements of the size, mass, and density, we confirmed this was a giant molecular cloud," shares Natalie Butterfield, an NSF National Radio Astronomy Observatory (NSF NRAO) scientist and lead author of this paper.

"These dust lanes are like hidden rivers of gas and dust that are carrying material into the center of our galaxy," explained Butterfield. "The Midpoint cloud is a place where material from the galaxy's disk is transitioning into the more extreme environment of the galactic center and provides a unique opportunity to study the initial gas conditions before accumulating in the center of our galaxy."

The NSF GBT observations focused on molecules like ammonia (NH3) and cyanobutadiyne (HC5N), which are tracers of dense gas. Besides revealing the previously unknown Midpoint cloud in the Galaxy's inward-bound dust lane, the data also showed:
    	A New Maser: The team discovered a previously unknown "maser," a natural source of intense microwave radiation, associated with ammonia gas. This is often a sign of active star formation.
    	Potential Star Birth Sites: The cloud contains compact clumps of gas and dust that appear to be on the verge of forming new stars. One of these clumps, dubbed Knot E, might be a frEGG (free-floating evaporating gas globule) - a small, dense cloud being eroded by radiation from nearby stars.
    	Evidence of Stellar Feedback: The team found a shell-like structure within the cloud, possibly created by the energy released from dying stars.
    	Turbulent Gas: The gas within the cloud is highly turbulent, similar to what is seen in the galaxy's central regions. This turbulence could be caused by the inflow of material along the dust lanes or by collisions with other clouds.

"Star formation in galactic bars is a bit of a puzzle," said Larry Morgan, a scientist with the NSF Green Bank Observatory (NSF GBO), "The strong forces in these regions can actually suppress star formation. However, the leading edges of these bars, such as where the Midpoint is located, can accumulate dense gas and trigger new star formation."

The team's findings suggest that the Midpoint cloud is a crucial link in the flow of material from the Milky Way's disk to its center. By studying this region, astronomers can learn more about how galaxies build their central structures and form new stars in extreme environments.
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The flawed carbon math that lets major polluters off the hook | ScienceDaily
Climate action is falling behind on the goals as stated in the Paris Agreement. To meet those goals, countries must act according to their 'fair share' targets. However, researchers from Utrecht University found a bias in how ambition and fairness assessments were calculated until now: "previous studies assessing countries climate ambition share a feature that rewards high emitters at the expense of the most vulnerable ones." This finding influences climate change mitigations globally. The research, led by Yann Robiou du Pont, was published on September 3 in Nature Communications.


						
The researchers argue that previous fairness and ambition assessments were biased, as they start from shifting goalposts of rising emissions. Their proposed method avoids delaying the obligation to reduce emissions and calculates the immediate ambition gap that can be filled by climate measures and international finance. As negotiated climate targets are still insufficient, this work underscores the growing role of courts in ensuring that climate and human rights obligations are met. The study highlights that high-emitting countries, most notably G7 countries, Russia, and China, need to do more given the very different historical responsibility and financial capability of countries.

An approach based on historical responsibility needed

Fair-share emissions allocations distribute the global carbon budget among countries based on principles like historical responsibility, capability, and development needs, aiming to assign each country a 'fair share' of allowable emissions. Under the Paris Agreement, these allocations indicate what each country should commit to in order to collectively limit global warming to 1.5degC and staying well below 2degC.

By calculating each ambition and fairness assessment from the present situation, we increasingly let major polluting countries off the hook. This pushes a heavier burden onto countries that have done the least to cause the crisis, or more realistically brings the world towards catastrophic levels of global warming. Therefore, the authors propose calculating fair-share emissions allocations immediately based on each country's historical contributions to climate change and their capacity to act. Accounting for immediate responsibilities sets a new baseline. It would cause some countries' emission paths to suddenly and drastically change instead of following a smooth decline. This approach would demand steep, immediate cuts mostly from wealthier, high-emitting countries. Since the cuts needed from these countries are too large to achieve locally, it requires substantial financial support for additional mitigation in poorer countries. Importantly, removing the systemic reward for inaction affects the ranking of countries' gap between their current pledges and fair emissions allocations, even within the group of high-income countries. Then, the USA, Australia, Canada, the UAE and Saudi Arabia have the greatest gap, requiring the most additional effort and finance. Much of equity discussions is about developed versus developing countries, but this paper is particularly relevant for developed countries being rewarded for inaction compared to other and more ambitious developed countries.

Role in climate litigation

Fair-share studies like this one are increasingly used in climate litigation, such as the KlimaSeniorinnen case before the European Court of Human Rights. The court recognised that insufficient national climate action constitutes a breach of human rights and that countries must justify how their climate pledges are a fair and ambitious contribution to the global objectives. Courts rely on these assessments to evaluate whether national emissions targets are sufficient and equitable. Biases in the assessments therefore have real-world impact: they can shape legal rulings, influence policy commitments, and inform public opinions. Courts are thus emerging as a key force in ensuring accountability and indirectly promoting cooperation when political and diplomatic negotiations fall short. In a landmark advisory opinion issued on July 23, 2025, the International Court of Justice affirmed that countries have a legal obligation under international law to prevent significant harm to the climate system, emphasising the duty to act collectively and urgently. "This strengthens and underscores the growing role of courts in enforcing climate justice," says Robiou du Pont.

Paying the debt

Solving the climate crisis is a moral imperative long identified by climate justice activists and scholars. Practically, we are observing that the lack of fair efforts by countries with the greatest capacity and responsibility to act and provide finance, results in insufficient action globally. A fairer allocation of effort is likely to results in more ambitious outcomes globally. This study explains how immediate climate efforts and finance are key to align with international agreements to limiting global warming.
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Overworked neurons burn out and fuel Parkinson's disease | ScienceDaily
Certain brain cells are responsible for coordinating smooth, controlled movements of the body. But when those cells are constantly overactivated for weeks on end, they degenerate and ultimately die. This new observation made by scientists at Gladstone Institutes may help explain what goes awry in the brains of people with Parkinson's disease.


						
Researchers have long known that a particular subset of neurons die as Parkinson's disease progresses, but they aren't sure why. The new work, published in the scientific journal eLife, shows that in mice, chronic activation of these neurons can directly cause their demise. The scientists hypothesize that in Parkinson's, neuron overactivation could be triggered by a combination of genetic factors, environmental toxins, and the need to compensate for other neurons that are lost.

"An overarching question in the Parkinson's research field has been why the cells that are most vulnerable to the disease die," says Gladstone Investigator Ken Nakamura, MD, PhD, who led the study. "Answering that question could help us understand why the disease occurs and point toward new ways to treat it."

Too Much Buzz

More than 8 million people worldwide are living with Parkinson's disease, a degenerative brain disease that causes tremors, slowed movement, stiff muscles, and problems walking and balancing.

Scientists know that a set of neurons that produce dopamine and support voluntary movements die in people with Parkinson's. Many lines of evidence also suggest that the activity of these cells actually increases with disease, both before and after degeneration begins. But whether this change in activity can directly cause cell death is poorly understood.

In the new study, Nakamura and his colleagues tackled this question by introducing a receptor specifically into dopamine neurons in mice that allowed them to increase the cells' activity by treating the animals with a drug, clozapin-N-oxide (CNO). Uniquely, the scientists added CNO to the animals' drinking water, driving chronic activation of the neurons.




"In previous work, we and others have transiently activated these cells with injections of CNO or by other means, but that only led to short bursts of activation," says Katerina Rademacher, a graduate student in Nakamura's lab and first author of the study. "By delivering CNO through drinking water, we get a relatively continuous activation of the cells, and we think that's important in modeling what happens in people with Parkinson's disease."

Within a few days of overactivating dopamine neurons, the animals' typical cycle of daytime and nighttime activities became disrupted. After one week, the researchers could detect degeneration of the long projections (called axons) extending from some dopamine neurons. By one month, the neurons were beginning to die.

Importantly, the changes mostly affected one subset of dopamine neurons -- those found in the region of the brain known as the substantia nigra, which is responsible for movement control -- while sparing dopamine neurons in brain regions responsible for motivation and emotions. This is the same pattern of cellular degeneration seen in people with Parkinson's disease.

A Link to Human Disease

To gain insight into why overactivation leads to neuronal degeneration, the researchers studied the molecular changes that occurred in the dopamine neurons before and after the overactivation. They showed that overactivation of the neurons led to changes in calcium levels and in the expression of genes related to dopamine metabolism.

"In response to chronic activation, we think the neurons may try to avoid excessive dopamine -- which can be toxic -- by decreasing the amount of dopamine they produce," Rademacher explains. "Over time, the neurons die, eventually leading to insufficient dopamine levels in the brain areas that support movement."

When the researchers measured the levels of genes in brain samples from patients with early-stage Parkinson's, they found similar changes; genes related to dopamine metabolism, calcium regulation, and healthy stress responses were turned down.

The research did not reveal why activity of the dopamine neurons might increase with Parkinson's disease, but Nakamura hypothesizes that there could be multiple causes, including genetic and environmental factors. The overactivity could also be part of a vicious cycle initiated early in disease. As dopamine neurons become overactive, they gradually shut down dopamine production, which worsens movement problems. Remaining neurons work even harder to compensate, ultimately leading to cell exhaustion and death.

"If that's the case, it raises the exciting possibility that adjusting the activity patterns of vulnerable neurons with drugs or deep brain stimulation could help protect them and slow disease progression," Nakamura says.
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Hidden viruses in our DNA could be medicine's next big breakthrough | ScienceDaily
You are mostly but not entirely human. If we crunch the numbers, 8 percent of your genome actually comes from viruses that got stranded there. This viral detritus is a souvenir from our evolutionary past, a reminder that viruses have been with us from the very beginning.


						
Usually, this 8 percent of your DNA -- the viral bits -- are kept silent. Scientists call it part of the "dark matter" in your genome.

Now scientists at La Jolla Institute for Immunology (LJI) have published a first look at a key viral protein. In a study published in Science Advances, LJI researchers revealed the first three-dimensional structure of a protein from one of these ancient "human endogenous retroviruses (HERVs)."

The team mapped the surface envelope glycoprotein (Env), the antibody target of the most active HERV, marking a milestone in structural biology. "This is the first human HERV protein structure ever solved -- and only the third retroviral envelope structure solved overall, after human immunodeficiency virus (HIV) and simian immunodeficiency virus (SIV)," says Erica Ollmann Saphire, Ph.D., MBA, LJI President, CEO, and Professor.

This discovery opens the door to new strategies for diagnosing and treating disease. Back in the evolutionary past, HERV-K Env proteins studded the outside of the HERV-K retroviruses. But in modern humans, HERV-K Env proteins show up on the surface of certain tumor cells and in patients with autoimmune and neurodegenerative diseases, making them a valuable target for developing novel diagnostics and therapies.

"In many disease states, like autoimmune diseases and cancer, these genes re-awaken and start making pieces of these viruses," says Saphire. "Understanding the HERV-K Env structure, and the antibodies we now have, opens up diagnostic and treatment opportunities."

An unexpected "twist"

Until now, HERV proteins had been invisible. They've proven too mobile -- and too twitchy -- to be seen with even the most sophisticated imaging techniques. Solving the structure of HERV-K Env was especially challenging because the LJI team needed to capture the protein's delicate "pre-fusion" state.




Envelope proteins are full of potential energy -- they're essentially spring-loaded to merge with a host cell to start the infection process. This means pre-fusion proteins are prone to spontaneous switching to their later, post-fusion state. "You can look at them funny, and they'll unfold," says LJI Postdoctoral Fellow Jeremy Shek, who spearheaded the study as co-first author with LJI Postdoctoral Fellow Chen Sun, Ph.D.

To study the three-dimensional structure of HERV-K Env, the researchers introduced small substitutions to lock the protein's structure in place, while preserving its natural shape. Saphire and her team have used this approach before to reveal the structures of key proteins on Ebola virus, Lassa virus, and more. The researchers also discovered and characterized specific antibodies that helped anchor different versions of the viral proteins.

After stabilizing their HERV-K Env structures, the LJI team used a high-resolution imaging technique called cryo-electron microscopy to capture 3D images of HERV-K Env at three key moments: cell surface, in the act of driving infection, and when it locks together with antibodies.

Many viral envelope glycoproteins have a trimer structure, but HERV-K Env is different from anything scientists had seen before, including trimers from other retroviruses. Unlike the shorter, squatter trimers made by HIV and SIV, the HERV-K Env is tall and lean. Further, the protein's fold -- the weaving together of strands and coils that build the working machine -- is unlike any other retrovirus.

A new path for clinical research

The new LJI study opens the door to using HERV-K Env to our advantage. Understanding the HERV-K Env structure, and how antibodies target it, may prove useful for developing diagnostic tools or new therapeutics.




For example, many types of cancer cells -- from breast cancers to ovarian cancers -- but not healthy cells, are dotted with HERV-K Env proteins. This means antibodies against HERV could distinguish cancer cells from healthy cells. As Sun explains, scientists could develop cancer immunotherapies that zero in on HERV-K Env to track down tumor cells. "We can use it as a strategy to specifically target cancer cells," says Sun.

People with autoimmune diseases such as lupus or rheumatoid arthritis also express HERV-K Env on their cells. Some scientists suspect that patients' immune cells see these strange proteins and think the body is under attack. Just like during a normal viral infection, their B cells start making antibodies against HERV-K Env proteins.

"Understanding how antibodies recognize these proteins was challenging because there was no structure and precious few good antibodies yet available," says Saphire.

So the LJI team made their own panel of antibodies to reveal how the immune system can target the different subunits of the molecule in all its different shapes. Once scientists understand how these antibody attacks work, they can try to intervene and stop harmful inflammation.

The scientists also tested the idea that their antibodies may also be useful tools for diagnosing many autoimmune diseases. They used the antibodies to try and hunt down immune cells in samples from patients with rheumatoid arthritis and lupus. When Saphire and her colleagues tagged these antibodies with a molecular flag, they were able to quickly detect HERV-K Env on neutrophils, a type of immune cell that can cause inflammation.

"These antibodies marked aberrant HERV display on neutrophils from rheumatoid arthritis and lupus patients, but not healthy controls," says Saphire.

The interest in HERVs is quickly growing, and scientists are finding more and more diseases where HERV-K Env crops up. "We can really pick whatever disease we're interested in and go down that route," says Shek.

These projects may someday advance clinical care -- and our fundamental understanding of human biology. After all, we're all part virus. It's time to get to know that part of ourselves.

Additional authors of the study, "Human endogenous retrovirus K (HERV-K) envelope structures in pre- and postfusion by cryo-EM," were Elise M. Wilson, Fatemeh Moadab, Kathryn M. Hastie, Roshan R. Rajamanickam, Patrick J. Penalosa, Stephanie S. Harkins, Diptiben Parekh, Chitra Hariharan, Dawid S. Zyla, Cassandra Yu, Kelly C.L. Shaffer, Victoria I. Lewis, Ruben Diaz Avalos, and Tomas Mustelin,

This study was supported by a Curebound Discovery Grant (13502-01-000-408) and by LJI & Kyowa Kirin, Inc. (KKNA-Kyowa Kirin North America; and a Kirin North America Accelerator Grant [18030-01-000-408]).
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Warped planet nurseries rewrite the rules of how worlds are born | ScienceDaily
The textbook picture of how planets form - serene, flat discs of cosmic dust - has just received a significant cosmic twist. New research, published in the Astrophysical Journal Letters, is set to reshape this long-held view. An international team of scientists, wielding the formidable power of the Atacama Large Millimeter/submillimeter Array (ALMA), has found compelling evidence that many protoplanetary discs, the very birthplaces of planets, are in fact subtly warped.


						
These slight bends and twists in the disc plane, often just a few degrees, bear a striking resemblance to the subtle tilts observed among the planets in our own Solar System. This discovery suggests the initial conditions for planetary systems might be far less orderly than previously thought, with profound implications for how planets grow and settle into their final orbits.

Dr Andrew Winter, the lead author of the study from Queen Mary University of London where he is Royal Society University Research Fellow in astronomy, said: "Our results suggest that protoplanetary discs are slightly warped. This would be quite a change in how we understand these objects and has many consequences for how planets form. Particularly interesting is that the couple of degree warping is similar to the differences in inclination between our own Solar System planets."

Dr Myriam Benisty, director of the Planet and Star Formation Department at the Max Planck Institute for Astronomy said,"exoALMA has revealed large scale structures in the planet forming discs that were completely unexpected. The warp-like structures challenge the idea of orderly planet formation and pose a fascinating challenge for the future.

To uncover these subtle twists, the team meticulously analysed Doppler shifts - tiny changes in the radio waves emitted by carbon monoxide (CO) molecules swirling within the discs. These shifts act like a cosmic speedometer, revealing the gas's exact motion. As part of a major ALMA program called exoALMA, researchers used this flagship observatory to map the gas's velocity across each disc in unprecedented detail. By carefully modelling these intricate patterns, they were able to detect when different regions of a disc were slightly tilted, thus revealing the warps.

"These modest misalignments may be a common outcome of star and planet formation," Dr Winter added, noting the intriguing parallel with our own Solar System. The research not only provides a fresh perspective on the mechanics of planet formation but also raises new questions about why these discs are warped - a mystery the team is eager to unravel.

Is it the gravitational pull of unseen companion stars, or perhaps the chaotic dance of gas and dust that twists these stellar cradles? The findings show that these subtle disc warps, often tilting by as little as half a degree to two degrees, can naturally explain many of the prominent large-scale patterns observed in the gas's motion across the discs. They even suggest these warps could be responsible for creating intriguing spiral patterns and slight temperature variations within these cosmic nurseries.

If these warps are a key driver of how gas moves within the disc, it profoundly changes our understanding of critical processes like turbulence and how material is exchanged - ultimately dictating how planets form and settle into their final orbits. Intriguingly, the nature of these warps appears to be connected to how much material the young star is actively drawing in towards its center. This hints at a dynamic link between the disc's innermost regions, where the star is fed, and its outer, planet-forming areas.

This discovery offers a thrilling glimpse into the complex and often surprising realities of planet formation, fundamentally changing our cosmic blueprint and opening new avenues for understanding the diverse worlds beyond our Sun.

This research was conducted by the 'exoALMA' collaboration that is an international collaboration of institutions including the Max-Planck Institute for Astronomy (MPIA), University of Florida, Leiden Observatory (Leiden University), European Southern Observatory, Universita degli Studi di Milano, Massachusetts Institute of Technology, Center for Astrophysics | Harvard & Smithsonian, Univ. Grenoble Alpes, Universidad de Chile, University of St. Andrews, Universite Cote d'Azur, The University of Georgia, Monash University, University of Leeds, National Astronomical Observatory of Japan, University of Cambridge, Ibaraki University, Academia Sinica Institute of Astronomy & Astrophysics, The Graduate University for Advanced Studies (SOKENDAI), Wesleyan University, and The Pennsylvania State University.
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A simple metal could solve the world's plastic recycling problem | ScienceDaily
The future of plastic recycling may soon get much less complicated, frustrating and tedious.


						
In a new study, Northwestern University chemists have introduced a new plastic upcycling process that can drastically reduce -- or perhaps even fully bypass -- the laborious chore of pre-sorting mixed plastic waste.

The process harnesses a new, inexpensive nickel-based catalyst that selectively breaks down polyolefin plastics consisting of polyethylenes and polypropylenes -- the single-use kind that dominates nearly two-thirds of global plastic consumption. This means industrial users could apply the catalyst to large volumes of unsorted polyolefin waste.

When the catalyst breaks down polyolefins, the low-value solid plastics transform into liquid oils and waxes, which can be upcycled into higher-value products, including lubricants, fuels and candles. Not only can it be used multiple times, but the new catalyst can also break down plastics contaminated with polyvinyl chloride (PVC), a toxic polymer that notoriously makes plastics "unrecyclable."

The study was published on Sept. 2 in the journal Nature Chemistry.

"One of the biggest hurdles in plastic recycling has always been the necessity of meticulously sorting plastic waste by type," said Northwestern's Tobin Marks, the study's senior author. "Our new catalyst could bypass this costly and labor-intensive step for common polyolefin plastics, making recycling more efficient, practical and economically viable than current strategies."

"When people think of plastic, they likely are thinking about polyolefins," said Northwestern's Yosi Kratish, a co-corresponding author on the paper. "Basically, almost everything in your refrigerator is polyolefin based -- squeeze bottles for condiments and salad dressings, milk jugs, plastic wrap, trash bags, disposable utensils, juice cartons and much more. These plastics have a very short lifetime, so they are mostly single-use. If we don't have an efficient way to recycle them, then they end up in landfills and in the environment, where they linger for decades before degrading into harmful microplastics."

A world-renowned catalysis expert, Marks is the Vladimir N. Ipatieff Professor of Catalytic Chemistry at Northwestern's Weinberg College of Arts and Sciences and a professor of chemical and biological engineering at Northwestern's McCormick School of Engineering. He is also a faculty affiliate at the Paula M. Trienens Institute for Sustainability and Energy. Kratish is a research assistant professor in Marks' group, and an affiliated faculty member at the Trienens Institute. Qingheng Lai, a research associate in Marks' group, is the study's first author. Marks, Kratish and Lai co-led the study with Jeffrey Miller, a professor of chemical engineering at Purdue University; Michael Wasielewski, Clare Hamilton Hall Professor of Chemistry at Weinberg; and Takeshi Kobayashi a research scientist at Ames National Laboratory.




The polyolefin predicament

From yogurt cups and snack wrappers to shampoo bottles and medical masks, most people interact with polyolefin plastics multiple times throughout the day. Because of its versatility, polyolefins are the most used plastic in the world. By some estimates, industry produces more than 220 million tons of polyolefin products globally each year. Yet, according to a 2023 report in the journal Nature, recycling rates for polyolefin plastics are alarmingly low, ranging from less than 1% to 10% worldwide.

The main reason for this disappointing recycling rate is polyolefin's sturdy, stubborn composition. It contains small molecules linked together with carbon-carbon bonds, which are famously difficult to break.

"When we design catalysts, we target weak spots," Kratish said. "But polyolefins don't have any weak links. Every bond is incredibly strong and chemically unreactive."

Problems with current processes

Currently, only a few, less-than-ideal processes exist that can recycle polyolefin. It can be shredded into flakes, which are then melted and downcycled to form low-quality plastic pellets. But because different types of plastics have different properties and melting points, the process requires workers to scrupulously separate various types of plastics. Even small amounts of other plastics, food residue or non-plastic materials can compromise an entire batch. And those compromised batches go straight into the landfill.




Another option involves heating plastics to incredibly high temperatures, reaching 400 to 700 degrees Celsius. Although this process degrades polyolefin plastics into a useful mixture of gases and liquids, it's extremely energy intensive.

"Everything can be burned, of course," Kratish said. "If you apply enough energy, you can convert anything to carbon dioxide and water. But we wanted to find an elegant way to add the minimum amount of energy to derive the maximum value product."

Precision engineering

To uncover that elegant solution, Marks, Kratish and their team looked to hydrogenolysis, a process that uses hydrogen gas and a catalyst to break down polyolefin plastics into smaller, useful hydrocarbons. While hydrogenolysis approaches already exist, they typically require extremely high temperatures and expensive catalysts made from noble metals like platinum and palladium.

"The polyolefin production scale is huge, but the global noble metal reserves are very limited," Lai said. "We cannot use the entire metal supply for chemistry. And, even if we did, there still would not be enough to address the plastic problem. That's why we're interested in Earth-abundant metals."

For its polyolefin recycling catalyst, the Northwestern team pinpointed cationic nickel, which is synthesized from an abundant, inexpensive and commercially available nickel compound. While other nickel nanoparticle-based catalysts have multiple reaction sites, the team designed a single-site molecular catalyst.

The single-site design enables the catalyst to act like a highly specialized scalpel -- preferentially cutting carbon-carbon bonds -- rather than a less controlled blunt instrument that indiscriminately breaks down the plastic's entire structure. As a result, the catalyst allows for the selective breakdown of branched polyolefins (such as isotactic polypropylene) when they are mixed with unbranched polyolefins -- effectively separating them chemically.

"Compared to other nickel-based catalysts, our process uses a single-site catalyst that operates at a temperature 100 degrees lower and at half the hydrogen gas pressure," Kratish said. "We also use 10 times less catalyst loading, and our activity is 10 times greater. So, we are winning across all categories."

Accelerated by contamination

With its single, precisely defined and isolated active site, the nickel-based catalyst possesses unprecedented activity and stability. The catalyst is so thermally and chemically stable, in fact, that it maintains control even when exposed to contaminants like PVC. Used in pipes, flooring and medical devices, PVC is visually similar to other types of plastics but significantly less stable upon heating. Upon decomposition, PVC releases hydrogen chloride gas, a highly corrosive byproduct that typically deactivates catalysts and disrupts the recycling process.

Amazingly, not only did Northwestern's catalyst withstand PVC contamination, PVC actually accelerated its activity. Even when the total weight of the waste mixture is made up of 25% PVC, the scientists found their catalyst still worked with improved performance. This unexpected result suggests the team's method might overcome one of the biggest hurdles in mixed plastic recycling -- breaking down waste currently deemed "unrecyclable" due to PVC contamination. The catalyst also can be regenerated over multiple cycles through a simple treatment with inexpensive alkylaluminium.

"Adding PVC to a recycling mixture has always been forbidden," Kratish said. "But apparently, it makes our process even better. That is crazy. It's definitely not something anybody expected."

The study, "Stable single-site organo-Ni catalyst preferentially hydrogenolyzes branched polyolefin C-C bonds," was supported by the U.S. Department of Energy (award number DE-SC0024448) and The Dow Chemical Company.
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Central Asia's last stable glaciers just started to collapse | ScienceDaily
Too little snowfall is now also shaking the foundations of some of the world's most resilient 'water towers', a new study led by the Pellicciotti group at the Institute of Science and Technology Austria (ISTA) shows. After establishing a monitoring network on a new benchmark glacier in central Tajikistan, the international team of researchers was able to model the entire catchment's behavior from 1999 to 2023. The results, showing decreasing glacier health, were published in Communications Earth & Environment.


						
High-mountain Asia has been nicknamed the Third Pole due to its massive meltwater reserves, which are second only to the Arctic and Antarctic polar caps. In Central Asia, the northwestern Pamir Mountains in Tajikistan have been home to some of the last stable or growing glaciers outside the polar regions. However, between the collapse of the Soviet Union and the return of new monitoring networks, this region has also suffered from a dire lack of observational data for decades.

Researchers from Professor Francesca Pellicciotti's group at the Institute of Science and Technology Austria (ISTA) are contributing to an international effort to address this issue. They teamed up with local researchers in Tajikistan and collaborators in Switzerland, Austria, and France to establish their own climate station on a benchmark catchment and model the glacier's changes over more than two decades. Now, their first joint publication shows evidence that the glacier likely reached its tipping point in 2018.

"Due to the general lack of data and robust future projections in the region, we can't tell yet whether this was truly the 'point of no return' for Pamir glaciers," says the study's first author, Achille Jouberton, a PhD student in the Pellicciotti group at ISTA. "We must keep in mind that this study only considers one specific catchment and extends from 1999 to 2023. However, it is the first study of its kind. Similar efforts will need to address these issues on a larger geographical scale."

Understanding an anomalous state

Climate change has had a substantial impact on glaciers worldwide. While those in the Alps, Andes, and elsewhere in the world have been melting at a disconcerting rate, some glaciers in the Central Asian Pamir and Karakoram mountains were found to be surprisingly stable, possibly even growing. This unexpected and counterintuitive behavior of the glaciers has been termed the Pamir-Karakoram Anomaly. "Central Asia is a semiarid region that is highly dependent on snow and ice melt for downstream water supply," says ISTA Professor Pellicciotti. "But we still do not fully understand the causes of this anomalous glacier state." Are these the last resilient glaciers in the face of climate change?

The team chose to establish their monitoring site on Kyzylsu Glacier in the northwestern Pamir, in central Tajikistan. This climate station is situated at an elevation of just below 3400 meters above sea level in a country where half of the territory rises above 3000 meters. "Kyzylsu is becoming a benchmark monitoring site due to the various observational sites recently established on and around the glacier," explains Jouberton. There, the researchers aim to start to shed light on the glaciers' anomalous behavior in the region.




"The challenge is that there is almost no data at all."

Since setting up their monitoring network at the Kyzylsu catchment in 2021, the team has collected extensive data about snowfall and water resources in the area. Using these observations and climate reanalysis data as inputs to their computational models, they were able to simulate the glacier's behavior from 1999 to 2023. "We modeled the catchment's climate, its snowpack, the glacier mass balances, and the water movements," says Jouberton. "But whichever way we analyzed the model, we saw an important tipping point in 2018 at the latest. Since then, the decreased snowfall has changed the glacier's behavior and affected its health."

In fact, the glacier ice melt has increased, compensating for around a third of the lost water resources from reduced precipitation. Therefore, it seems the anomalous phase of the glacier's relative stability in the face of climate change has reached its end.

The researchers used computational models driven by their critically important, new local observations. However, observational data alone would not have answered all questions, even if dense coverage was provided. "We need models and simulations anyway in our work, from the bottom of the valley to the top of the glacier. Even in Europe and Canada, where the monitoring networks are much more extensive, climate stations remain small, localized points on the map," says Jouberton. "But the challenge in the Pamir region is that there is almost no data at all." Therefore, the researchers have to densify the observational mesh. "In light of all these challenges, we are not sure how accurate the input to the model is. But since it performed well against independent observations, we are quite confident about the output. Our work is a first step in the right direction."

Backpacks loaded with precious equipment

Since establishing the collaboration in 2021, while the Pellicciotti group was located at the Swiss Federal Institute for Forest, Snow and Landscape Research (WSL), the researchers have visited Tajikistan seven times. "We've planned field trips every summer with the local research institutes in Dushanbe and hiked with our backpacks loaded with precious equipment to set camp in remote mountains, cut off from the world. Having local scientists as part of the field trip not only favors close collaboration and scientific exchange but also helps us overcome the language barrier while interacting with the local inhabitants who depend on the glaciers," says Jouberton.




2025 marks a milestone as this summer's field trip was the last one within the project's current funding period. Among this year's goals were updating and automating the monitoring networks to ensure they remain functional for decades to come. By also sharing essential knowledge about the equipment's maintenance with local inhabitants, they hope to make their work more sustainable and reduce the need for frequent field trips. Up to now, they had to travel to exchange the equipment's internal batteries, maintain the stations' functionality, and collect their data using USB sticks.

Considerable local impact

The team's work relies on close cooperation with the locals. "The shepherds know us. They see us every year and often invite us for lunch. They know where we set up our stations and do their best to ensure that nothing disturbs the measurements," says Jouberton. The team discusses the data with the locals, shares information, and works in the wilderness amid the local inhabitants, their children, and livestock. Frequently, the locals report events that have happened in the mountains. "It is impressive to hear the locals tell us about things we only saw in satellite data. This gives a real and personal impact to our work."

The Kyzylsu catchment contributes to the drainage basin of the Amu Darya, one of the major rivers in Central Asia, whose water originates almost entirely from glaciers. The Amu Darya is also a former inflow of the now mostly dried-up Aral Sea. This inland sea has suffered from the ongoing decades-long diversion of its two main inflow rivers, the Amu Darya to the south and the Syr Darya to the northeast, to irrigate cotton fields created in the desert during Soviet times. "But the effects of the glaciers are the strongest in their immediate ecosystems," says Jouberton. "Even though the Kyzylsu Glacier and likely other Pamir glaciers seem to be melting faster and pumping more water into the system, it is unlikely that they will refill what's left of the Aral Sea."

The present study was conducted by researchers from the Pellicciotti group at the Institute of Science and Technology Austria (ISTA), previously at the Swiss Federal Research Institute WSL, Switzerland, in collaboration with scientists from the Institute of Environmental Engineering, ETH Zurich, Switzerland, the University of Zurich, Department of Geography, Glaciology and Geomorphodynamics Group, Switzerland, the Department of Geosciences, University of Fribourg, Switzerland, the Institut des Geosciences de l'Environnement, Universite Grenoble-Alpes, CNRS, IRD, France, the Department of Atmospheric and Cryospheric Sciences, University of Innsbruck, Austria, the Geophysical Institute, University of Alaska Fairbanks, USA, the Center for the Research of Glaciers of the Tajik Academy of Tajikistan, Dushanbe, Tajikistan, and the Mountain Societies Research Institute, University of Central Asia, Dushanbe, Tajikistan.
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Scientists discover how to wipe out breast cancer's hidden cells | ScienceDaily
A first-of-its-kind, federally funded clinical trial has shown it's possible to identify breast cancer survivors who are at higher risk of their cancer coming back due to the presence of dormant cancer cells and to effectively treat these cells with repurposed, existing drugs. The research, led by scientists from the Abramson Cancer Center of the University of Pennsylvania and Penn's Perelman School of Medicine was published today in Nature Medicine.


						
While breast cancer survival continues to improve, thanks to advances in detection and treatment, when breast cancer relapses -- or returns after initial treatment -- it is still incurable. For the 30 percent of women and men who do relapse, the only option is continuous and indefinite treatment which cannot eliminate the cancer completely. Some breast cancers, like triple negative and HER2+, recur within a few years, and others like ER+ can recur decades later. Until now, there has not been a way to identify those breast cancer survivors who harbor the dormant cells that lead to recurrence in real time and to intervene with a treatment that can prevent incurable relapse.

In a randomized phase II clinical trial with 51 breast cancer survivors, existing drugs were able to clear dormant tumor cells from 80 percent of the study participants. The three-year survival rate without any disease recurrence was above 90 percent in patients who received one drug and 100 percent for patients who received both study drugs.

"The lingering fear of cancer returning is something that hangs over many breast cancer survivors after they celebrate the end of treatment," said principal investigator Angela DeMichele, MD, MSCE, FASCO, the Mariann T. and Robert J. MacDonald Professor in Breast Cancer Research. "Right now, we just don't know when or if someone's cancer will come back -- that's the problem we set out to solve. Our study shows that preventing recurrence by monitoring and targeting dormant tumor cells is a strategy that holds real promise, and I hope it ignites more research in this area."

Seizing a window of opportunity to wipe out cancer while it's sleeping 

The study builds on previous research that showed how dormant tumor cells continue to lay in wait in some patients after breast cancer treatment. These so-called "sleeper cells," also referred to as minimal residual disease (MRD), can reactivate years or even decades later. Because they are not "active" cancer cells and can be scattered throughout the body, they do not show up on standard imaging tests that are used to watch for breast cancer recurrence.

Once the sleeper cells begin to expand and circulate in the bloodstream, it can lead to the spread of metastatic breast cancer. Patients who have MRD are more likely to experience breast cancer recurrence and have decreased overall survival.




Lewis Chodosh, MD, PhD, chair of Cancer Biology and senior author of the study, previously led research to identify the pathways that allow dormant tumor cells to survive in patients for decades.

"Our research shows that this sleeper phase represents an opportunity to intervene and eradicate the dormant tumor cells before they have the chance to come back as aggressive, metastatic disease," Chodosh said. "Surprisingly, we've found that certain drugs that don't work against actively growing cancers can be very effective against these sleeper cells. This tells us that the biology of dormant tumor cells is very different from active cancer cells."

In the preclinical part of the latest research publication, Chodosh's team conducted a series of experiments in mice to better understand the underlying mechanisms. They showed that two different drugs -- approved by the FDA to treat other conditions -- could effectively clear MRD in mice, resulting in longer survival without cancer recurrence. The drugs target autophagy and mTOR signaling, which the researchers found were key mechanisms to allow the tumor cells to remain dormant.

Translating science into original clinical trials 

DeMichele's team first enrolled breast cancer survivors who had completed treatment within the last five years and had clear scans into a screening study that looked for dormant tumor cells in participant's bone marrow.

If dormant tumor cells were found, patients were then eligible to enroll in the Phase II CLEVER clinical trial, which randomized patients to receive six cycles of either monotherapy with one of two study drugs, or combination therapy with both drugs. The treatment cleared dormant tumor cells in most patients after six to 12 months. After a median follow-up time of 42 months, only two patients on the study have experienced a cancer recurrence.

"We want to be able to give patients a better option than 'wait and see' after they complete breast cancer treatment," DeMichele said. "We're encouraged by these results that we're on the right track."

The team is already enrolling patients in two larger, ongoing studies to confirm and extend the results of the CLEVER study: the Phase II ABBY clinical trial and the Phase II PALAVY clinical trial, available at several cancer centers across the country. Patients interested in learning more about these or other breast cancer clinical trials at Penn Medicine should contact [email protected].

The research was made possible with funding from the National Cancer Institute (R01CA208273) and Department of Defense (BC160784), with additional support from the V Foundation, Breast Cancer Research Foundation, QVC "Shoes on Sale," Avon Foundation, Raynier Institute & Foundation, and generous philanthropic donations. DeMichele previously reported interim outcomes data from the study at the European Society for Medical Oncology (ESMO) Congress 2023.
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Why Alzheimer's attacks the brain's memory hub first | ScienceDaily
One of the first parts of the brain affected by Alzheimer's disease is the entorhinal cortex -- a region that plays a big role in memory, spatial navigation, and the brain's internal mapping system.


						
With support from the Commonwealth of Virginia's Alzheimer's and Related Diseases Research Award Fund (ARDRAF), Fralin Biomedical Research Institute at VTC scientists Sharon Swanger and Shannon Farris are working to understand why this area is especially vulnerable.

Swanger studies how brain cells communicate across synapses in disease-susceptible brain circuits, while Farris focuses on how different circuits in the brain's memory center function at the molecular level. Their overlapping expertise made the collaboration a natural fit.

"We've both been studying how circuits differ at the molecular level for a while," said Swanger, an assistant professor at the research institute. "This new collaborative project brings together my work on synapses and Shannon's on mitochondria in a way that addresses a big gap in the Alzheimer's disease field."

"This kind of state-level support is critical," Farris said. "It gives researchers in Virginia the chance to ask questions that may eventually make a difference for people living with Alzheimer's. It's meaningful to be part of research that could help people facing that journey."

A key focus of their research is mitochondria -- tiny structures inside brain cells that provide the energy needed for a variety of cellular functions in neurons including synaptic transmission. In Alzheimer's disease, mitochondria stop working properly in the course of the disease.

Farris and Swanger are investigating whether mitochondria in a vulnerable memory-related circuit may become overloaded with calcium, a key signaling chemical for multiple neuronal and synaptic processes. That overload could contribute to the early breakdown of memory circuits.

"The connection between these cells is one of the first to fail in Alzheimer's," Farris said. "We found that this synapse has unusually strong calcium signals in nearby mitochondria -- so strong we can see them clearly under a light microscope. Those kinds of signals are hard to ignore. It gives us a model where we can really watch what's happening as things start to go wrong."

To test their hypothesis, the researchers will study brain tissue from healthy mice and mice with certain aspects of Alzheimer's pathology. By comparing how mitochondria function and how brain cells communicate across synapses in each group, they hope to find early signs of stress or failure in the entorhinal cortex-hippocampus circuit.

Swanger and Farris are members of the Fralin Biomedical Research Institute's Center for Neurobiology Research and also faculty in the Department of Biomedical Sciences and Pathobiology of the Virginia-Maryland College of Veterinary Medicine.
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Distant suns covered in dark spots could shape the search for life | ScienceDaily
Scientists have devised a new method for mapping the spottiness of distant stars by using observations from NASA missions of orbiting planets crossing their stars' faces. The model builds on a technique researchers have used for decades to study star spots.


						
By improving astronomers' understanding of spotty stars, the new model -- called StarryStarryProcess -- can help discover more about planetary atmospheres and potential habitability using data from telescopes like NASA's upcoming Pandora mission.

"Many of the models researchers use to analyze data from exoplanets, or worlds beyond our solar system, assume that stars are uniformly bright disks," said Sabina Sagynbayeva, a graduate student at Stony Brook University in New York. "But we know just by looking at our own Sun that stars are more complicated than that. Modeling complexity can be difficult, but our approach gives astronomers an idea of how many spots a star might have, where they are located, and how bright or dark they are."

A paper describing StarryStarryProcess, led by Sagynbayeva, published on August 25, in The Astrophysical Journal.

NASA's TESS (Transiting Exoplanet Survey Satellite) and now-retired Kepler Space Telescope were designed to identify planets using transits, dips in stellar brightness caused when a planet passes in front of its star.

These measurements reveal how the star's light varies with time during each transit, and astronomers can arrange them in a plot astronomers call a light curve. Typically, a transit light curve traces a smooth sweep down as the planet starts passing in front of the star's face. It reaches a minimum brightness when the world is fully in front of the star and then rises smoothly as the planet exits and the transit ends.

By measuring the time between transits, scientists can determine how far the planet lies from its star and estimate its surface temperature. The amount of missing light from the star during a transit can reveal the planet's size, which can hint at its composition.




Every now and then, though, a planet's light curve appears more complicated, with smaller dips and peaks added to the main arc. Scientists think these represent dark surface features akin to sunspots seen on our own Sun -- star spots.

The Sun's total number of sunspots varies as it goes through its 11-year solar cycle. Scientists use them to determine and predict the progress of that cycle as well as outbreaks of solar activity that could affect us here on Earth.

Similarly, star spots are cool, dark, temporary patches on a stellar surface whose sizes and numbers change over time. Their variability impacts what astronomers can learn about transiting planets.

Scientists have previously analyzed transit light curves from exoplanets and their host stars to look at the smaller dips and peaks. This helps determine the host star's properties, such as its overall level of spottiness, inclination angle of the planet's orbit, the tilt of the star's spin compared to our line of sight, and other factors. Sagynbayeva's model uses light curves that include not only transit information, but also the rotation of the star itself to provide even more detailed information about these stellar properties.

"Knowing more about the star in turn helps us learn even more about the planet, like a feedback loop," said co-author Brett Morris, a senior software engineer at the Space Telescope Science Institute in Baltimore. "For example, at cool enough temperatures, stars can have water vapor in their atmospheres. If we want to look for water in the atmospheres of planets around those stars -- a key indicator of habitability -- we better be very sure that we're not confusing the two."

To test their model, Sagynbayeva and her team looked at transits from a planet called TOI 3884 b, located around 141 light-years away in the northern constellation Virgo.




Discovered by TESS in 2022, astronomers think the planet is a gas giant about five times bigger than Earth and 32 times its mass.

The StarryStarryProcess analysis suggests that the planet's cool, dim star -- called TOI 3384 -- has concentrations of spots at its north pole, which also tips toward Earth so that the planet passes over the pole from our perspective.

Currently, the only available data sets that can be fit by Sagynbayeva's model are in visible light, which excludes infrared observations taken by NASA's James Webb Space Telescope. But NASA's upcoming Pandora mission will benefit from tools like this one. Pandora, a small satellite developed through NASA's Astrophysics Pioneers Program, will study the atmospheres of exoplanets and the activity of their host stars with long-duration multiwavelength observations. The Pandora mission's goal is to determine how the properties of a star's light differs when it passes through a planet's atmosphere so scientists can better measure those atmospheres using Webb and other missions.

"The TESS satellite has discovered thousands of planets since it launched in 2018," said Allison Youngblood, TESS project scientist at NASA's Goddard Space Flight Center in Greenbelt, Maryland. "While Pandora will study about 20 worlds, it will advance our ability to pick out which signals come from stars and which come from planets. The more we understand the individual parts of a planetary system, the better we understand the whole -- and our own."
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NASA's SPHEREx Captures Comet 3I/ATLAS, a Visitor From Beyond the Solar System | ScienceDaily

									NASA. "NASA's SPHEREx Captures Comet 3I/ATLAS, a Visitor From Beyond the Solar System." ScienceDaily. ScienceDaily, 2 September 2025. <www.sciencedaily.com/releases/2025/09/250902084959.htm>.

									NASA. (2025, September 2). NASA's SPHEREx Captures Comet 3I/ATLAS, a Visitor From Beyond the Solar System. ScienceDaily. Retrieved September 2, 2025 from www.sciencedaily.com/releases/2025/09/250902084959.htm

									NASA. "NASA's SPHEREx Captures Comet 3I/ATLAS, a Visitor From Beyond the Solar System." ScienceDaily. www.sciencedaily.com/releases/2025/09/250902084959.htm (accessed September 2, 2025).
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					Webb, Hubble, and SPHEREx are joining forces to study the interstellar comet 3I/ATLAS, revealing details about its structure and chemistry. The comet isn't dangerous, but it's offering scientists a rare chance to explore material from outside our solar system.
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[image: Webb Observes Interstellar Comet 3I/ATLAS]
 NASA's James Webb Space Telescope has captured detailed observations of interstellar comet 3I/ATLAS, working in tandem with other missions like Hubble and SPHEREx to uncover the comet's size, makeup, and physical traits. Credit: NASA/James Webb Space Telescope

 





						NASA's James Webb Space Telescope observed interstellar comet 3I/ATLAS Aug. 6, with its Near-Infrared Spectrograph instrument. The research team has been analyzing insights from Webb's data, and a preprint is available online. Webb is one of NASA's space telescopes observing this comet, together providing more information about its size, physical properties, and chemical makeup. For example, NASA's Hubble Space Telescope and the recently launched SPHEREx mission have also observed the comet. While the comet poses no threat to Earth, NASA's space telescopes help support the agency's ongoing mission to find, track, and better understand solar system objects.
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Study finds cannabis improves sleep where other drugs fail | ScienceDaily
Insomnia patients taking cannabis-based medical products reported better quality sleep after up to 18 months of treatment, according to a study published August 27 in the open-access journal PLOS Mental Health by Arushika Aggarwal from Imperial College London, U.K., and colleagues.


						
About one out of every three people has some trouble getting a good night's rest, and 10 percent of adults meet the criteria for an insomnia disorder. But current treatments can be difficult to obtain, and the drugs approved for insomnia run the risk of dependence. To understand how cannabis-based medical products might affect insomnia symptoms, the authors of this study analyzed a set of 124 insomnia patients taking medical cannabis products. They examined the patient's reports of their sleep quality, anxiety/depression, and quality of life changes between one and 18 months of treatment.

The patients reported improved sleep quality that lasted over the 18 months of treatment. They also showed significant improvements in anxiety/depression as well as reporting less pain. About nine percent of the patients reported adverse effects such as fatigue, insomnia, or dry mouth, but none of the side effects were life-threatening. While randomized controlled trials will be needed to prove that the products are safe and effective, the authors suggest that cannabis-based medical products could improve sleep quality in insomnia patients.

Co-author Dr. Simon Erridge, Research Director at Curaleaf Clinic, summarizes: "Over an 18-month period, our study showed that treatment for insomnia with cannabis-based medicinal products was associated with sustained improvements in subjective sleep quality and anxiety symptoms. These findings support the potential role of medical cannabis as a medical option where conventional treatments have proven ineffective, though further randomised trials are needed to confirm long-term efficacy."

He adds: "Conducting this long-term study provided valuable real-world evidence on patient outcomes that go beyond what we typically see in short-term trials. It was particularly interesting to observe signs of potential tolerance over time, which highlights the importance of continued monitoring and individualized treatment plans."
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Scientists reveal how breathwork unlocks psychedelic bliss in the brain | ScienceDaily
Breathwork while listening to music may induce a blissful state in practitioners, accompanied by changes in blood flow to emotion-processing brain regions, according to a study published August 27, 2025, in the open-access journal PLOS One by Amy Amla Kartar from the Colasanti Lab in the Department of Clinical Neuroscience at Brighton and Sussex Medical School, U.K., and colleagues. These changes occur even while the body's stress response may be activated and are associated with reporting reduced negative emotions.


						
The popularity of breathwork as a therapeutic tool for psychological distress is rapidly expanding. Breathwork practices that increase ventilatory rate or depth, accompanied by music, can lead to altered states of consciousness (ASCs) similar to those evoked by psychedelic substances. High ventilation breathwork (HVB) might offer a non-pharmacological alternative, with fewer legal and ethical restrictions to large-scale adoption in clinical treatment. However, the neurobiological mechanisms and subjective experience underlying ASCs induced by HVB have not been studied extensively.

To fill this knowledge gap, Kartar and colleagues characterized ASCs induced by HVB in experienced practitioners by analyzing self-reported data from 15 individuals who participated online, 8 individuals who participated in the lab, and 19 individuals who underwent magnetic resonance imaging. Their task consisted of a 20- to 30-minute session of cyclic breathing without pausing while listening to music, followed by a series of questionnaires within 30 minutes of finishing the breathwork session.

The results showed that the intensity of ASCs evoked by HVB was proportional to cardiovascular sympathetic activation, as indicated by a decrease in heart rate variability, indicating a potential stress response. In addition, HVB-evoked ASCs were associated with a profound decrease in blood flow to the left operculum and posterior insula - brain regions implicated in representing the internal state of the body, including breathing. Also, despite HVB causing large and global reductions in blood flow to the brain, there was a progressive increase in blood flow during the session to the right amygdala and anterior hippocampus, which are brain regions involved in the processing of emotional memories. These blood flow changes correlated with psychedelic experiences, demonstrating that these alterations may underlie the positive effects of this breathwork.

During all experimental sessions, participants reported a reduction in fear and negative emotions, with no adverse reactions. Across participants and experimental settings, HVB reliably enhanced ASCs dominated by Oceanic Boundlessness (OBN), which is a term coined by Freud in 1920 that describes a set of related feelings including spiritual experience, insightfulness, blissful state, positively experienced depersonalization, and the experience of unity. OBN is considered as a defining aspect of ASCs evoked by psychedelic substances, such as psilocybin.

According to the authors, their study was novel and exploratory and requires replication by future research including larger sample sizes and a control group to separate the effects of music on the brain. Despite these limitations, the findings provide a better understanding of HVB and direct research to investigate its therapeutic applications.

The authors add: "Our research is the first to use neuroimaging to map the neurophysiological changes that occur during breathwork. Our key findings include that breathwork can reliably evoke profound psychedelic states. We believe that these states are linked to changes in the function of specific brain regions involved in self-awareness, and fear and emotional memory processing. We found that more profound changes in blood flow in specific brain areas were linked to deeper sensations of unity, bliss, and emotional release, collectively known as "oceanic boundlessness."

Amy Kartar, lead author, adds: "Conducting this research was a fantastic experience. It was thrilling to explore such a novel area - while many people anecdotally recognize the health benefits of breathwork, this style of fast-paced breathing has received very little scientific attention. We are very grateful to our participants for making this work possible."

Dr. Alessandro Colasanti, P.I., adds: "Breathwork is a powerful yet natural tool for neuromodulation, working through the regulation of metabolism across the body and brain. It holds tremendous promise as a transformative therapeutic intervention for conditions that are often both distressing and disabling."
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The midlife crisis is over, but something worse took its place | ScienceDaily
A new survey-based study suggests that the "unhappiness hump" -- a widely documented rise in worry, stress, and depression with age that peaks in midlife and then declines -- may have disappeared, perhaps due to declining mental health among younger people. David Blanchflower of Dartmouth College, U.S., and colleagues present these findings in the open-access journal PLOS One on August 27, 2025.


						
Since 2008, a U-shaped trend in well-being with age, in which well-being tends to decline from childhood until around age 50 before rebounding in old age, has been observed in developed and developing countries worldwide. Data have also revealed a corresponding "ill-being" or unhappiness hump.

Recent data point to a worldwide decline in well-being among younger people, but most studies have not directly addressed potential implications for the unhappiness hump. To help clarify, Blanchflower and colleagues first analyzed data from U.S. and U.K. surveys that included questions about participants' mental health. U.S. data included responses from more than 10 million adults surveyed by the Centers for Disease Control and Prevention between 1993 and 2024. U.K. data spanned 2009 through 2023 and were collected in the ongoing U.K. Household Longitudinal Study, which involves 40,000 households.

The analysis showed that, in the U.S. and the U.K., the ill-being hump has disappeared, such that ill-being / unhappiness now tends to decline over the course of a lifetime. Ill-being among people in their late 40s and older did not change significantly. Instead, the hump's disappearance appears to be due to a decline in mental health among younger people.

Next, the researchers analyzed data on nearly 2 million people from 44 countries, including the U.S. and the U.K., from a mental health study called Global Minds. Covering the years 2020 through 2025, these data suggest the unhappiness hump has disappeared worldwide.

Reasons for the disappearance of the unhappiness hump are unclear. The authors suggest several possibilities, including long-term impacts of the Great Recession on job prospects for younger people, underfunded mental health care services, mental health challenges posed by the COVID-19 pandemic, and increased social media use. Further research is needed to determine whether any of these or other factors are at play.

The authors add: "Ours is the first paper to show that the decline in young people's mental health in recent years means that today, both in the United States and the United Kingdom, mental ill-being is highest among the young and declines with age. This is a huge change from the past when mental ill-being peaked in middle-age. The reasons for the change are disputed but our concern is that today there is a serious mental health crisis among the young that needs addressing."
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Mysterious bone disease ravaged Brazil's giant dinosaurs | ScienceDaily
A set of bones belonging to sauropods, as long-necked dinosaurs are called, found in the municipality of Ibira in the state of Sao Paulo, Brazil, reveals that the region was conducive to a bone disease that was fatal to these animals.


						
Supported by FAPESP, the researchers found signs of osteomyelitis, a bone disease that can be caused by bacteria, viruses, fungi, or protozoa, in the fossils of six individuals from the Cretaceous period, approximately 80 million years ago.

The bones show no signs of regeneration, suggesting that the animals died with the disease still active, probably as a result of it. The study was published in the journal The Anatomical Record.

"There have been few findings of infectious diseases in sauropods, the first having been published recently. The bones we analyzed are very close to each other in time and from the same paleontological site, which suggests that the region provided conditions for pathogens to infect many individuals during that period," says Tito Aureliano, the first author of the study and a researcher at the Regional University of Cariri (URCA) in Crato, in the Brazilian state of Ceara.

One of the lesions was confined to the marrow. The other bones, which were also found between 2006 and 2023 at the Vaca Morta site, have lesions that extend from the marrow to the outer part. These lesions have a spongy texture, indicating vascularization in the region. This texture differentiates the lesions from other pathologies that can affect bone tissue, such as osteosarcoma and bone neoplasia, two types of cancer.

There were no signs of healing, which is when the bone tissue lost in the lesion is replaced by new tissue. This sign of regeneration is quite common in the fossil record of bones affected by bites from other dinosaurs.

Analysis

The study was supported by the Institute for the Study of Parasitic Hymenoptera in the Brazilian Southeast Region (HYMPAR), which is a National Institute of Science and Technology (INCT) supported by the National Council for Scientific and Technological Development (CNPq) and FAPESP.




At IEHYPA-Sudeste, which is coordinated by Angelica Maria Penteado Martins Dias, a professor at the Federal University of Sao Carlos (UFSCar), researchers analyzed the bones using a scanning electron microscope (SEM) and a stereomicroscope.

Three previously unknown manifestations of osteomyelitis were identified in the fossils. One set contained small protrusions, bone elevations, or "bumps" in a circular shape.

Other protrusions had a pattern similar to fingerprints and were elliptical in shape. Finally, a third set had round, wide marks that were larger than all the others. "These lesions could connect with muscles and skin and become exposed, oozing blood or pus," explains Aureliano.

It was impossible to determine exactly which bones were analyzed; however, it was known that one was a rib and the rest were from the lower limbs of small and giant species. It was also not possible to identify the cause of the infections.

In a 2021 study published in Cretaceous Research, researchers described the first case of bone infection caused by a blood parasite resulting in osteomyelitis. The bones in that case were from a small sauropod species, Ibirania parva, which was found in the same location as the fossils analyzed now.

The region, known as the Sao Jose do Rio Preto Formation - because it encompasses the municipality of the same name - had an arid climate with shallow, slow-moving rivers and large pools of standing water. In these environments, many dinosaurs became stuck and died, producing fossils.

"This environment probably favored pathogens, which may have been transmitted by mosquitoes or by the water itself that was ingested by the fauna, which included dinosaurs, turtles, and animals similar to today's crocodiles," says Aureliano.

The author also points out that the evidence provided by the study may be useful for future paleontological and archaeological work because it presents different manifestations of the same disease in bones and differentiates it from others.
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Strange "heavy" electrons could be the future of quantum computing | ScienceDaily
Osaka, Japan -- A joint research team from Japan has observed "heavy fermions," electrons with dramatically enhanced mass, exhibiting quantum entanglement governed by the Planckian time - the fundamental unit of time in quantum mechanics. This discovery opens up exciting possibilities for harnessing this phenomenon in solid-state materials to develop a new type of quantum computer.


						
Heavy fermions arise when conduction electrons in a solid interact strongly with localized magnetic electrons, effectively increasing their mass. This phenomenon leads to unusual properties like unconventional superconductivity and is a central theme in condensed matter physics. Cerium-Rhodium-Tin (CeRhSn), the material studied in this research, belongs to a class of heavy fermion systems with a quasi-kagome lattice structure, known for its geometrical frustration effects.

Researchers investigated the electronic state of CeRhSn, known for exhibiting non-Fermi liquid behavior at relatively high temperatures. Precise measurements of CeRhSn's reflectance spectra revealed non-Fermi liquid behavior persisting up to near room temperature, with heavy electron lifetimes approaching the Planckian limit. The observed spectral behavior, describable by a single function, strongly indicates that heavy electrons in CeRhSn are quantum entangled.

Dr. Shin-ichi Kimura of The University of Osaka, who led the research, explains, "Our findings demonstrate that heavy fermions in this quantum critical state are indeed entangled, and this entanglement is controlled by the Planckian time. This direct observation is a significant step towards understanding the complex interplay between quantum entanglement and heavy fermion behavior."

Quantum entanglement is a key resource for quantum computing, and the ability to control and manipulate it in solid-state materials like CeRhSn offers a potential pathway towards novel quantum computing architectures. The Planckian time limit observed in this study provides crucial information for designing such systems. Further research into these entangled states could revolutionize quantum information processing and unlock new possibilities in quantum technologies. This discovery not only advances our understanding of strongly correlated electron systems but also paves the way for potential applications in next-generation quantum technologies.
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Powerful new painkiller ADRIANA shows promise in ending opioid dependence | ScienceDaily
Opioids like morphine are widely used in medical practice due to their powerful pain-relieving effects. However, they carry the risk of serious adverse effects such as respiratory depression and drug dependence. For this reason, Japan has strict regulations in place to ensure that these medications are prescribed only by authorized physicians.


						
In the United States, however, the opioid OxyContin was once prescribed frequently triggering a surge in the misuse of synthetic opioids such as fentanyl. As a result, the number of deaths caused by opioid overdose surpassed 80,000 in 2023, escalating into a national public health crisis now referred to as the "opioid crisis."

Opioids may soon have a rival, however. A team of researchers at Kyoto University has recently discovered a novel analgesic, or pain reliever, which exerts its effect through an entirely different mechanism. Clinical development of their drug ADRIANA is currently underway as part of an international collaborative effort.

"If successfully commercialized, ADRIANA would offer a new pain management option that does not rely on opioids, contributing significantly to the reduction of opioid use in clinical settings," says corresponding author Masatoshi Hagiwara, a specially-appointed professor at Kyoto University.

The research team was first inspired by substances that mimic noradrenaline, which is released in life-threatening situations andactivates a2A-adrenoceptors to suppress pain. However, these pose a high risk of cardiovascular instability. After observing noradrenaline levels and a2B-adrenoceptors, the team hypothesized that selectively blocking a2B-adrenoceptors could elevate noradrenaline levels, leading to activation of a2A-adrenoceptors and resulting in pain relief without causing cardiovascular instability.

To identify selective inhibitors of a2B-adrenoceptors and measure the activity of individual a2-adrenoceptor subtypes, the researchers employed a novel technology known as the TGFa shedding assay and conducted compound screening leading to their discovery of the world's first selective a2B-adrenoceptor antagonist.

After success in administering the compound to mice and conducting non-clinical studies to assess its safety, physician-led clinical trials were conducted at Kyoto University Hospital. Both the Phase I trial in healthy volunteers and the Phase II trial in patients with postoperative pain following lung cancer surgery yielded highly promising results.

Building on these outcomes, preparations are now underway for a large-scale Phase II clinical trial in the United States, in collaboration with BTB Therapeutics, Inc, a Kyoto University-originated venture company.

As Japan's first non-opioid analgesic, ADRIANA has the potential not only to relieve severe pain for patients worldwide but could also play a meaningful role in addressing the opioid crisis -- a pressing social issue in the United States -- and thus contribute to international public health efforts.

"We aim to evaluate the analgesic effects of ADRIANA across various types of pain and ultimately make this treatment accessible to a broader population of patients suffering from chronic pain," says Hagiwara.
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        Panama's ocean lifeline vanishes for the first time in 40 years
        Every year, Panama's Pacific coast benefits from powerful seasonal winds that drive nutrient-rich waters to the surface, sustaining fisheries and protecting coral reefs. But in 2025, for the first time in at least four decades, this crucial upwelling did not occur. Scientists suspect weakened trade winds linked to climate disruption played a role, leaving cooler waters absent and fisheries under stress.

      

      
        Astronomers uncover a hidden world on the solar system's edge
        Astronomers have uncovered a massive new trans-Neptunian object, 2017 OF201, lurking at the edge of our solar system. With an orbit stretching 25,000 years and a size that may qualify it as a dwarf planet, this mysterious world challenges long-held assumptions about the "empty" space beyond Neptune. Its unusual trajectory sets it apart from other distant bodies and may even cast doubt on the controversial Planet Nine hypothesis.

      

      
        Strange new bacteria found in Amazon sand flies. Could it spread to humans?
        A newly discovered species of Bartonella bacteria in Brazil's Amazon sand flies shares DNA similarities with dangerous Andean strains. Scientists stress the need for further studies to see if it can infect humans and spread beyond its known regions.

      

      
        MIT scientists uncover shocking origin of the moon's magnetic scars
        For decades, scientists have puzzled over why lunar rocks show signs of strong magnetism when the moon itself has no global magnetic field today. New simulations suggest the answer may lie in a powerful asteroid impact billions of years ago.

      

      
        A common supplement could reverse the hidden harm of sucralose
        Sucralose, the sugar substitute in many diet products, may weaken cancer immunotherapy by altering gut bacteria and reducing arginine levels needed for immune cells. But supplementation with arginine or citrulline could counteract this effect, pointing to new clinical trial possibilities.

      

      
        Satellites confirm 1990s sea-level predictions were shockingly accurate
        Satellite data reveals sea-level rise has unfolded almost exactly as predicted by 1990s climate models, with one key underestimation: melting ice sheets. Researchers stress the importance of refining local projections as seas continue to rise faster than before.

      

      
        The fat you can't see may be damaging your heart, even if you exercise
        Hidden fat wrapped around organs, known as visceral fat, has now been linked to faster heart aging. Using AI and imaging from more than 21,000 people in the UK Biobank, scientists found that this invisible belly fat accelerates stiffening and inflammation of the heart, while fat stored around hips and thighs may actually protect women.

      

      
        Experts warn: Smartphones before 13 could harm mental health for life
        Getting a smartphone before age 13 may drastically increase the risk of poor mental health later in life, according to data from more than 100,000 people. Early use is linked to suicidal thoughts, aggression, and detachment, largely driven by social media, cyberbullying, and lost sleep. Researchers urge urgent action to restrict access and protect young minds.

      

      
        Baby pterosaurs died in ancient storms--and their fossils reveal the truth
        Two tiny pterosaurs, preserved for 150 million years, have revealed a surprising cause of death: violent storms. Researchers at the University of Leicester discovered both hatchlings, nicknamed Lucky and Lucky II, with broken wings--injuries consistent with being tossed through the air by powerful gusts. These storms not only claimed their lives but also created the rare conditions that preserved them so perfectly in the Solnhofen limestones.

      

      
        Scientists made plastic that eats carbon
        A team of chemists has discovered how to transform PET plastic waste into BAETA, a material that captures CO2 with remarkable efficiency. Instead of ending up as microplastics in the environment, discarded bottles and textiles could become tools to combat climate change. The method is energy-friendly, scalable, and potentially lucrative, offering industries both sustainability and practicality.

      

      
        Tiny gold quantum needles with astonishing powers discovered
        Scientists at the University of Tokyo have unveiled "gold quantum needles," a newly discovered nanocluster structure formed under unusual synthesis conditions. Unlike typical spherical clusters, these elongated, pencil-shaped formations display unique quantum behaviors and respond to near-infrared light, making them promising tools for biomedical imaging and energy applications.

      

      
        Ghost sharks grow teeth on their heads to mate
        Ghost sharks have evolved rows of true teeth on a bizarre forehead rod used for mating. Fossil and genetic evidence revealed the tenaculum's teeth develop the same way as those inside the mouth, offering a striking example of evolution's ability to repurpose biological tools.

      

      
        Oceans could reach a dangerous tipping point by 2050
        UC Santa Barbara researchers project that human impacts on oceans will double by 2050, with warming seas and fisheries collapse leading the charge. The tropics and poles face the fastest changes, and coastal regions will be hardest hit, threatening food and livelihoods worldwide.

      

      
        These clear windows can secretly produce solar power
        Scientists have created a transparent solar coating that turns ordinary windows into clean energy generators without affecting clarity. Using cholesteric liquid crystal layers, the coating redirects polarized sunlight to the window edges where solar cells collect it. A small prototype already powered a fan, and full-sized windows could boost efficiency 50-fold while cutting the need for costly photovoltaic cells.

      

      
        Scientists just found a hidden quantum geometry that warps electrons
        A hidden quantum geometry that distorts electron paths has finally been observed in real materials. This "quantum metric," once thought purely theoretical, may revolutionize electronics, superconductivity, and ultrafast devices.

      

      
        Seagrass found to be a powerful carbon sponge with a surprising weakness
        Seagrass, a vital coastal ecosystem, may be one of the planet's best natural carbon sponges--but its fate depends on how we manage nutrients like nitrogen and phosphorus. While moderate nutrient input can supercharge seagrass growth and boost carbon storage, too much--especially nitrogen--fuels phytoplankton that block sunlight and devastate seagrass beds.

      

      
        Woolly mammoth teeth reveal the world's oldest microbial DNA
        Scientists have uncovered microbial DNA preserved in mammoth remains dating back more than one million years, revealing the oldest host-associated microbial DNA ever recovered. By sequencing nearly 500 specimens, the team identified ancient bacterial lineages--including some linked to modern elephant diseases--that coexisted with mammoths for hundreds of thousands of years. These discoveries shed light on the deep evolutionary history of microbes, their role in megafaunal health, and how they may h...

      

      
        Sweeteners in diet drinks may steal years from the brain
        A large Brazilian study following more than 12,000 middle-aged adults found that those consuming the most artificial sweeteners--commonly found in diet sodas, flavored waters, and processed snacks--experienced significantly faster declines in memory and thinking skills. The effect was equivalent to about 1.6 years of extra brain aging, with the strongest impact seen in people under 60 and those with diabetes.

      

      
        Scientists watch Parkinson's protein drill holes in brain cells
        Scientists have uncovered a surprising way Parkinson's disease may start: tiny toxic proteins that punch holes in brain cells like revolving doors. Instead of causing instant collapse, these flickering pores slowly weaken the cells, which could explain the gradual onset of symptoms.

      

      
        Earth's inner core exists only because of carbon
        New research reveals that carbon made it possible for Earth's molten core to freeze into a solid heart, stabilizing the magnetic field that protects our planet. Without it, Earth's deep interior -- and life above -- might look very different.

      

      
        Scientists reveal how breakfast timing may predict how long you live
        Meal timing shifts with age, and researchers found that eating breakfast later is tied to depression, fatigue, sleep problems, and an increased risk of death. Monitoring when meals are eaten could provide an easy health marker for aging adults.

      

      
        A 3-minute brainwave test could spot Alzheimer's years before symptoms
        Scientists at the University of Bath have developed a simple three-minute brainwave test called Fastball EEG that can detect memory problems years before Alzheimer's is typically diagnosed. Unlike traditional memory tests, it passively records brain responses to images and has now been proven effective in people's homes. With breakthrough Alzheimer's drugs working best in early stages, this low-cost, accessible tool could transform early detection and treatment.

      

      
        Scientists watch an atomic nucleus flip in real time
        Scientists at Delft University of Technology have managed to watch a single atomic nucleus flip its magnetic state in real time. Using a scanning tunneling microscope, they indirectly read the nucleus through its electrons, finding the nuclear spin surprisingly stable for several seconds. This "single-shot readout" breakthrough could pave the way for manipulating atomic-scale quantum states, with future applications in quantum sensing and simulation.

      

      
        Fossil reveals a 310-million-year-old fish that ate with a hidden second jaw
        Scientists uncovered a 310-million-year-old fish fossil with a "tongue bite," teeth on the roof and floor of its mouth that worked like a second jaw. This adaptation, previously thought to have appeared much later, shows how fish rapidly experimented with new feeding strategies after mass extinction.

      

      
        Scientists create biodegradable plastic stronger than PET
        A Japanese research team successfully harnessed E. coli to produce PDCA, a strong, biodegradable plastic alternative. Their method avoids toxic byproducts and achieves record production levels, overcoming key roadblocks with creative fixes.

      

      
        A tiny embryo fold changed the course of evolution
        A small tissue fold in fly embryos, once thought purposeless, plays a vital role in stabilizing tissues. Researchers show that it absorbs stress during early development, and its position and timing likely shaped its evolutionary emergence.

      

      
        The Sun's hidden particle engines finally exposed
        Solar Orbiter has identified the Sun's dual "engines" for superfast electrons: explosive flares and sweeping coronal mass ejections. By catching over 300 events close to their origin, the mission has solved key mysteries about how these particles travel and why they sometimes appear late. The findings will improve space weather forecasts and help shield spacecraft and astronauts from solar radiation.

      

      
        A weirdly shaped telescope could finally find Earth 2. 0
        Spotting Earth-like planets is nearly impossible with conventional telescopes, but researchers propose a bold fix: a rectangular design that can separate a planet's faint glow from its blinding star. This approach could uncover dozens of nearby worlds that might host life.

      

      
        A monster molecular cloud has been discovered in our galaxy - "No one had any idea this existed"
        Researchers spotted a colossal cloud of gas and dust in the Milky Way, filled with turbulent motion, newborn star seeds, and even a natural microwave laser. This newly found Midpoint cloud appears to funnel material toward the galactic center, offering key insights into star formation in extreme cosmic regions.

      

      
        The flawed carbon math that lets major polluters off the hook
        Past climate assessments let big polluters delay action, placing more burden on smaller nations. A new method based on historical responsibility demands steep cuts from wealthy countries and more financial support for poorer ones. Courts are now stepping in, making climate justice not just political but also legal.

      

      
        Overworked neurons burn out and fuel Parkinson's disease
        Overactivation of dopamine neurons may directly drive their death, explaining why movement-controlling brain cells degenerate in Parkinson's. Mice with chronically stimulated neurons showed the same selective damage seen in patients, along with molecular stress responses. Targeting this overactivity could help slow disease progression.

      

      
        Hidden viruses in our DNA could be medicine's next big breakthrough
        Scientists have decoded the 3D structure of an ancient viral protein hidden in our DNA. The HERV-K Env protein, found on cancer and autoimmune cells, has a unique shape that could unlock new diagnostics and therapies.

      

      
        Warped planet nurseries rewrite the rules of how worlds are born
        Astronomers using ALMA have discovered that planet-forming discs are not flat and serene but subtly warped, reshaping our understanding of how planets form. These slight tilts, similar to those seen among planets in our Solar System, suggest that planetary systems emerge in more chaotic and dynamic conditions than once believed. The findings point to new connections between disc warps, gas flow, turbulence, and the feeding of young stars, raising exciting questions about the forces shaping worlds...

      

      
        A simple metal could solve the world's plastic recycling problem
        Scientists at Northwestern University have developed a groundbreaking nickel-based catalyst that could transform the way the world recycles plastic. Instead of requiring tedious sorting, the catalyst selectively breaks down stubborn polyolefin plastics--the single-use materials that make up much of our daily waste--into valuable oils, waxes, fuels, and more.

      

      
        Central Asia's last stable glaciers just started to collapse
        Snowfall shortages are now destabilizing some of the world's last resilient glaciers, as shown by a new study in Tajikistan's Pamir Mountains. Using a monitoring station on Kyzylsu Glacier, researchers discovered that stability ended around 2018, when snowfall declined sharply and melt accelerated. The work sheds light on the Pamir-Karakoram Anomaly, where glaciers had resisted climate change longer than expected.

      

      
        Scientists discover how to wipe out breast cancer's hidden cells
        Scientists at the University of Pennsylvania have shown for the first time that it's possible to detect dormant cancer cells in breast cancer survivors and eliminate them with repurposed drugs, potentially preventing recurrence. In a clinical trial, existing medications cleared these hidden cells in most participants, leading to survival rates above 90%. The findings open a new era of proactive treatment against breast cancer's lingering threat, offering hope to survivors haunted by the fear of r...

      

      
        Why Alzheimer's attacks the brain's memory hub first
        Virginia Tech researchers are investigating how overloaded mitochondria in the brain's memory circuits may spark early Alzheimer's damage. Their work focuses on calcium signaling and how it might trigger breakdowns in the entorhinal cortex.

      

      
        Distant suns covered in dark spots could shape the search for life
        A new model called StarryStarryProcess lets scientists map star spots with precision, improving how exoplanets are studied. By factoring in both transits and stellar rotation, it provides richer details about stars and their influence on planetary signals.

      

      
        NASA's SPHEREx Captures Comet 3I/ATLAS, a Visitor From Beyond the Solar System
        NASA's SPHEREx joined Webb and Hubble in studying interstellar comet 3I/ATLAS, gathering data on its size, chemistry, and physical traits. While harmless to Earth, the comet provides scientists a rare opportunity to learn more about solar system wanderers.

      

      
        NASA's Webb Space Telescope Reveals Secrets of Interstellar Comet 3I/ATLAS
        Webb, Hubble, and SPHEREx are joining forces to study the interstellar comet 3I/ATLAS, revealing details about its structure and chemistry. The comet isn't dangerous, but it's offering scientists a rare chance to explore material from outside our solar system.

      

      
        Study finds cannabis improves sleep where other drugs fail
        A long-term study following insomnia patients treated with cannabis-based medical products revealed sustained improvements in sleep quality, mood, and pain management over 18 months. Most participants reported better rest and less anxiety or depression, while only a small fraction experienced mild side effects such as fatigue or dry mouth.

      

      
        Scientists reveal how breathwork unlocks psychedelic bliss in the brain
        High-ventilation breathwork with music can evoke psychedelic-like states, shifting blood flow in the brain and reducing negative emotions. Participants experienced unity and bliss, pointing to a natural therapeutic tool with powerful potential.

      

      
        The midlife crisis is over, but something worse took its place
        Once a universal feature of human psychology, the "unhappiness hump" in midlife has disappeared, replaced by a new trend: mental health is worst in youth and improves with age. Data from the U.S., U.K., and dozens of countries suggest today's young people are driving this shift, facing deeper struggles than previous generations.

      

      
        Mysterious bone disease ravaged Brazil's giant dinosaurs
        Fossilized bones in Brazil reveal that deadly infections plagued sauropods 80 million years ago. Researchers uncovered unhealed lesions consistent with osteomyelitis, pointing to pathogens spread through stagnant waters or insect bites.

      

      
        Powerful new painkiller ADRIANA shows promise in ending opioid dependence
        Japanese scientists have developed ADRIANA, a non-opioid painkiller that could provide powerful relief without the dangers of addiction. With successful trials already completed, large U.S. studies are now underway, raising hopes for a safer future in pain treatment.

      

      
        Stronger weed, higher risk? Potent THC linked to psychosis and addiction
        A sweeping review of nearly 100 studies has raised concerns about the mental health impacts of high-potency cannabis products. Researchers found strong links to psychosis, schizophrenia, and cannabis use disorder, while results for anxiety and depression were mixed and sometimes contradictory. Although the findings confirm that higher THC concentrations pose risks, the evidence still isn't clear enough to offer firm clinical guidance, leaving scientists calling for better-designed studies to fill...

      

      
        The next Ozempic: A 4-in-1 breakthrough for lasting weight loss
        Scientists are racing to improve weight loss treatments beyond drugs like Ozempic and Wegovy, which are effective but plagued by nausea, bone loss, and weight regain. Tufts University chemists have created a new multi-target compound that goes beyond the usual GLP-1, GIP, and glucagon approaches by adding a fourth hormone, PYY. This "quadruple-action" design aims to deliver weight loss results on par with bariatric surgery--up to 30%--without invasive procedures, and could change the future of obes...

      

      
        Your nose could detect Alzheimer's years before memory loss
        Researchers have uncovered why smell often fades early in Alzheimer's: the brain's immune cells dismantle key nerve connections between the olfactory bulb and brainstem. Membrane changes in neurons send an "eat-me" signal to microglia, which mistakenly destroy them. Evidence from mice, human tissue, and PET scans confirms this process. These insights could pave the way for earlier diagnosis and more effective treatment.

      

      
        How long can one RSV shot protect seniors? Study shows surprising two-year shield
        A single RSV vaccine dose is proving to be a powerful shield for older adults, significantly reducing hospitalizations and severe illness over two consecutive RSV seasons. While protection is strongest in the first year and declines somewhat in the second, the findings highlight both the immediate benefits and the importance of ongoing monitoring. With RSV causing tens of thousands of hospitalizations every year in the U.S., this research underscores the potential of vaccination to save lives and...

      

      
        Scientists stunned by the Universe's first known black hole
        Just 500 million years after the Big Bang, a colossal black hole, 300 million times the mass of the Sun, was already blazing at the heart of a tiny, brilliant galaxy. Found with JWST, this discovery could explain the strange "Little Red Dots" seen in the early cosmos and rewrites what we thought was possible for black hole growth.
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Panama's ocean lifeline vanishes for the first time in 40 years | ScienceDaily
During the dry season in Central America (generally between December and April), northern trade winds generate upwelling events in the ocean waters of the Gulf of Panama. Upwelling is a process that allows cold, nutrient-rich waters from the depths of the ocean to rise to the surface. This dynamic supports highly productive fisheries and helps protect coral reefs from thermal stress. Thanks to this movement of water, the sea along Panama's Pacific beaches remains cooler during the "summer" vacation season.


						
Scientists from the Smithsonian Tropical Research Institute (STRI) have studied this phenomenon and their records show that this seasonal upwelling, which occurs from January to April, has been a consistent and predictable feature of the gulf for at least 40 years. However, researchers recently recorded that in 2025, this vital oceanographic process did not occur for the first time. As a result, the typical drops in temperature and spikes in productivity during this time of year were diminished. In the recently published article in the journal PNAS, scientists suggest that a significant reduction in wind patterns was the cause of this unprecedented event, revealing how climate disruption can quickly alter fundamental oceanic processes that have sustained coastal fishing communities for thousands of years. Still, further research is needed to determine a more precise cause and its potential consequences for fisheries.

This finding highlights the growing vulnerability of tropical upwelling systems, which, despite their enormous ecological and socioeconomic importance, remain poorly monitored. It also underscores the urgency of strengthening ocean-climate observation and prediction capabilities in the planet's tropical regions.

This result marks one of the first major outcomes of the collaboration between the S/Y Eugen Seibold research vessel from the Max Planck Institute and STRI.
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Astronomers uncover a hidden world on the solar system's edge | ScienceDaily
A small team led by Sihao Cheng, Martin A. and Helen Chooljian Member in the Institute for Advanced Study's School of Natural Sciences, has discovered an extraordinary trans-Neptunian object (TNO), named 2017 OF201, at the edge of our solar system.


						
The TNO is potentially large enough to qualify as a dwarf planet, the same category as the much more well-known Pluto. The new object is one of the most distant visible objects in our solar system and, significantly, suggests that the empty section of space thought to exist beyond Neptune in the Kuiper Belt is not, in fact, empty at all.

Cheng made the discovery alongside colleagues Jiaxuan Li and Eritas Yang from Princeton University, using advanced computational methods to identify the object's distinctive trajectory pattern on the sky. The new object was officially announced by the International Astronomical Union's Minor Planet Center and in an arXiv pre-print.

Trans-Neptunian objects are minor planets that orbit the Sun at a greater average distance than the orbit of Neptune. The new TNO is special for two reasons: its extreme orbit and its large size.

"The object's aphelion -- the farthest point on the orbit from the Sun -- is more than 1600 times that of the Earth's orbit," explains Cheng. "Meanwhile, its perihelion -- the closest point on its orbit to the Sun -- is 44.5 times that of the Earth's orbit, similar to Pluto's orbit."

This extreme orbit, which takes the object approximately 25,000 years to complete, suggests a complex history of gravitational interactions. "It must have experienced close encounters with a giant planet, causing it to be ejected to a wide orbit," says Yang. "There may have been more than one step in its migration. It's possible that this object was first ejected to the Oort cloud, the most distant region in our solar system, which is home to many comets, and then sent back," Cheng adds.

"Many extreme TNOs have orbits that appear to cluster in specific orientations, but 2017 OF201 deviates from this," says Li. This clustering has been interpreted as indirect evidence for the existence of another planet in the solar system, Planet X or Planet Nine, which could be gravitationally shepherding these objects into their observed patterns. The existence of 2017 OF201 as an outlier to such clustering could potentially challenge this hypothesis.




Cheng and his colleagues estimate 2017 OF201's diameter to be 700 km, which would make it the second largest known object in such a wide orbit. The diameter of Pluto, meanwhile, is 2,377 km. Further observations, potentially using radio telescopes, are needed to determine the object's exact size.

Cheng discovered the object as part of an ongoing research project to identify TNOs and possible new planets in the outer solar system. The object was identified by pinpointing bright spots in an astronomical image database from the Victor M. Blanco Telescope and Canada France Hawaii Telescope (CFHT), and trying to connect all possible groups of such spots that appeared to move across the sky in the way a single TNO might. This search was carried out using a computationally efficient algorithm produced by Cheng. Ultimately, they identified 2017 OF201 in 19 different exposures, captured over 7 years.

The discovery has significant implications for our understanding of the outer solar system. The area beyond the Kuiper Belt, where the object is located, has previously been thought to be essentially empty, but the team's discovery suggests that this is not so.

"2017 OF201 spends only 1% of its orbital time close enough to us to be detectable. The presence of this single object suggests that there could be another hundred or so other objects with similar orbit and size; they are just too far away to be detectable now," Cheng states. "Even though advances in telescopes have enabled us to explore distant parts of the universe, there is still a great deal to discover about our own solar system."

The detection also demonstrates the power of open science. "All the data we used to identify and characterize this object are archival data that are available to anyone, not only professional astronomers," says Li. "This means that groundbreaking discoveries aren't limited to those with access to the world's largest telescopes. Any researcher, student, or even citizen scientist with the right tools and knowledge could have made this discovery, highlighting the value of sharing scientific resources."
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Strange new bacteria found in Amazon sand flies. Could it spread to humans? | ScienceDaily

There is currently no evidence in Brazil that this new species of bacteria can cause disease. However, since species of the genus Bartonella are responsible for several diseases in other countries, further studies are needed.

The research was conducted by Marcos Rogerio Andre in partnership with Eunice Aparecida Bianchi Galati. Both researchers are affiliated with Brazilian institutions: the Faculty of Agricultural and Veterinary Sciences of Sao Paulo State University (FCAV-UNESP) in Jaboticabal campus and the School of Public Health of the University of Sao Paulo (FSP-USP). The study was supported by FAPESP through two projects (22/08543-2 and 22/16085-4).

It was published in the scientific journal Acta Tropica and included the participation of researchers Paulo Vitor Cadina Arantes, Israel de Souza Pinto, Daniel Antonio Braga Lee, Anna Claudia Baumel Mongruel, and Rosangela Zacarias Machado.

What is the disease?

Bartonellosis is a term that refers to a group of diseases caused by bacteria of the genus Bartonella. These bacteria are transmitted by various vectors. In addition to sand flies, they can be transmitted by fleas and lice.

Symptoms usually include infections that take a long time to clear up in both humans and animals. These bacteria can remain in the body for a long time without being detected and end up harming patients with preexisting immune problems.




"Bartonellosis is a neglected disease. The disease best known to health professionals is cat scratch disease, caused by Bartonella henselae. It's important to understand the real prevalence of these diseases, especially in isolated regions with low human development indices, where populations don't have easy access to health services," explains Andre.

The objective of the study was to investigate the presence of Bartonella spp. DNA in 297 specimens of female sand flies (Diptera: Psychodidae) collected in the Amazon National Park in the state of Para. "This park has caves and receives many visitors, so it's important to study it," says the researcher.

The phlebotomine sand flies were collected between February 2022 and February 2023. Every month, the researchers collected samples along two trails near the banks of the Urua and Tracoa rivers, which are located within the conservation unit.

"The discovery of Bartonella species in phlebotomine sand flies here in Brazil may indicate that B. bacilliformis and B. ancashensis, which cause Carrion's disease or Peruvian wart, can adapt to non-Andean species and be transmitted in areas outside the Andes. This isn't too much of an extrapolation, as two species that have been identified as vectors of B. bacilliformis, Pintomyia robusta and Pintomyia maranonensis in Peru, are very similar to species found in Brazil, namely Pintomyia serrana and Pintomyia nevesi," explains Galati.

In recent years, the group has been studying the diversity of bacteria found in this genus and the diseases they cause in both humans and animals. According to the scientists, the sequences found in the Amazon differ from those found in Peru; however, the results corroborate data collected in a previous study.

According to Andre, this second article by the research group confirms evidence found in previous studies, such as the discovery of new species of Bartonella in Acre, another Brazilian state in the Amazon region. Therefore, they decided to expand the investigation and analyze samples from Para and other locations.




"We're detecting a strain here in Brazil that's never been described and is very similar to two species of the Bartonella genus that cause disease in Andean countries. Despite this similarity, we don't yet have information on whether it can cause disease with distinct symptoms. That's why we need to study them further," the professor points out.

To continue mapping the insects and the bacteria with which they may be infected, the researchers are collecting samples in various biomes.

"The next steps are to continue investigations involving more populations of phlebotomine sand flies and other diptera from different biomes in search of these strains, as well as to look for other strains," says Galati.

According to the researcher, the next step would be to investigate what animals these insects feed on to find "reservoirs."

"I have a project funded by FAPESP in which I was able to store many specimens of phlebotomine sand flies from the Atlantic Forest of Sao Paulo, and the idea is to explore this material in partnership with Professor Andre," reveals Galati.

Although the results are preliminary, the project has helped the researchers uncover the possibility of finding disease agents that had not yet been detected.

According to Andre, since this is a new finding, it would be beneficial for doctors and researchers to collaborate on investigating this group of bacteria in individuals with fever of unknown origin.

"Could people with fever who are often sent home and who have repeated episodes of fever be infected with this pathogen? Could patients with Leishmania also be co-infected with this new species of Bartonella?" asks the professor.
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MIT scientists uncover shocking origin of the moon's magnetic scars | ScienceDaily
Where did the moon's magnetism go? Scientists have puzzled over this question for decades, ever since orbiting spacecraft picked up signs of a high magnetic field in lunar surface rocks. The moon itself has no inherent magnetism today.


						
Now, MIT scientists may have solved the mystery. They propose that a combination of an ancient, weak magnetic field and a large, plasma-generating impact may have temporarily created a strong magnetic field, concentrated on the far side of the moon.

In a study appearing in the journal Science Advances, the researchers show through detailed simulations that an impact, such as from a large asteroid, could have generated a cloud of ionized particles that briefly enveloped the moon. This plasma would have streamed around the moon and concentrated at the opposite location from the initial impact. There, the plasma would have interacted with and momentarily amplified the moon's weak magnetic field. Any rocks in the region could have recorded signs of the heightened magnetism before the field quickly died away.

This combination of events could explain the presence of highly magnetic rocks detected in a region near the south pole, on the moon's far side. As it happens, one of the largest impact basins -- the Imbrium basin -- is located in the exact opposite spot on the near side of the moon. The researchers suspect that whatever made that impact likely released the cloud of plasma that kicked off the scenario in their simulations.

"There are large parts of lunar magnetism that are still unexplained," says lead author Isaac Narrett, a graduate student in the MIT Department of Earth, Atmospheric and Planetary Sciences (EAPS). "But the majority of the strong magnetic fields that are measured by orbiting spacecraft can be explained by this process -- especially on the far side of the moon."

Narrett's co-authors include Rona Oran and Benjamin Weiss at MIT, along with Katarina Miljkovic at Curtin University, Yuxi Chen and Gabor Toth at the University of Michigan at Ann Arbor, and Elias Mansbach PhD '24 at Cambridge University. Nuno Loureiro, professor of nuclear science and engineering at MIT, also contributed insights and advice.

Beyond the sun

Scientists have known for decades that the moon holds remnants of a strong magnetic field. Samples from the surface of the moon, returned by astronauts on NASA's Apollo missions of the 1960s and 70s, as well as global measurements of the moon taken remotely by orbiting spacecraft, show signs of remnant magnetism in surface rocks, especially on the far side of the moon.




The typical explanation for surface magnetism is a global magnetic field, generated by an internal "dynamo," or a core of molten, churning material. The Earth today generates a magnetic field through a dynamo process, and it's thought that the moon once may have done the same, though its much smaller core would have produced a much weaker magnetic field that may not explain the highly magnetized rocks observed, particularly on the moon's far side.

An alternative hypothesis that scientists have tested from time to time involves a giant impact that generated plasma, which in turn amplified any weak magnetic field. In 2020, Oran and Weiss tested this hypothesis with simulations of a giant impact on the moon, in combination with the solar-generated magnetic field, which is weak as it stretches out to the Earth and moon.

In simulations, they tested whether an impact to the moon could amplify such a solar field, enough to explain the highly magnetic measurements of surface rocks. It turned out that it wasn't, and their results seemed to rule out plasma-induced impacts as playing a role in the moon's missing magnetism.

A spike and a jitter

But in their new study, the researchers took a different tack. Instead of accounting for the sun's magnetic field, they assumed that the moon once hosted a dynamo that produced a magnetic field of its own, albeit a weak one. Given the size of its core, they estimated that such a field would have been about 1 microtesla, or 50 times weaker than the Earth's field today.

From this starting point, the researchers simulated a large impact to the moon's surface, similar to what would have created the Imbrium basin, on the moon's near side. Using impact simulations from Katarina Miljkovic, the team then simulated the cloud of plasma that such an impact would have generated as the force of the impact vaporized the surface material. They adapted a second code, developed by collaborators at the University of Michigan, to simulate how the resulting plasma would flow and interact with the moon's weak magnetic field.




These simulations showed that as a plasma cloud arose from the impact, some of it would have expanded into space, while the rest would stream around the moon and concentrate on the opposite side. There, the plasma would have compressed and briefly amplified the moon's weak magnetic field. This entire process, from the moment the magnetic field was amplified to the time that it decays back to baseline, would have been incredibly fast -- somewhere around 40 minutes, Narrett says.

Would this brief window have been enough for surrounding rocks to record the momentary magnetic spike? The researchers say, yes, with some help from another, impact-related effect.

They found that an Imbrium-scale impact would have sent a pressure wave through the moon, similar to a seismic shock. These waves would have converged to the other side, where the shock would have "jittered" the surrounding rocks, briefly unsettling the rocks' electrons -- the subatomic particles that naturally orient their spins to any external magnetic field. The researchers suspect the rocks were shocked just as the impact's plasma amplified the moon's magnetic field. As the rocks' electrons settled back, they assumed a new orientation, in line with the momentary high magnetic field.

"It's as if you throw a 52-card deck in the air, in a magnetic field, and each card has a compass needle," Weiss says. "When the cards settle back to the ground, they do so in a new orientation. That's essentially the magnetization process."

The researchers say this combination of a dynamo plus a large impact, coupled with the impact's shockwave, is enough to explain the moon's highly magnetized surface rocks -- particularly on the far side. One way to know for sure is to directly sample the rocks for signs of shock, and high magnetism. This could be a possibility, as the rocks lie on the far side, near the lunar south pole, where missions such as NASA's Artemis program plan to explore.

"For several decades, there's been sort of a conundrum over the moon's magnetism -- is it from impacts or is it from a dynamo?" Oran says. "And here we're saying, it's a little bit of both. And it's a testable hypothesis, which is nice."

The team's simulations were carried out using the MIT SuperCloud. This research was supported, in part, by NASA.
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A common supplement could reverse the hidden harm of sucralose | ScienceDaily
Sucralose is a popular sugar substitute for people who are cutting calories or managing blood sugar levels, but new research by the University of Pittsburgh and UPMC Hillman Cancer Center suggests that the artificial sweetener may not be the best choice for patients undergoing cancer immunotherapy.


						
Publishing recently in Cancer Discovery, a publication of the American Association for Cancer Research, the study found that patients with melanoma and non-small cell lung cancer who consumed high levels of sucralose had worse response to immunotherapy and poorer survival than those with diets low in the artificial sweetener.

Strikingly, supplements that boosted levels of the amino acid arginine mitigated the negative effects of sucralose on immunotherapy in mice, an approach that could now be tested in clinical trials.

"It's easy to say, 'Stop drinking diet soda,' but when patients are being treated for cancer, they are already dealing with enough, so asking them to drastically alter their diet may not be realistic," said lead author Abby Overacre, Ph.D., assistant professor in the Department of Immunology at Pitt and UPMC Hillman. "We need to meet patients where they are. That's why it's so exciting that arginine supplementation could be a simple approach to counteract the negative effects of sucralose on immunotherapy."

Senior author Diwakar Davar, M.D., associate professor of medicine at Pitt and a medical oncologist and hematologist at UPMC Hillman, collaborating with Overacre and their team, used mouse models to show that the negative impacts of sucralose are driven by disruption to gut bacteria.

Sucralose shifted the composition of the mouse gut microbiome, increasing bacterial species that degrade arginine, which reduced levels of this amino acid in the blood, tumor fluid and stool.

Immune checkpoint inhibitor immunotherapies such as anti-PD1 work by ramping up T cell activity so that they can more effectively kill cancer cells. Arginine is essential for T cell function, especially in cancer.




"When arginine levels were depleted due to sucralose-driven shifts in the microbiome, T cells couldn't function properly," said Overacre. "As a result, immunotherapy wasn't as effective in mice that were fed sucralose."

In mouse models of adenocarcinoma and melanoma, adding sucralose to the diet inhibited anti-PD1 therapy, leading to larger tumors and poorer survival. But when the researchers gave sucralose-fed mice arginine or citrulline, which is metabolized into arginine in the body, the effectiveness of immunotherapy was restored.

To assess the relevance of these findings for humans, the researchers looked at 132 patients with advanced melanoma or non-small cell lung cancer who received anti-PD1 therapy alone or in combination with chemotherapy. Patients filled out detailed diet history questionnaires that included questions about how often they consumed artificial sweeteners in coffee, tea and diet soda.

"We found that sucralose impeded the effectiveness of immunotherapies across a range of cancer types, stages and treatment modalities," said Davar. "These observations raise the possibility of designing prebiotics, such as targeted nutrient supplementation for patients who consume high levels of sucralose."

The researchers hope to launch a clinical trial investigating whether citrulline supplements -- which boost arginine levels more than arginine itself -- affect the gut microbiome and anti-tumor immune response in patients.

They are also interested in looking at how other sugar substitutes, such as aspartame, saccharin, xylitol and stevia, impact the immune system and response to immunotherapy.

Other authors on the study were Kristin Morder, M.S., Madison Nguyen, Drew Wilfahrt, Ph.D., Zakaria Dahmani, Ansen Burr, M.D., Ph.D., Bingxian Xie, Ph.D., Michael Morikone, Ph.D., Hector Nieves-Rosado, M.D., Ph.D., William Gunn, M.S., Drew Hurd, Hong Wang, Ph.D., Steven Mullett, Kaitlin Bossong, Stacy Gelhaus, Ph.D., Dhivyaa Rajasundaram, Ph.D., Lawrence Kane, Ph.D., and Greg Delgoffe, Ph.D., and Jishnu Das, Ph.D., all of Pitt or UPMC.

This research was supported by the National Institutes of Health (DP2AI177967, S10OD023402, S10OD032141, R01CA206517, R01AI138504, T32GM008208, U01 CA271407, R01 CA257265, U01 CA268806 and P50 CA254865), the Damon Runyon Cancer Research Foundation and Gateway for Cancer Research (G-22-800).
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Satellites confirm 1990s sea-level predictions were shockingly accurate | ScienceDaily
Global sea-level change has now been measured by satellites for more than 30 years, and a comparison with climate projections from the mid-1990s shows that they were remarkably accurate, according to two Tulane University researchers whose findings were published in Earth's Future, an open-access journal published by the American Geophysical Union.


						
"The ultimate test of climate projections is to compare them with what has played out since they were made, but this requires patience - it takes decades of observations," said lead author Torbjorn Tornqvist, Vokes Geology Professor in the Department of Earth and Environmental Sciences.

"We were quite amazed how good those early projections were, especially when you think about how crude the models were back then, compared to what is available now," Tornqvist said. "For anyone who questions the role of humans in changing our climate, here is some of the best proof that we have understood for decades what is really happening, and that we can make credible projections."

Co-author Sonke Dangendorf, David and Jane Flowerree Associate Professor in the Department of River-Coastal Science and Engineering, said that while it is encouraging to see the quality of early projections, today's challenge is to translate global information into projections tailored to the specific needs of stakeholders in places like south Louisiana.

"Sea level doesn't rise uniformly - it varies widely. Our recent study of this regional variability and the processes behind it relies heavily on data from NASA's satellite missions and NOAA's ocean monitoring programs," he said. "Continuing these efforts is more important than ever, and essential for informed decision-making to benefit the people living along the coast."

A new era of monitoring global sea-level change took off when satellites were launched in the early 1990s to measure the height of the ocean surface. This showed that the rate of global sea-level rise since that time has averaged about one eighth of an inch per year. Only more recently, it became possible to detect that the rate of global sea-level rise is accelerating.

When NASA researchers demonstrated in October 2024 that the rate has doubled during this 30-year period, the time was right to compare this finding with projections that were made during the mid-1990s, independent of the satellite measurements.




In 1996, the Intergovernmental Panel on Climate Change published an assessment report soon after the satellite-based sea-level measurements had started. It projected that the most likely amount of global sea-level rise over the next 30 years would be almost 8 cm (three inches), remarkably close to the 9 cm that has occurred. But it also underestimated the role of melting ice sheets by more than 2 cm (about one inch).

At the time, little was known about the role of warming ocean waters and how that could destabilize marine sectors of the Antarctic Ice Sheet from below. Ice flow from the Greenland Ice Sheet into the ocean has also been faster than foreseen.

The past difficulties of predicting the behavior of ice sheets also contain a message for the future. Current projections of future sea-level rise consider the possibility, albeit uncertain and of low likelihood, of catastrophic ice-sheet collapse before the end of this century. Low-lying coastal regions in the United States would be particularly affected if such a collapse occurs in Antarctica.

The paper was co-authored by colleagues from the University of Oslo and NASA's Jet Propulsion Laboratory at Caltech.
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The fat you can't see may be damaging your heart, even if you exercise | ScienceDaily


						
[image: Hidden Belly Fat Ages the Heart Faster]
 Two MRI scans, showing the person on left with more visceral fat (in red) and subcutaeous fat (in blue). Credit: AMRA Medical

 





						Excessive amounts of visceral fat -- the hidden fat surrounding organs -- is linked with faster aging of the heart, a new study has found.

Aging is the biggest risk factor for heart disease, but why some people age faster than others isn't fully understood. The scientists leading the research say that visceral body fat could play an important role in accelerating aging of the heart and blood vessels. This type of fat is known to be harmful to health and this study now links it to faster heart aging.

The study, led by scientists from the Medical Research Council (MRC) Laboratory of Medical Sciences, in London, UK, also found differences between men and women, and discovered that fat around the hips and thighs could potentially slow heart aging in women.

In the study, published in the European Heart Journal, the scientists analyzed data from 21,241 participants in UK Biobank, which includes whole body imaging to map the amount of fat and where it is located in the body.

The UK Biobank data also includes detailed imaging of the heart and blood vessels. Artificial intelligence was used to analyse these images to capture signs of organ aging -- such as tissues becoming stiff and inflamed. An individual was given a "heart age" which can be compared to their actual age at the time of the scan.

The researchers found that faster heart aging was linked to having more visceral adipose tissue. Visceral adipose tissue is fat found deep inside the abdomen around organs such as the stomach, intestines, and liver. This type of fat cannot be seen from the outside, and some people can have large amounts of visceral fat despite having a healthy weight.

The researchers found signs on blood tests that visceral fat is linked to increased inflammation in the body - which is a potential cause of premature aging.

They also found differences between the sexes. Male-type fat distribution (fat around the belly, often called 'apple' shaped) was particularly predictive of early aging in men.

In contrast, a genetic predisposition to female-type fat (fat on the hips and thighs, often called "pear" shaped) was protective against heart aging in women.

The researchers also found a link between higher oestrogen levels in premenopausal women and a slowing of heart aging, which they suggest could indicate a role for hormones in protecting against heart aging.

Professor Declan O'Regan, who led the research at the MRC Laboratory of Medical Sciences and Imperial College London, and is the British Heart Foundation Professor of Cardiovascular AI, said: "We have known about the apple and pear distinction in body fat, but it hasn't been clear howit leads to poor health outcomes. Our research shows that "bad" fat, hidden deep around the organs, accelerates aging of the heart. But some types of fat could protect against aging- specifically fat around the hips and thighs in women."

"We also showed that BMI wasn't a good way of predicting heart age which underscores the importance of knowing where fat is stored in the body and not just total body weight."

"The goal of our research is to find ways to increase healthy lifespan. While being active is important, we found that hidden fat could still be harmful even in fit people. In the future we plan to investigate how drug therapies, such as GLP-1 inhibitors (e.g. Ozempic) could improve not just diabetes and obesity, but target the aging effects of hidden visceral fat."

This study was funded by the Medical Research Council, British Heart Foundation, and the National Institute for Health and Care Research Imperial College Biomedical Research Centre.

Professor Bryan Williams OBE, chief scientific and medical officer at the British Heart Foundation said: "We already know excess visceral fat around the heart and liver can lead to increased blood pressure and high cholesterol, so it is concerning that it could also help to speed up aging of the heart and blood vessels.

"As the pattern of fat distribution typically seen in women's bodies is linked to oestrogen, that hormone may be key to future therapies developed to tackle heart aging.

"Eating a healthier diet and becoming more active can help to reduce visceral fat levels."
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Experts warn: Smartphones before 13 could harm mental health for life | ScienceDaily
Owning a smartphone before age 13 is associated with poorer mind health and wellbeing in early adulthood, according to a global study of more than 100,000 young people.


						
Published recently in the peer-reviewed Journal of Human Development and Capabilities, the study found that 18- to 24-year-olds who had received their first smartphone at age 12 or younger were more likely to report suicidal thoughts, aggression, detachment from reality, poorer emotional regulation, and low self-worth.

The data also shows evidence that these effects of smartphone ownership at an early age are in large part associated with early social media access and higher risks of cyberbullying, disrupted sleep, and poor family relationships by adulthood.

A team of experts from Sapien Labs, which hosts the world's largest database on mental wellbeing, the Global Mind Project -- where the data for this research was pooled from -- are calling for urgent action to protect the mind health of future generations.

"Our data indicate that early smartphone ownership -- and the social media access it often brings -- is linked with a profound shift in mind health and wellbeing in early adulthood," says lead author neuroscientist Dr Tara Thiagarajan, who is the founder and Chief Scientist of Sapien Labs.

"These correlations are mediated through several factors, including social media access, cyberbullying, disrupted sleep, and poor family relationships leading to symptoms in adulthood that are not the traditional mental health symptoms of depression and anxiety and can be missed by studies using standard screeners. These symptoms of increased aggression, detachment from reality and suicidal thoughts can have significant societal consequences as their rates grow in younger generations.

"Based on these findings, and with the age of first smartphones now well under age 13 across the world, we urge policymakers to adopt a precautionary approach, similar to regulations on alcohol and tobacco, by restricting smartphone access for under 13s, mandating digital literacy education and enforcing corporate accountability."

Since the early 2000s, smartphones have reshaped how young people connect, learn and form identities. But alongside these opportunities come growing concerns over how AI-driven social media algorithms may amplify harmful content and encourage social comparison -- while also impacting on other activities such as face-to-face interaction and sleep.




Although many social media platforms set a minimum user age of 13, enforcement is inconsistent. Meanwhile, the average age of first smartphone ownership continues to fall, with many children spending hours a day on their devices.

Currently, it is a mixed picture internationally around the banning on phones in schools, at least. In recent years, several countries have banned or restricted cell phone use in institutions, including France, the Netherlands, Italy, and New Zealand. Results of these moves are limited, however a study commissioned by the Dutch government has found improved focus among students. This month, policymakers in New York have announced it was to become the largest US state yet to ban smartphones in schools, joining locations such as Alabama, Arkansas, Nebraska, North Dakota, Oklahoma and West Virginia which have all passed legislation requiring schools to have policies that at least limit access to smartphones.

Overall, previous studies into screen time, social media and smartphone access and various mental health outcomes have shown negative effects, but also mixed, often conflicting results -- making it hard for policymakers, schools, and families to navigate this issue. Possibly this may have to do with the use of screeners that miss the critical associated symptoms.

For this new analysis, the team at Sapien drew data from their Global Mind Project, and then used the Mind Health Quotient (MHQ) -- a self-assessment tool that measures social, emotional, cognitive, and physical wellbeing -- to generate an overall 'mind health' score.

Their results showed:

* The specific symptoms most strongly linked with earlier smartphone ownership include suicidal thoughts, aggression, detachment from reality, and hallucinations.




* Young adults who received their first smartphone before age 13 had lower MHQ scores, with scores progressively declining the younger the age of first ownership. For example, those who owned a smartphone at age 13 scored an average of 30, dropping to just 1 for those who had one at age five.

* Correspondingly, the percentage considered distressed or struggling (with scores indicating they had five or more severe symptoms) rose by 9.5% for females and 7% for males. This pattern was consistent across all regions, cultures and languages, pointing to a critical window of heightened vulnerability.

* That younger ownership is also associated with diminished self-image, self-worth and confidence, and emotional resilience among females, and lower stability and calmness, self-worth and empathy among males.

Further analysis indicated that early access to social media explains about 40% of the association between earlier childhood smartphone ownership and later mind health, with poor family relationships (13%), cyberbullying (10%) and disrupted sleep (12%) also playing significant downstream roles.

The researchers acknowledge the COVID-19 pandemic may have magnified these patterns, but the consistency of these trends across all global regions suggests a broader developmental impact of early smartphone access.

While current evidence does not yet prove direct causation between early smartphone ownership and later mind health and wellbeing, a limitation of the paper, the authors argue that the scale of the potential harm is too great to ignore and justifies a precautionary response.

They recommend four key areas for policymakers to address:

* A requirement of mandatory education on digital literacy and mental health.

* To strengthen the active identification of social media age violations and ensure meaningful consequences for technology companies.

* Restricting access to social media platforms.

* Implementing graduated access restrictions for smartphones.

"Altogether, these policy recommendations aim to safeguard mind health during critical developmental windows," states Dr Thiagarajan, whose research specialism focuses on the impact of environment on the brain and mind, with an interest in understanding and enabling the productive evolution of the human mind and human systems.

"Their implementation requires substantial political and societal will, effective enforcement, and a multi-stakeholder approach, but successful precedents do exist. For example, in the United States, underage alcohol access and consumption is regulated through a combination of parental, commercial, and corporate accountability."

Concluding she states: "Our evidence suggests childhood smartphone ownership, an early gateway into AI-powered digital environments, is profoundly diminishing mind health and wellbeing in adulthood with deep consequences for individual agency and societal flourishing.

"I was initially surprised by how strong the results are. However when you give it due consideration, it does begin to make sense that the younger developing mind is more compromised by the online environment given their vulnerability and lack of worldly experience.

"That said, I think it is also important to point out that smartphones and social media are not the only assault to mental health and crisis facing younger adults. It explains some of the overall decline but not all of it. "Now, while more research is needed to unravel the causal mechanisms, waiting for irrefutable proof in the face of these population-level findings unfortunately risks missing the window for timely, preventative action."

This paper is part of a special cohesive set, entitled 'The Policy Forum', in the upcoming publication of Journal of Human Development and Capabilities.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/09/250906013448.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Baby pterosaurs died in ancient storms-and their fossils reveal the truth | ScienceDaily
The cause of death for two baby pterosaurs has been revealed by University of Leicester paleontologists in a post-mortem 150 million years in the making.


						
Detailed in a new study in the journal Current Biology, their findings show how these flying reptiles were tragically struck down by powerful storms that also created the ideal conditions to preserve them and hundreds more fossils like them.

The Mesozoic, or age of reptiles, is often imagined as a time of giants. Towering dinosaurs, monstrous marine reptiles, and vast-winged pterosaurs dominate museum halls and the public consciousness. But this familiar picture is skewed. Just as today's ecosystems are mostly populated by small animals, so too were ancient ones. The difference? Fossilization tends to favor the largest and the most robust organisms. Small, fragile creatures rarely make it into the paleontological record.

On rare occasions, however, nature conspires to preserve the delicate and the diminutive inhabitants of these lost worlds. One of the most famous examples is the 150-million-year-old Solnhofen Limestones of southern Germany. These lagoonal deposits are renowned for their exquisitely preserved fossils, including many specimens of pterosaurs, the flying reptiles of the Mesozoic.

Yet here lies a mystery: while Solnhofen has yielded hundreds of pterosaur fossils, nearly all are very small, very young individuals, perfectly preserved. By contrast, larger, adult pterosaurs are rarely found, and when they are, they're represented only by fragments (often isolated skulls or limbs). This pattern runs counter to expectations: larger, more robust animals should stand a better chance of fossilization than delicate juveniles.

Lead author of the study Rab Smyth, from the University of Leicester's Centre for Palaeobiology and Biosphere Evolution, was funded by the Natural Environment Research Council through the CENTA Doctoral Training Partnership

Rab said: "Pterosaurs had incredibly lightweight skeletons. Hollow, thin-walled bones are ideal for flight but terrible for fossilization. The odds of preserving one are already slim and finding a fossil that tells you how the animal died is even rarer."

The discovery of two baby pterosaurs with broken wings has helped to solve this mystery. These tiny fossils, though easily overlooked, are powerful evidence of ancient tropical storms and how they shaped the fossil record.




Ironically nicknamed Lucky and Lucky II by the researchers, the two individuals belong to Pterodactylus, the first pterosaur ever scientifically named. With wingspans of less than 20 cm (8 inches) these hatchlings are among the smallest of all known pterosaurs. Their skeletons are complete, articulated and virtually unchanged from when they died. Except for one detail. Both show the same unusual injury: a clean, slanted fracture to the humerus. Lucky's left wing and Lucky II's right wing were both broken in a way that suggests a powerful twisting force, likely the result of powerful gusts of wind rather than a collision with a hard surface.

Catastrophically injured, the pterosaurs plunged into the surface of the lagoon, drowning in the storm driven waves and quickly sinking to the seabed where they were rapidly buried by very fine limy muds stirred up by the death storms. This rapid burial allowed for the remarkable preservation seen in their fossils.

Like Lucky I and II, which were only a few days or weeks old when they died, there are many other small, very young pterosaurs in the Solnhofen Limestones, preserved in the same way as the Luckies, but without obvious evidence of skeletal trauma. Unable to resist the strength of storms these young pterosaurs were also flung into the lagoon. This discovery explains why smaller fossils are so well preserved - they were a direct result of storms - a common cause of death for pterosaurs that lived in the region.

Larger, stronger individuals, it seems, were able to weather the storms and rarely followed the Luckies stormy road to death. They did eventually die though but likely floated for days or weeks on the now calm surfaces of the Solnhofen lagoon, occasionally dropping parts of their carcasses into the abyss as they slowly decomposed.

"For centuries, scientists believed that the Solnhofen lagoon ecosystems were dominated by small pterosaurs," said Smyth. "But we now know this view is deeply biased. Many of these pterosaurs weren't native to the lagoon at all. Most are inexperienced juveniles that were likely living on nearby islands that were unfortunately caught up in powerful storms."

Co-author Dr David Unwin from the University of Leicester added: "When Rab spotted Lucky we were very excited but realized that it was a one-off. Was it representative in any way? A year later, when Rab noticed Lucky II we knew that it was no longer a freak find but evidence of how these animals were dying. Later still, when we had a chance to light-up Lucky II with our UV torches, it literally leapt out of the rock at us -- and our hearts stopped. Neither of us will ever forget that moment."

This research was supported by the Central England NERC Training Alliance (CENTA), under grant number NE/S007350/1.
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Scientists made plastic that eats carbon | ScienceDaily

As CO2 concentrations in the atmosphere keep rising regardless of years of political intentions to limit emissions, the world's oceans are drowning in plastics, which threatens marine environments and ecosystems.

The key global problems are often interconnected, and typically, the solution to one problem creates another one while the clock keeps ticking. But what if we could solve several problems at the same time?

It's almost too good to be true, but a new cutting-edge invention promises to do just that. Researchers at the University of Copenhagen have developed a method where one man's trash really does become another man's "treasure," when decomposed PET plastic becomes the main ingredient in efficient and sustainable CO2 capture.

We know the material from plastic bottles, textiles, and many other uses: PET plastic is one of the most widely used types of plastic in the world, but when it has served its purpose, it becomes a pressing global environmental issue. This is because it ends up in landfills in many parts of the world, where it breaks down into polluting microplastics that spread to the air, soil and groundwater. A large portion also end up in the oceans.

"The beauty of this method is that we solve a problem without creating a new one. By turning waste into a raw material that can actively reduce greenhouse gases, we make an environmental issue part of the solution to the climate crisis," says Margarita Poderyte from the Department of Chemistry at the University of Copenhagen, lead author of the research paper disclosing the invention.

The solution is a potential win-win on a global scale, where plastic waste not only does not end up in nature but also becomes an active player in climate mitigation.




With the new chemical technology, researchers can transform PET plastic waste that is overlooked by recyclers into a primary resource in a new form of CO2 sorbent they have developed. The process 'upcycles' it to a new material the researchers have named BAETA, which can absorb CO2 out of the atmosphere so efficiently that it easily compares with existing carbon capture technologies.

Sustainable, flexible and scalable

The BAETA material has a powdery structure that can be pelletized, and a chemically 'upgraded' surface, which enables it to very effectively bind and chemically capture CO2. Once saturated, CO2 can be released through a heating process allowing the CO2 to be concentrated, collected and stored or converted into a sustainable resource. In practice, the researchers expect the technology to be first installed on industrial plants with exhausts from chimneys passing through BAETA units to cleanse them of CO2.

The research paper is now published in Sciences Advances and describes the chemical process behind the invention. The process is gentle compared to existing technologies and, at the same time, well-suited for industrial scaling.

"The main ingredient is plastic waste that would otherwise have an unsustainable afterlife, and the synthesis we use, where the chemical transformation takes place, is gentler than other materials for CO2 capture because we can make the synthesis in ambient temperatures. It also has the advantage that the technology can be scaled up more easily," Margarita Poderyte says.

She is seconded by co-author and Associate Professor at the Department of Chemistry, Jiwoong Lee, who highlights the material's flexibility also.




"One of the impressive things about this material is that it stays effective for a long time. And flexible. It works efficiently from normal room temperature up to about 150 degrees Celsius, making it very useful. With this kind of tolerance to high temperatures, the material can be used at the end of industrial plants where the exhausts are typically hot," Jiwoong Lee says.

From laboratory to innovation at the end of the chimney

With a potentially revolutionary idea, a proven method and an effective finished product, the researchers are now ready for the next step.

"We see great potential for this material, not just in the lab, but in real-life industrial carbon capture plants. The next big step is scaling up to produce the material in tonnes, and we're already working to attract investments and make our invention a financially sustainable business venture," Margaryte Poderyte says.

The technical challenges do not worry the researchers. Instead, the decisive challenge, they say, is to persuade decision-makers to make the necessary investments. If they succeed in that, the invention could ultimately lead to significant changes.

A sea of cheap plastic

Large amounts of PET plastic accumulate in our oceans, damaging ecosystems and breaking down into microplastics, the consequences of which are yet unknown. That sort of plastic is very well suited for the technology.

"If we can get our hands on the highly decomposed PET plastic floating in the world's oceans, it will be a valuable resource for us as it's so well suited for upcycling with our method," Margarita Poderyte says.

The researchers hope that their invention can help to fundamentally change the way we see climate and environmental issues as separate problems.

"We're not talking about stand-alone issues, nor will the solutions be. Our material can create a very concrete economic incentive to cleanse the oceans of plastic," Jiwoong Lee says.

* Facts: How CO2 capture works

Measured in weight, PET plastic constitutes over 60 percent of carbon, and the material has an inherent chemical and physical ability to maintain the structure.

This ability is enhanced by transforming the plastic by adding a quantity of ethylenediamine, a compound known for its ability to bind CO2.

The process breaks down the plastic from polymer to a monomer, giving the material a chemical composition that is very effective in pulling CO2 out of the air and binding it.

The material is called BAETA.

In industrial plants, the idea is to transmit the exhaust through BETA units, which will cleanse it of CO2. When the BAETA material is saturated, its efficiency decreases; however, CO2 can be released from the plastic through a heating process, restoring its efficiency.

The carbon released can then be stored underground or used in Power2X plants via CO2 utilization.

More info: No conflict with recycling

During the development process, the researchers encountered concerns that their technology could undermine efforts to recycle plastic, which has been heavily invested in. Fortunately, that is not the case, they say.

"In principle, we could use new plastic for our method, but our target is PET plastic that is difficult to recycle because of low quality, coloration or mixed sources - or that has decomposed to such a degree that it's no longer suitable for recycling. So, this will be a collaboration rather than competition with the efforts to recycle plastic," Margarita Poderyte says.

About the study:

This project is supported by the Novo Nordisk Foundation CO2 Research Center in collaboration with the group of Niels Christian Nielsen, Aarhus University.

The following researchers have contributed to the research article:
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Tiny gold quantum needles with astonishing powers discovered | ScienceDaily
Researchers Shinjiro Takano, Yuya Hamasaki, and Tatsuya Tsukuda of the University of Tokyo have successfully visualized the geometric structure of growing gold nanoclusters in their earliest stages. During this process, they also successfully "grew" a novel structure of elongated nanoclusters, which they named "gold quantum needles." Thanks to their responsiveness to light in the near-infrared range, these "needles" could enable much higher-resolution biomedical imaging and more efficient light-energy conversion. The findings were published in the Journal of the American Chemical Society.


						
Although gold might conjure up images of pomp and luxury, it is also an essential element of modern nanotechnology due to its unique structures and properties at the nanoscale. Gold nanoclusters composed of fewer than 100 atoms are typically synthesized by reducing, that is, adding electrons, gold precursor ions in the presence of protective ligands. However, synthesizing gold nanoclusters of the desired size, shape, and composition is still a challenge.

"Over the past years," says Tsukuda, the principal investigator, "much effort has been devoted to understanding the correlation between the structure and physicochemical properties of the nanoclusters. However, the formation process is regarded as a black box. We initiated this project with the belief that understanding the initial stages of cluster formation will lead to the development of new, targeted synthesis methods for desired structures."

The researchers thus set out to determine the geometric structures of gold nanoclusters at the initial stages of their formation. They used slightly unusual synthesis conditions to trap the nanoclusters in the very first stages of growth. Single-crystal X-ray diffraction analysis, an X-ray for chemical compounds, if you will, revealed that gold nanoclusters grew anisotropically, at a different rate in different directions. Moreover, the analysis revealed an entirely new structure: pencil-shaped nanoclusters composed of triangular trimers and tetrahedral tetramers. The researchers named them "gold quantum needles" because the electrons confined in these nanoclusters demonstrated quantized behavior, a quantum phenomenon in which electrons can take only specific potential energies.

"We could retroactively explain the formation processes of a series of small gold nanoclusters under our unusual synthetic conditions," Tsukuda explains. "However, the formation of needles with a base of a triangle of three gold atoms instead of a nearly spherical cluster is a serendipitous finding that was far beyond our imagination."

The structural snapshots the researchers acquired of the stepwise growth of gold nanoclusters greatly contribute to our understanding of the formation mechanism. However, Tsukuda is already thinking about the next steps.

"We would like to explore synthesizing other, unique nanoclusters by refining the synthesis conditions further. We would also like to collaborate with other experts to promote the application of gold quantum needles, leveraging their exceptional optical properties."
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Ghost sharks grow teeth on their heads to mate | ScienceDaily
Male "ghost sharks" -- eerie deep-sea fish known as chimaeras that are related to sharks and rays -- have a strange rod jutting from their foreheads, studded with sharp, retractable teeth. New research reveals these are not merely lookalikes, but real rows of teeth that grow outside the mouth.


						
What's more, the toothy appendage is likely used for mating. Found only in males, the forehead rod -- called a tenaculum -- is the ghost sharks' only source of distinct teeth, and it seems to be used to grasp females in much the same way sharks use their toothy mouths in mating.

"If these strange chimaeras are sticking teeth on the front of their head, it makes you think about the dynamism of tooth development more generally," said Gareth Fraser, Ph.D., a professor of biology at the University of Florida and senior author of the study. "If chimaeras can make a set of teeth outside the mouth, where else might we find teeth?"

The team, including scientists from the University of Washington and the University of Chicago, studied both fossils and living specimens to solve the mystery. A 315-million-year-old fossil showed the tenaculum attached to the upper jaw, bearing teeth incredibly similar to those in the mouth. Modern chimaeras collected from Puget Sound revealed the same tooth-growing process on the head, seen in modern-day shark jaws. And genetic testing confirmed they expressed the same tooth-specific genes as oral teeth.

"What we found is that the teeth on this strange appendage look very much like rows of shark teeth. The ability to make teeth transferred onto that appendage, likely from the mouth," Fraser said. "Over time, the tenaculum shortened but retained the ability to make oral teeth on this forehead appendage."

Fraser collaborated with Washington's Karly Cohen, Ph.D., and Michael Coates, Ph.D., from Chicago on the study, which was published this week in the Proceedings of the National Academy of Sciences.

As experts in shark evolution and anatomy, the scientists were intrigued by these tooth-filled rods sprouting from the ghost shark foreheads. The central mystery: Is the tenaculum covered in true teeth related to oral teeth or more similar to the tooth-like scales plastering the skin of sharks and some ghost sharks?




CT scans of the fossils and modern chimaeras gave the scientists unprecedented, detailed insights into the development of the tenaculum teeth, which looked remarkably similar to the teeth of today's sharks. The nail in the coffin came from genetic evidence. The tenaculum teeth express genes found only in true teeth, never in shark skin denticles.

"What I think is very neat about this project is that it provides a beautiful example of evolutionary tinkering or 'bricolage,'" said Coates, a professor of biology at the University of Chicago. "We have a combination of experimental data with paleontological evidence to show how these fishes co-opted a preexisting program for manufacturing teeth to make a new device that is essential for reproduction."

Cohen, a postdoctoral researcher at the University of Washington's Friday Harbor Labs and first author of the paper, said scientists had never spotted teeth outside the mouth in this way before.

"The tenaculum is a developmental relic, not a bizarre one-off, and the first clear example of a toothed structure outside the jaw," she said.

The bizarre path from a mouth full of teeth to forehead teeth used for mating demonstrates the impressive flexibility of evolution, the researchers say, always ready to repurpose structures for strange and unexpected new uses.

"There are still plenty of surprises down in the ocean depths that we have yet to uncover," Fraser said.
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Oceans could reach a dangerous tipping point by 2050 | ScienceDaily
The seas have long sustained human life, but a new UC Santa Barbara study shows that rising climate and human pressures are pushing the oceans toward a dangerous threshold.


						
Vast and powerful, the oceans can seem limitless in their abundance and impervious to disturbances. For millennia, humans have supported their lives, livelihoods and lifestyles with the ocean, relying on its diverse ecosystems for food and material, but also for recreation, business, wellness and tourism.

Yet the future of our oceans is worrying, according to researchers at UCSB's National Center for Ecological Analysis and Synthesis (NCEAS).

"Our cumulative impact on the oceans, which is already substantial, is going to double by 2050 -- in just 25 years," said marine ecologist and NCEAS director Ben Halpern, who led the effort to forecast the future state of marine environments as they bow under the combined pressures of human activities, which include ocean warming, fisheries biomass loss, sea level rise, acidification and nutrient pollution, among other impacts. "It's sobering. And it's unexpected, not because impacts will be increasing -- that is not surprising -- but because they will be increasing so much, so fast."

The research team, which includes collaborators from Nelson Mandela University in South Africa, also finds that the tropics and the poles will experience the fastest changes in impacts, and that coastal areas will feel the brunt of the increased impacts.

Their research, supported in large part by the National Science Foundation, is published in the journal Science.

A comprehensive global model of human impacts

As human activity on the ocean and along the coast has intensified, so have impacts on the marine environment. Halpern and a group of scientists first tackled the challenge of understanding how these pieces fit together to affect the ocean nearly 20 years ago, laying the groundwork for the current study.




"People tracked one issue at a time, but not everything together," Halpern said. "More importantly, there was a pervasive sense that the ocean is so huge the human impacts couldn't possibly be that bad."

Their quest to build a comprehensive model of human impacts on the ocean led to a 2008 paper in the journal Science, a landmark study that synthesized 17 global data sets to map the intensity and extent of human activity on the world's oceans. That initial view revealed startling results: No place was untouched, and 41% of the world's marine environments were heavily impacted.

"The previous paper tells us where we are; the current paper tells us where we are headed," Halpern said.

Ocean warming and biomass loss due to fisheries are expected to be the largest overall contributors to future cumulative impacts. Meanwhile, the tropics face rapidly increasing rates of impact, while the poles, which already experience a high level of impact, are expected to experience even more. According to the paper, the high level of future impacts "may exceed the capacity of ecosystems to cope with environmental change," in turn posing challenges for human societies and institutions in a variety of ways."

The world's coasts are expected to bear the brunt of these increasing cumulative impacts -- an unsurprising reality, the researchers say, given most human uses of the ocean are near coasts. Yet it's also a "worrisome result nonetheless," according to the paper, because the coasts "are where people derive most value from the ocean." Additionally, many countries are dependent on the ocean for food, livelihood and other benefits. "Many of these countries will face substantial increases," Halpern said.

The authors contend that enacting policies to reduce climate change and to strengthen fisheries management could be effective ways to manage and reduce human impacts, given the outsize roles that ocean warming and biomass loss play in the estimate of future human impacts on the ocean. Likewise, prioritizing management of habitats that are expected to be heavily impacted -- such as salt marshes and mangroves -- could help reduce the pressures on them.




In presenting these forecasts and analyses, the researchers hope that effective action can be taken sooner rather than later to minimize or mitigate the effects of increased pressures from human activity.

"Being able to look into the future is a super powerful planning tool," Halpern said. "We can still alter that future; this paper is a warning, not a prescription."

Research in this paper was also conducted by Melanie Frazier and Casey C. O'Hara at UCSB, and Alejandra Vargas-Fonseca and Amanda T. Lombard at Nelson Mandela University in South Africa.
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These clear windows can secretly produce solar power | ScienceDaily
A research team led by Nanjing University has introduced a transparent, colorless, and unidirectional solar concentrator that can be directly coated onto standard window glass. Utilizing cholesteric liquid crystal (CLC) multilayers with submicron lateral periodicities, this diffractive-type solar concentrator (CUSC) selectively guides sunlight toward the edge of the window where photovoltaic cells are installed. The study appears in PhotoniX.


						
Unlike conventional luminescent or scattering-based concentrators, which often suffer from visual distortion, low efficiency, and poor scalability, the new CUSC achieves broadband polarization-selective diffraction and waveguiding without compromising clarity. The device maintains a high average visible transmittance (64.2%) and color rendering index (91.3), enabling clean energy generation without altering the appearance of the window.

"By engineering the structure of cholesteric liquid crystal films, we create a system that selectively diffracts circularly polarized light, guiding it into the glass waveguide at steep angles," said Dr. Dewei Zhang, co-first author. "This allows up to 38.1% of incident green light energy to be collected at the edge."

Experiments showed that a 1-inch-diameter prototype could directly power a 10-mW fan under sunlight. Modeling suggests a typical 2-meter-wide CUSC window could concentrate sunlight by 50 times, significantly reducing the number of photovoltaic cells required by up to 75%. The system supports integration with high-performance PV cells such as gallium arsenide for enhanced power conversion.

The multilayered CLC films are fabricated via photoalignment and polymerization techniques and are scalable via roll-to-roll manufacturing. The design remains stable under long-term exposure and can be retrofitted onto existing windows for sustainable urban upgrades.

"The CUSC design is a step forward in integrating solar technology into the built environment without sacrificing aesthetics," said Professor Wei Hu. "It represents a practical and scalable strategy for carbon reduction and energy self-sufficiency."

Future work will focus on enhancing broadband efficiency, polarization control, and adapting the technology for agricultural greenhouses and transparent solar displays. Their vision: to turn passive glass into active, energy-generating surfaces worldwide.
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Scientists just found a hidden quantum geometry that warps electrons | ScienceDaily
How can data be processed at lightning speed, or electricity conducted without loss? To achieve this, scientists and industry alike are turning to quantum materials, governed by the laws of the infinitesimal. Designing such materials requires a detailed understanding of atomic phenomena, much of which remains unexplored. A team from the University of Geneva (UNIGE), in collaboration with the University of Salerno and the CNR-SPIN Institute (Italy), has taken a major step forward by uncovering a hidden geometry -- until now purely theoretical -- that distorts the trajectories of electrons in much the same way gravity bends the path of light. This work, published in Science, opens new avenues for quantum electronics.


						
Future technologies depend on high-performance materials with unprecedented properties, rooted in quantum physics. At the heart of this revolution lies the study of matter at the microscopic scale -- the very essence of quantum physics. In the past century, exploring atoms, electrons and photons within materials gave rise to transistors and, ultimately, to modern computing.

New quantum phenomena that defy established models are still being discovered today. Recent studies suggest the possible emergence of a geometry within certain materials when vast numbers of particles are observed. This geometry appears to distort the trajectories of electrons in these materials -- much like Einstein's gravity bends the path of light.

From theory to observation

Known as quantum metric, this geometry reflects the curvature of the quantum space in which electrons move. It plays a crucial role in many phenomena at the microscopic scale of matter. Yet detecting its presence and effects remains a major challenge.

''The concept of quantum metric dates back about 20 years, but for a long time it was regarded purely as a theoretical construct. Only in recent years have scientists begun to explore its tangible effects on the properties of matter,'' explains Andrea Caviglia, full professor and director of the Department of Quantum Matter Physics at the UNIGE Faculty of Science.

Thanks to recent work, the team led by the UNIGE researcher, in collaboration with Carmine Ortix, associate professor in the Department of Physics at the University of Salerno, has detected quantum metric at the interface between two oxides -- strontium titanate and lanthanum aluminate -- a well-known quantum material. ''Its presence can be revealed by observing how electron trajectories are distorted under the combined influence of quantum metric and intense magnetic fields applied to solids,'' explains Giacomo Sala, research associate in the Department of Quantum Matter Physics at the UNIGE Faculty of Science and lead author of the study.

Unlocking Future Technologies

Observing this phenomenon makes it possible to characterise a material's optical, electronic and transport properties with greater precision. The research team also demonstrates that quantum metric is an intrinsic property of many materials -- contrary to previous assumptions.

''These discoveries open up new avenues for exploring and harnessing quantum geometry in a wide range of materials, with major implications for future electronics operating at terahertz frequencies (a trillion hertz), as well as for superconductivity and light-matter interactions,'' concludes Andrea Caviglia.
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Seagrass found to be a powerful carbon sponge with a surprising weakness | ScienceDaily
Seagrass has the potential to be one of the world's most effective sponges at soaking up and storing carbon, but we don't yet know how nutrient pollution affects its ability to sequester carbon.


						
In a pair of studies, U-M researchers evaluated the impact of nitrogen and phosphorus on seagrass, short, turf-like grasses that live in shallow, coastal areas. Examining data gathered from a plot of seagrass enriched with nutrients over a period of nine years, the scientists found that nutrients can increase seagrass's ability to store carbon. However, in a second study, they also found that an overload of nitrogen could lead to increased phytoplankton growth, which can shade out and kill seagrass.

Both studies, published in Global Change Biology and Conservation Letters, respectively, were supported by the National Science Foundation and the David and Lucille Packard Foundation.

Jacob Allgeier, associate professor of ecology and evolutionary biology, studies fish and seagrass and coral ecology in bays of the Bahamas and Dominican Republic. He noticed that seagrasses growing in bays overloaded with nutrients, mostly from human wastewater, quickly died off. Light couldn't penetrate through the phytoplankton, which also proliferated under the high-nutrient conditions.

However, in other bays that experienced nutrient runoff but didn't have light-shading phytoplankton, he saw that seagrass grew well. Coastal tropical areas are often nutrient-starved. When the seagrasses growing there are bathed in nutrients, their growth takes off as long as there is not too much phytoplankton blocking out light, Allgeier says.

The researchers, led by recent U-M doctoral graduate Bridget Shayka, found that in relatively nutrient-poor beds of seagrass, phosphorus and nitrogen helped seagrass grow. As the seagrass grew, it first invested in its underground growth, or root systems, storing carbon in its roots. Then, the grass invested in above ground structures -- their blades. The end result was that the roots grew quickly but also died quickly, which shunted extra carbon into the sediment surrounding the roots and sequestered it at a higher rate.

"People thought excess nutrients were killing seagrass," Allgeier said. "But we show that as long as there are not too many nutrients, which would also increase phytoplankton, the seagrass will just increase growth with excess nutrients."

To study nutrient impacts, Shayka and Allgeier took samples of the seagrass from test plots in the Bahamas that had been treated with nutrients for nine years. Shayka and a raft of 17 undergraduates painstakingly untangled the seagrass, separating the grass into parts: the blades that grow above ground but under water, the sheath from which the blades emerge, the seagrass's roots and the seagrass's rhizomes -- basically an underground stem from which other seagrass plants can grow.




They then freeze-dried each part, pulverized them and tested them for nitrogen, phosphorus and carbon. In addition to finding that increasing nutrients in the system increased carbon turnover in the plants, the researchers also found that nutrients supplied by human sources had a greater impact on the seagrasses than those supplied by fish.

"The systems we study are pretty low-nutrient systems, so adding nutrients can increase seagrass production," said Shayka, now a program officer for the nonprofit Ocean Visions. "But we also know that when you go too far and add too many nutrients, it really destroys these systems. It's one of the leading causes of their destruction around the world and in coastal systems."

In the second study, the researchers tested which nutrient, nitrogen or phosphorus, had the greatest impact on seagrass, as well as whether the ratio of nitrogen to phosphorus or the total amount of each nutrient had the greatest effect on the system. They also examined nutrient impacts on phytoplankton.

To do this, they created 21 different ratios of nitrogen to phosphorus and added nutrients to test plots of seagrass growing in a different part of the same bay as well as to phytoplankton in bottles. They found that phosphorus had a bigger positive effect on seagrass growth than nitrogen in the nutrient-poor conditions.

Longstanding ecological theory suggests that the ratio of nutrients has the greatest impact on a system -- but the researchers found that in this particular case, phosphorus had a greater effect on seagrass while nitrogen had a greater effect on phytoplankton growth. In particular, the researchers found that the addition of nitrogen caused the rates of phytoplankton in the bottles to skyrocket, showing that increasing nitrogen in the natural landscape could lead to levels of phytoplankton that would shade out the seagrass.

"When you grow tomatoes, you don't just add nitrogen. You add a perfect ratio of nitrogen and phosphorus. That idea is replete in our society," Allgeier said. "But because we tested the water column and because we tested the seagrass, we're able to say that model doesn't work in our system."

This finding could inform how local communities control for nutrient impacts to seagrass.

"We're not stopping nutrient enrichment. It's just not going to stop," Allgeier said. "But we can manage it. And how do you best manage it? We scrub it for nitrogen."
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Woolly mammoth teeth reveal the world's oldest microbial DNA | ScienceDaily
An international team led by researchers at the Centre for Palaeogenetics, has uncovered microbial DNA preserved in woolly and steppe mammoth remains dating back more than one million years. The analyses reveal some of the world's oldest microbial DNA ever recovered, as well as the identification of bacteria that possibly caused disease in mammoths. The findings are published in Cell.


						
Researchers at the Centre for Palaeogenetics, a collaboration between Stockholm University and the Swedish Museum of Natural History, analyzed microbial DNA from 483 mammoth specimens, of which 440 were sequenced for the first time. Among them was a steppe mammoth that lived about 1.1 million years ago. Using advanced genomic and bioinformatic techniques, the team distinguished microbes that once lived alongside the mammoths from those that invaded their remains after death.

"Imagine holding a million-year-old mammoth tooth. What if I told you it still carries traces of the ancient microbes that lived together with this mammoth? Our results push the study of microbial DNA back beyond a million years, opening up new possibilities to explore how host-associated microbes evolved in parallel with their hosts," says Benjamin Guinet, a postdoctoral fellow at the Centre for Palaeogenetics and lead author of the study.

Six microbial clades persisted across time and space

The analyses identified six microbial groups consistently associated with mammoth hosts, including relatives of Actinobacillus, Pasteurella, Streptococcus, and Erysipelothrix. Some of these microbes may have been pathogenic. For instance, one Pasteurella-related bacterium identified in the study is closely related to a pathogen that has caused fatal outbreaks in African elephants. Since African and Asian elephants are the closest living relatives of mammoths, these findings raise questions about whether mammoths may also have been vulnerable to similar infections.

Remarkably, the team reconstructed partial genomes of Erysipelothrix from a 1.1-million-year-old steppe mammoth, representing the oldest known host-associated microbial DNA ever recovered. This pushes the limits of what researchers can learn about the interactions between ancient hosts and their microbiomes.

"As microbes evolve fast, obtaining reliable DNA data across more than a million years was like following a trail that kept rewriting itself. Our findings show that ancient remains can preserve biological insights far beyond the host genome, offering us perspectives on how microbes influenced adaptation, disease, and extinction in Pleistocene ecosystems," says Tom van der Valk, senior author and researcher at the Centre for Palaeogenetics.

A new window into ancient ecosystems

Although the exact impact of the identified microbes on mammoth health is difficult to determine due to DNA degradation and limited comparative data, the study provides an unprecedented glimpse into the microbiomes of extinct megafauna. The results suggest that some microbial lineages coexisted with mammoths for hundreds of thousands of years, spanning both wide geographic ranges and evolutionary timescales, from over one million years ago to the extinction of woolly mammoths on Wrangel Island about 4,000 years ago.

"This work opens a new chapter in understanding the biology of extinct species. Not only can we study the genomes of mammoths themselves, but we can now begin to explore the microbial communities that lived inside them," says Love Dalen, Professor of Evolutionary Genomics at the Centre for Palaeogenetics.
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Sweeteners in diet drinks may steal years from the brain | ScienceDaily
    	The study followed 12,772 adults with an average age of 52
    	Researchers tracked seven artificial sweeteners typically found in ultra-processed foods like flavored water, soda, energy drinks, yogurt and low-calorie desserts
    	People who consumed the highest total amounts of these sweeteners had faster decline in overall thinking and memory skills compared to people who consumed the lowest amounts
    	The faster decline equaled about 1.6 years of aging
    	Researchers found a link in people under 60 but not older than 60
    	While the study found links, it does not prove that sweeteners cause cognitive decline

Some sugar substitutes may come with unexpected consequences for long-term brain health, according to a study published in the September 3, 2025, issueofNeurology(r), the medical journal of the American Academy of Neurology. The study examined seven low- and no-calorie sweeteners and found that people who consumed the highest amounts experienced faster declines in thinking and memory skills compared to those who consumed the lowest amounts. The link was even stronger in people with diabetes. While the study showed a link between the use of some artificial sweeteners and cognitive decline, it did not prove that they were a cause.

The artificial sweeteners examined in the study were aspartame, saccharin, acesulfame-K, erythritol, xylitol, sorbitol and tagatose. These are mainly found in ultra-processed foods like flavored water, soda, energy drinks, yogurt and low-calorie desserts. Some are also used as a standalone sweetener.

"Low- and no-calorie sweeteners are often seen as a healthy alternative to sugar, however our findings suggest certain sweeteners may have negative effects on brain health over time," said study author Claudia Kimie Suemoto, MD, PhD, of the University of Sao Paulo in Brazil.

The study included 12,772 adults from across Brazil. The average age was 52, and participants were followed for an average of eight years.

Participants completed questionnaires about diet at the start of the study, detailing what they ate and drank over the past year. Researchers divided them into three groups based on the total amount of artificial sweeteners they consumed. The lowest group consumed an average of 20 milligrams per day (mg/day) and the highest group consumed an average of 191 mg/day. For aspartame, this amount is equivalent to one can of diet soda. Sorbitol had the highest consumption, with an average of 64 mg/day.

Participants were given cognitive tests at the start, middle and end of the study to track memory, language and thinking skills over time. The tests assessed areas such as verbal fluency, working memory, word recall and processing speed.




After adjusting for factors such as age, sex, high blood pressure and cardiovascular disease, researchers found people who consumed the highest amount of sweeteners showed faster declines in overall thinking and memory skills than those who consumed the lowest amount, with a decline that was 62% faster. This is the equivalent of about 1.6 years of aging. Those in the middle group had a decline that was 35% faster than the lowest group, equivalent to about 1.3 years of aging.

When researchers broke the results down by age, they found that people under the age of 60 who consumed the highest amounts of sweeteners showed faster declines in verbal fluency and overall cognition when compared to those who consumed the lowest amounts. They did not find links in people over 60. They also found that the link to faster cognitive decline was stronger in participants with diabetes than in those without diabetes.

When looking at individual sweeteners, consuming aspartame, saccharin, acesulfame-k, erythritol, sorbitol and xylitol was associated with a faster decline in overall cognition, particularly in memory.

They found no link between the consumption of tagatose and cognitive decline.

"While we found links to cognitive decline for middle-aged people both with and without diabetes, people with diabetes are more likely to use artificial sweeteners as sugar substitutes," Suemoto said. "More research is needed to confirm our findings and to investigate if other refined sugar alternatives, such as applesauce, honey, maple syrup or coconut sugar, may be effective alternatives."

A limitation of the study was that not all artificial sweeteners were included. Also, diet information was reported by the participants, who may not have remembered accurately everything they ate.

The study was supported by the Brazilian Ministry of Health, the Ministry of Science, Technology, and Innovation, and the National Council for Scientific and Technological Development.
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Scientists watch Parkinson's protein drill holes in brain cells | ScienceDaily
A toxic protein forms dynamic pores in the membranes of brain cells - and that may be the key to understanding how Parkinson's disease develops. This is the conclusion of a new study from Aarhus University, where researchers have developed an advanced method to track molecular attacks in real time.


						
Parkinson's disease often begins subtly. A slight tremor in the hand. A bit of stiffness. But over time, brain cells begin to die, and the symptoms worsen. The cause has long remained a mystery - but scientists may now be a step closer to an explanation.

At the center of attention is the protein a-synuclein, which plays a role in cell-to-cell communication in the healthy brain. In Parkinson's, however, it starts to behave abnormally and clumps into toxic structures.

Until now, most research has focused on the large aggregates known as fibrils, which are visible in brain tissue from patients with Parkinson's. But a new study focuses on smaller, less understood, and more toxic structures: a-synuclein oligomers. According to the researchers, these are the ones that drill microscopic holes in the membranes of nerve cells.

The study was recently published in the prestigious journal ACS Nano, published by the American Chemical Society.

Tiny revolving doors in the cells

"We are the first to directly observe how these oligomers form pores - and how the pores behave," says Mette Galsgaard Malle, postdoctoral researcher at both Aarhus University and Harvard University.




The process unfolds in three steps. First, the oligomers attach to the membrane, especially at curved regions. Then they partially insert themselves into the membrane. Finally, they form a pore that allows molecules to pass through and potentially disrupt the cell's internal balance.

But these are not static holes. The pores constantly open and close like tiny revolving doors.

"This dynamic behavior may help explain why the cells don't die immediately," says Bo Volf Brochner, PhD student and first author of the study. "If the pores remained open, the cells would likely collapse very quickly. But because they open and close, the cell's own pumps might be able to temporarily compensate."

Molecular movie in slow motion

This is the first time such pore dynamics have been observed in real time. It was made possible by a newly developed single-vesicle analysis platform that allows researchers to follow interactions between individual proteins and individual vesicles.

Vesicles are small artificial bubbles that mimic cell membranes and serve as simplified models of real cells.




"It's like watching a molecular movie in slow motion," explains Mette Galsgaard Malle. "Not only can we see what happens - we can also test how different molecules affect the process. That makes the platform a valuable tool for drug screening."

Long road to treatment

In fact, the team has already tested nanobodies - small antibody fragments - developed to specifically bind these oligomers. They show promise as highly selective diagnostic tools. However, as a treatment, there is still some way to go.

"The nanobodies did not block the pore formation," says Bo Volf Brochner. "But they may still help detect oligomers at very early stages of the disease. That's crucial, since Parkinson's is typically diagnosed only after significant neuronal damage has occurred."

The study also shows that the pores are not formed randomly. They tend to emerge in specific membrane types - especially those resembling the membranes of mitochondria, the cell's energy factories. This could indicate that the damage begins there.

One step at a time

However, the researchers emphasise that the study was conducted in model systems - not in living cells. The next step will be to replicate the findings in biological tissue, where more complex factors come into play.

"We created a clean experimental setup where we can measure one thing at a time. That's the strength of this platform," says Mette Galsgaard Malle. "But now we need to take the next step and investigate what happens in more complex biological systems."
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Earth's inner core exists only because of carbon | ScienceDaily
A new study by researchers at the University of Oxford, University of Leeds, and University College London has identified a new constraint on the chemistry of Earth's core, by showing how it was able to crystallize millions of years ago. The study was published today (September 4) in Nature Communications.


						
The researchers showed that the core would need to be made of 3.8% carbon for it to have begun crystallizing. This result indicates that carbon may be more abundant in Earth's core than previously thought, and that this element could have played a key role in how it froze, offering a rare glimpse into the processes occurring at the heart of our planet.

Earth's inner core, the solid iron-rich mass at the center of our planet, is slowly growing as the surrounding molten outer core cools and freezes. But this process has been a source of debate amongst scientists for decades.

Inner core formation is not just a matter of determining when the core cooled to its freezing point, but instead involves the process of crystallization which depends on its exact chemical composition. Like water droplets in clouds, which can cool to -30 degC before forming hail, molten iron must be supercooled (cooled to below its melting point) before it can freeze.

Previous calculations have suggested that 800-1000 degC of supercooling would be needed to initiate freezing of the core if it were made of pure iron.

However, if the core is supercooled to this degree, researchers have shown that the inner core would grow massively, and the Earth's magnetic field would fail. But neither of these outcomes have occurred during our planet's history. Instead, scientists believe that in the past, the core could have cooled to no more than about 250 degC below its melting point.

This new research aimed to understand how the inner core exists as observed today with such limited supercooling in the past. Without direct access to the Earth's deep interior, the research team needed to rely on computer simulations of the freezing process.




They looked at the presence of other elements, specifically silicon, sulphur, oxygen, and carbon, and how these might affect the freezing process.

"Each of these elements exist in the overlying mantle and could therefore have been dissolved into the core during Earth's history," explained co-author Associate Professor Andrew Walker (Department of Earth Sciences, University of Oxford). "As a result, these could explain why we have a solid inner core with relatively little supercooling at this depth. The presence of one or more of these elements could also rationalise why the core is less dense than pure iron, a key observation from seismology."

Using atomic-scale computer simulations of around 100,000 atoms at supercooled temperatures and pressures equivalent to those in the inner core, the research team tracked how often small crystal-like clusters of atoms formed from a liquid. These "nucleation" events are the first steps toward freezing.

What they found was surprising: silicon and sulphur, elements often assumed to be present in the core, actually slow down the freezing process. In other words, more supercooling would be needed to start forming the inner core if these elements were abundant in that part of the Earth.

On the other hand, they found that carbon helped to accelerate freezing in the simulation.

In the study, the researchers tested how much supercooling would be required to freeze the inner core if 2.4% of the core's mass were made of carbon. The result: about 420 degC, still too high, but the closest result to viability yet.




But when they extrapolated their results to a case where 3.8% of the core's mass is carbon, the required supercooling dropped to 266 degC. This is the only known composition that could explain both the nucleation and observed size of the inner core.

This result indicates that carbon may be more abundant in Earth's core than previously thought, and that without this element, the formation of a solid inner core may never have happened.

The experiments also show that inner core freezing was possible with just the right chemistry, and unlike water when it forms hail, it did so without "nucleation seeds," tiny particles which help to initiate freezing. This is vital, because when tested in previous simulations, all of the candidates for nucleation seeds in the core have melted or dissolved.

Lead author Dr Alfred Wilson (School of Earth and Environment, University of Leeds) said: "It is exciting to see how atomic scale processes control the fundamental structure and dynamics of our planet. By studying how Earth's inner core formed, we are not just learning about our planet's past. We're getting a rare glimpse into the chemistry of a region we can never hope to reach directly and learning about how it could change in the future."

Scientists have debated when the inner core began to solidify for decades, with some arguing for an ancient inner core (with freezing beginning more than two billion years ago) and others suggesting a much younger age (less than half a billion years). With this new information about the carbon content of the core, we are one step closer to constraining its chemistry and physical properties, and therefore how it evolved.

The work was funded by the Natural Environment Research Council (NERC).
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Scientists reveal how breakfast timing may predict how long you live | ScienceDaily
As we age, what and how much we eat tends to change. However, how meal timing relates to our health remains less understood. Researchers at Mass General Brigham and their collaborators studied changes to meal timing in older adults and discovered people experience gradual shifts in when they eat meals as they age. They also found characteristics that may contribute to meal timing shifts and revealed specific trajectories linked to an earlier death. The results are published in Communications Medicine.


						
"Our research suggests that changes in when older adults eat, especially the timing of breakfast, could serve as an easy-to-monitor marker of their overall health status. Patients and clinicians can possibly use shifts in mealtime routines as an early warning sign to look into underlying physical and mental health issues," said lead author Hassan Dashti, PhD, RD, a nutrition scientist and circadian biologist at Massachusetts General Hospital, a founding member of the Mass General Brigham healthcare system. "Also, encouraging older adults in having consistent meal schedules could become part of broader strategies to promoting healthy aging and longevity."

Dashti and his colleagues -- including senior author Altug Didikoglu, MSc, PhD, of the Izmir Institute of Technology in Turkey -- examined key aspects of meal timing that are significant for aging populations to determine whether certain patterns might signal, or even influence, health outcomes later in life. The research team analyzed data, including blood samples, from 2,945 community-dwelling adults in the UK aged 42-94 years old who were followed for more than 20 years. They found that as older adults age, they tend to eat breakfast and dinner at later times, while also narrowing the overall time window in which they eat each day.

Later breakfast time was consistently associated with having physical and mental health conditions such as depression, fatigue and oral health problems. Difficulty with meal preparation and worse sleep were also linked with later mealtimes. Notably, later breakfast timing was associated with an increased risk of death during follow-up. Individuals genetically predisposed to characteristics associated with being a "night owl" (preferring later sleep and wake times) tended to eat meals at later times.

"Up until now, we had a limited insight into how the timing of meals evolves later in life and how this shift relates to overall health and longevity," said Dashti. "Our findings help fill that gap by showing that later meal timing, especially delayed breakfast, is tied to both health challenges and increased mortality risk in older adults. These results add new meaning to the saying that 'breakfast is the most important meal of the day,' especially for older individuals."

Dashti noted that this has important implications as time-restricted eating and intermittent fasting gain popularity, where the health impacts of shifting meal schedules may differ significantly in aging populations from those in younger adults.

Authorship: In addition to Dashti, Mass General Brigham authors include Chloe Liu, Hao Deng and Anushka Sharma.

Funding: This study was supported by the National Institute of Health (R00HL153795).
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A 3-minute brainwave test could spot Alzheimer's years before symptoms | ScienceDaily
A simple brainwave test developed at the University of Bath has been shown to detect signs of memory impairment linked to Alzheimer's disease years before clinical diagnosis is typically possible.


						
Published in the journal Brain Communications the study by academics from the University of Bath and the University of Bristol, reports that Fastball EEG, a three-minute passive test that records electrical activity in the brain while participants view a stream of images, can reliably identify memory problems in people with Mild Cognitive Impairment (MCI) -- a condition that can lead to Alzheimer's. This follows the group's previous study in 2021 that demonstrated Fastball was sensitive to memory impairment in Alzheimer's disease.

Crucially, the research team has demonstrated for the first time that the test can be administered in people's homes, outside of a clinical environment. Researchers say this opens the door to wider screening and monitoring using accessible, low-cost technology.

With the development of the breakthrough Alzheimer's drugs, donanemab and lecanemab, an early diagnosis is more important than ever before. The drugs are clinically proven to be the most effective in the early stages of Alzheimer's. Despite this, in England, it is estimated that as many as 1 in 3 people do not currently have a dementia diagnosis, delaying treatments, support and research opportunities to tackle the condition.

The study was led by Dr George Stothart, a cognitive neuroscientist in the Department of Psychology at the University of Bath. He said:

"We're missing the first 10 to 20 years of Alzheimer's with current diagnostic tools. Fastball offers a way to change that -- detecting memory decline far earlier and more objectively, using a quick and passive test."

How the test works

Fastball is a passive EEG test that monitors the brain's automatic responses to images -- without requiring participants to follow instructions or recall information. This makes it more objective and accessible than traditional memory tests.




Key findings:
    	Detected early memory issues in people with MCI likely to develop Alzheimer's.
    	Delivered reliable results in real-world home settings.
    	Showed reduced memory responses even in patients who later progressed to dementia.

Researchers say Fastball could be scaled for use in GP surgeries, memory clinics, or at home -- helping deliver earlier, more accurate diagnoses.

Dr Stothart added: "There's an urgent need for accurate, practical tools to diagnose Alzheimer's at scale. Fastball is cheap, portable, and works in real-world settings."

The study was funded by the Academy of Medical Sciences and supported by dementia research charity BRACE.

Chris Wiliams, CEO of BRACE Dementia Research, said: "Fastball is an incredible tool that could offer anyone who, for whatever reason, cannot access a dementia diagnosis in a clinical setting.

BRACE has been supporting the development of Fastball for several years, and we are excited to see what Dr Stothart's team will achieve over the next few years with ongoing support from the charity."
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Scientists watch an atomic nucleus flip in real time | ScienceDaily
Researchers from Delft University of Technology in The Netherlands have been able to see the magnetic nucleus of an atom switch back and forth in real time. They read out the nuclear 'spin' via the electrons in the same atom through the needle of a scanning tunneling microscope. To their surprise, the spin remained stable for several seconds, offering prospects for enhanced control of the magnetic nucleus. The research, published in Nature Communications, is a step forward for quantum sensing at the atomic scale.


						
A scanning tunneling microscope (STM) consists of an atomically-sharp needle that can 'feel' single atoms on a surface and make images with atomic resolution. Or to be precise, STM can only feel the electrons that surround the atomic nucleus. Both the electrons and the nucleus in an atom are potentially small magnets. Depending on the type of atom, they each carry a quantity called 'spin', the quantum-mechanical equivalent of magnetism. Measuring the motion of an individual electron spin with an STM was achieved for the first time a decade ago. The TU Delft research group led by professor Sander Otte wanted to know: could they also use an STM to read out the nuclear spin in time, the other part of the atom?

Reading out the nuclear spin

The STM is not sensitive to nuclear spins directly, so the team had to use the electron to read out the nuclear spin indirectly. "The general idea had been demonstrated a few years ago, making use of the so-called hyperfine interaction between electron and nuclear spins," Otte explains. However, these early measurements were too slow to capture the motion of the nuclear spin over time."

Rapid measurements

First authors Evert Stolte and Jinwon Lee set out to perform rapid measurements on an atom known to carry a nuclear spin. To their excitement, they observed the signal switching between two distinct levels in real time, live on their computer screen. "We were able to show that this switching corresponds to the nuclear spin flipping from one quantum state to another, and back again," Stolte says. They determined that it takes about five seconds before the spin changes, much longer than many other quantum systems available for the STM. For instance, the lifetime of the electron spin in the same atom is only around 100 nanoseconds.

Single-shot readout

Since the researchers could measure nuclear spin state faster than it flips and (mostly) without causing a flip by the measurement itself, they achieved so-called 'single-shot readout'. This opens up exciting experimental possibilities for controlling the nuclear spin. Furthermore, fundamental progress in the readout and control of an on-surface nuclear spins could, in the long term, assist in applications like quantum simulation or quantum sensing at the atomic scale. Stolte: "The first step in any new experimental frontier is being able to measure it, and that is what we were able to do for nuclear spins at the atomic scale."
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Fossil reveals a 310-million-year-old fish that ate with a hidden second jaw | ScienceDaily
Experts have uncovered the earliest known example of a fish with extra teeth deep inside its mouth - a 310-million-year-old fossilized ray-finned fish that evolved a unique way of devouring prey.


						
Platysomus parvulus had a unique way of eating never seen in ray-finned fish from that time - a 'tongue bite', using a special set of teeth on the floor and roof of the mouth to help it crush and chew tough food like shells or insects.

Most fish today use their jaws to bite and chew, but some also have tongue bites, which work like a second set of jaws. Until now, the oldest known fish with such a dental arrangement lived about 150 million years later

Publishing their findings on September in Biology Letters, the international research team used high-resolution CT scanning to reconstruct the internal anatomy of the fossil, which was discovered in Carboniferous rock formations in the UK county of Staffordshire.

Supported by the Royal Society, the National Science Foundation, and the Natural Environment Research Council, the researchers discovered a sophisticated arrangement of tooth plates on the roof of the fish's mouth and the gill skeleton.

Lead author Professor Sam Giles, from the University of Birmingham, commented: "Our discovery helps us understand how fish evolved after the End-Devonian Mass Extinction, which wiped out many species. After this extinction event, fish started to change and develop new body shapes and ways of feeding.

"Tongue bites have evolved many times in different fish groups - including in modern ones such as trout and bonefish, demonstrating that it is a useful tool that helps fish eat a wider variety of food and survive in different environments."

The tongue bite mechanism involves opposing sets of teeth--one on the roof of the mouth and another on the gill skeleton--that work together to grip and crush prey.




The Platysomus fossil studied is uniquely preserved in 3D, allowing researchers to peer inside its mouth and digitally dissect its anatomy. This reveals a multi-part lower tooth plate and narrow upper plate, both bearing a single layer of pointed teeth--suggesting a transitional stage in the evolution of more advanced tongue bite systems seen in later fish like Bobasatrania.

Co-author Dr Matthew Kolmann, from the University of Louisville, commented: "Later fish, like the Bobasatrania group, had more advanced tongue bites and did not use their jaws at all, relying on their tongue bite to crush hard food. Platysomus parvulus is like a missing link between simple jawed fish and more advanced tongue-biters."

The discovery supports a model of rapid innovation in early ray-finned fishes following the End-Devonian Mass Extinction, with ray-finned fishes' experimentation with new feeding strategies.

Co-author Prof Matt Friedman, from the University of Michigan, commented: "Tongue bites are just one of many feeding innovations that emerged during this time. This fish represents a key evolutionary step and helps us understand how ancient ecosystems functioned and how modern fish lineages came to be."
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Scientists create biodegradable plastic stronger than PET | ScienceDaily
The PET-alternative PDCA is biodegradable and has superior physical properties. A Kobe University team of bioengineers engineered E. coli bacteria to produce the compound from glucose at unprecedented levels and without byproducts -- and opened up a realm of possibilities for the future of bioengineering.


						
The durability of plastics is both the reason why they have become so wide-spread and why they pose environmental problems. In addition, they are mainly sourced from petroleum, making them non-renewable and contingent on geopolitics. Research groups worldwide work on both biodegradable and bio-sourced alternatives, but there often are issues with yield, purity and -- as a result -- associated production cost.

Kobe University bioengineer Tsutomu Tanaka says: "Most biomass-based production strategies focus on molecules consisting of carbon, oxygen and hydrogen. However, there are highly promising compounds for high-performance plastics that include other elements such as nitrogen, but there are no efficient bioproduction strategies. And purely chemical reactions inevitably generate unwanted byproducts." PDCA, which stands for pyridinedicarboxylic acid, is such a candidate. It is biodegradable, and materials incorporating this show physical properties comparable to or even surpassing those of PET, which is widely used in containers and textiles. "Our group approached the challenge from a new angle: We aimed to harness cellular metabolism to assimilate nitrogen and build the compound from start to finish," says Tanaka.

In the journal Metabolic Engineering, the Kobe University group now published that they achieved the production of PDCA in bioreactors at concentrations more than seven-fold higher than previously reported. Tanaka explains, "The significance of our work lies in demonstrating that metabolic reactions can be used to incorporate nitrogen without producing unwanted byproducts, thereby enabling the clean and efficient synthesis of the target compound."

The group, however, did have some stubborn problems to solve along the way. The most stubborn of these came when they discovered a bottleneck where one of the enzymes they had introduced produced the highly reactive compound hydrogen peroxide, H2O2. The compound then attacked the enzyme that produced it, thereby deactivating it. "Through refining the culture conditions, in particular by adding a compound that can scavenge H2O2, we could finally overcome the issue, although this addition may present new economic and logistical challenges for large-scale production," says Tanaka.

The bioengineers already have plans on how to improve the production going forward, with every problem pointing the way to its solution. Looking at the future, Tanaka says: "The ability to obtain sufficient quantities in bioreactors lays the groundwork for the next steps toward practical implementation. More generally, though, our achievement in incorporating enzymes from nitrogen metabolism broadens the spectrum of molecules accessible through microbial synthesis, thus enhancing the potential of bio-manufacturing even further."

This research was funded by the Japan Society for the Promotion of Science (grants 25K00054, 23H04565, 25H01701, 25K01594, 25H00819) and the Japan Science and Technology Agency (grant JPMJPR22N9).
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A tiny embryo fold changed the course of evolution | ScienceDaily

Small fold - big role: A tissue fold known as the cephalic furrow, an evolutionary novelty that forms between the head and the trunk of fly embryos, plays a mechanical role in stabilizing embryonic tissues during the development of the fruit fly Drosophila melanogaster.

Combining theory and experiment: Researchers integrated computer simulations with their experiments and showed that the timing and position of cephalic furrow formation are crucial for its function, preventing mechanical instabilities in the embryonic tissues.

Evolutionary response to mechanical stress: The increased mechanical instability caused by embryonic tissue movements may have contributed to the origin and evolution of the cephalic furrow genetic program. This shows that mechanical forces can shape the evolution of new developmental features.

Mechanical forces shape tissues and organs during the development of an embryo through a process called morphogenesis. These forces cause tissues to push and pull on each other, providing essential information to cells and determining the shape of organs. Despite the importance of these forces, their role in the evolution of development is still not well understood.

Animal embryos undergo tissue flows and folding processes, involving mechanical forces, that transform a single-layered blastula (a hollow sphere of cells) into a complex multi-layered structure known as the gastrula. During early gastrulation, some flies of the order Diptera form a tissue fold at the head-trunk boundary called the cephalic furrow. This fold is a specific feature of a subgroup of Diptera and is therefore an evolutionary novelty of flies.

The research groups of Pavel Tomancak and Carl Modes, both group leaders at the Max Planck Institute of Molecular Cell Biology and Genetics in Dresden, Germany, looked into the function of the cephalic furrow during the development of the fruit fly Drosophila melanogaster and the potential connection with its evolution. The results of their investigation are published in the journal Nature.




A genetically patterned fold with unknown function

The researchers knew that several genes are involved in the formation of the cephalic furrow. The cephalic furrow is especially interesting because it is a prominent embryonic invagination whose formation is controlled by genes, but that has no obvious function during development. The fold does not give rise to specific structures and, later in development, it simply unfolds, leaving no trace. Bruno C. Vellutini, a postdoctoral researcher in the group of Pavel Tomancak, who led the study together with Tomancak, explains, "Our original question was to uncover the genes involved in cephalic furrow formation and the developmental role of the invagination. Later on, we broadened our investigations to other fly species and found that changes in the expression of the gene buttonhead are associated with the evolution of the cephalic furrow."

With their experiments, the researchers show that the absence of the cephalic furrow leads to an increase in the mechanical instability of embryonic tissues and that the primary sources of mechanical stress are cell divisions and tissue movements typical of gastrulation. They demonstrate that the formation of the cephalic furrow absorbs these compressive stresses. Without a cephalic furrow, these stresses build up, and outward forces caused by cell divisions in the single-layered blastula cause mechanical instability and tissue buckling. This intriguing physical role gave the researchers the idea that the cephalic furrow may have evolved in response to the mechanical challenges of dipteran gastrulation, with mechanical instability acting as a potential selective pressure.

Physical model of folding dynamics

To determine the contribution of individual sources of mechanical stress, the experimentalists in the Tomancak group teamed up with the group of Carl Modes to create a theoretical physical model that behaves like the fly embryos. Carl Modes says, "Our model can simulate the behavior of embryonic tissues in fly embryos with very few free parameters. The model was fed with the data from the experiments. First, we wanted to see how the strength of the fold affects the function of the cephalic furrow. We assumed that a strong pull inside the fold is a good buffer to counteract mechanical forces. However, we discovered that the position and timing are what really matter. The earlier the cephalic furrow forms, the better of a buffer it is, and when it forms around the middle of the embryo, it proved to have the strongest buffering effect." This physical model provides a theoretical basis that the cephalic furrow can absorb compressive stresses and prevent mechanical instabilities in embryonic tissues during gastrulation.

A related study reveals two cellular mechanisms to prevent stress.

Another study, also focusing on mechanisms of how flies counteract mechanical stresses, is published at the same time in the Nature journal. The team led by Steffen Lemke from the University of Hohenheim, Germany, and Yu-Chiun Wang from the RIKEN Center for Biosystems Dynamics Research in Kobe, Japan, found two different ways how flies deal with compressive stress during embryonic development. Flies either feature a cephalic furrow or, if they lack one, display widespread out-of-plane division, meaning the cells divide downwards to reduce the surface area. Both mechanisms act as mechanical sinks to prevent tissue collision and distortion. The authors of the study worked together with the MPI-CBG researchers during the course of their studies.

Evolution of a small fold

Pavel Tomancak summarizes the results, "Our findings uncover empirical evidence for how mechanical forces can influence the evolution of innovations in early development. The cephalic furrow may have evolved through the genetic changes in response to the mechanical challenges of the dipteran gastrulation. We show that mechanical forces are not just important for the development of the embryo but also for the evolution of its development."
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The Sun's hidden particle engines finally exposed | ScienceDaily
The European Space Agency-led Solar Orbiter mission has split the flood of energetic particles flung out into space from the Sun into two groups, tracing each back to a different kind of outburst from our star.


						
The Sun is the most energetic particle accelerator in the Solar System. It whips up electrons to nearly the speed of light and flings them out into space, flooding the Solar System with so-called 'Solar Energetic Electrons' (SEEs).

Researchers have now used Solar Orbiter to pinpoint the source of these energetic electrons and trace what we see out in space back to what's actually happening on the Sun. In a paper to be published in Astronomy & Astrophysics on September 1, they explain that they found two kinds of SEE with clearly distinct stories: one connected to intense solar flares (explosions from smaller patches of the Sun's surface), and one to larger eruptions of hot gas from the Sun's atmosphere (known as 'coronal mass ejections', or CMEs).

"We see a clear split between 'impulsive' particle events, where these energetic electrons speed off the Sun's surface in bursts via solar flares, and 'gradual' ones associated with more extended CMEs, which release a broader swell of particles over longer periods of time," says lead author Alexander Warmuth of the Leibniz Institute for Astrophysics Potsdam (AIP), Germany.

A clearer connection

While scientists were aware that two types of SEE event existed, Solar Orbiter was able to measure a large number of events, and look far closer to the Sun than other missions had, to reveal how they form and leave the surface of our star.

"We were only able to identify and understand these two groups by observing hundreds of events at different distances from the Sun with multiple instruments - something that only Solar Orbiter can do," adds Alexander. "By going so close to our star, we could measure the particles in a 'pristine' early state and thus accurately determine the time and place they started at the Sun."

Flight delays




The researchers detected the SEE events at different distances from the Sun. This let them study how the electrons behave as they travel through the Solar System, answering a lingering question about these energetic particles.

When we spot a flare or a CME, there's often an apparent lag between what we see taking place at the Sun, and the release of energetic electrons into space. In extreme cases, the particles seem to take hours to escape. Why?

"It turns out that this is at least partly related to how the electrons travel through space - it could be a lag in release, but also a lag in detection," says co-author and ESA Research Fellow Laura Rodriguez-Garcia. "The electrons encounter turbulence, get scattered in different directions, and so on, so we don't spot them immediately. These effects build up as you move further from the Sun."

The space between the Sun and the planets of the Solar System isn't empty. A wind of charged particles streams out from the Sun constantly, dragging the Sun's magnetic field with it. It fills space and influences how the energetic electrons travel; rather than being able to go where they like, they are confined, scattered, and disturbed by this wind and its magnetism.

The study fulfils an important goal of Solar Orbiter: to continuously monitor our star and its surroundings to trace ejected particles back to their sources at the Sun.

"Thanks to Solar Orbiter, we're getting to know our star better than ever," says Daniel Muller, ESA Project Scientist for Solar Orbiter. "During its first five years in space, Solar Orbiter has observed a wealth of Solar Energetic Electron events. As a result, we've been able to perform detailed analyses and assemble a unique database for the worldwide community to explore."

Keeping Earth safe




Crucially, the finding is important for our understanding of space weather, where accurate forecasting is essential to keep our spacecraft operational and safe. One of the two kinds of SEE events is more important for space weather: that connected to CMEs, which tend to hold more high-energy particles and so threaten far more damage. Because of this, being able to distinguish between the two types of energetic electrons is hugely relevant for our forecasting.

"Knowledge such as this from Solar Orbiter will help protect other spacecraft in the future, by letting us better understand the energetic particles from the Sun that threaten our astronauts and satellites," adds Daniel. "The research is a really great example of the power of collaboration - it was only possible due to the combined expertise and teamwork of European scientists, instrument teams from across ESA Member States, and colleagues from the US."

Looking ahead, ESA's Vigil mission will pioneer a revolutionary approach, operationally observing the 'side' of the Sun for the first time, unlocking continuous insights into solar activity. To be launched in 2031, Vigil will detect potentially hazardous solar events before they come into view as seen from Earth, giving us advance knowledge of their speed, direction and chance of impact.

Our understanding of how our planet responds to solar storms will also be investigated further with the launch of ESA's Smile mission next year. Smile will study how Earth endures the relentless 'wind', and sporadic bursts, of fierce particles thrown our way from the Sun, exploring how the particles interact with our planet's protective magnetic field.

Solar Orbiter is a space mission of international collaboration between ESA and NASA, operated by ESA.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/09/250903075244.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A weirdly shaped telescope could finally find Earth 2. 0 | ScienceDaily
The Earth supports the only known life in the universe, all of it depending heavily on the presence of liquid water to facilitate chemical reactions. While single-celled life has existed almost as long as the Earth itself, it took roughly three billion years for multicellular life to form. Human life has existed for less than one 10 thousandth of the age of the Earth.


						
All of this suggests that life might be common on planets that support liquid water, but it might be uncommon to find life that studies the universe and seeks to travel through space, like we do. To find extraterrestrial life, it might be necessary for us to travel to it.

However, the vastness of space, coupled with the impossibility of traveling or communicating faster than the speed of light, places practical limits on how far we can roam. Only the closest stars to the sun could possibly be visited in a human lifetime, even by a space probe. In addition, only stars similar in size and temperature to the sun are long-lived enough, and have stable enough atmospheres, for multicellular life to have time to form. For this reason, the most valuable stars to study are the 60 or so sun-like stars that are closer to us than approximately 30 light-years. The most promising planets orbiting these stars would have sizes and temperatures similar to the Earth, so solid ground and liquid water can exist.

A needle in the haystack

Observing an Earth-like exoplanet separately from the star it is orbiting around is a major challenge. Even in the best possible scenario, the star is a million times brighter than the planet; if the two objects are blurred together, there is no hope of detecting the planet. Optics theory says that the best resolution one can get in telescope images depends on the size of the telescope and the wavelength of the observed light. Planets with liquid water give off the most light at wavelengths around 10 microns (the width of a thin human hair and 20 times the typical wavelength of visible light). At this wavelength, a telescope needs to collect light over a distance of at least 20 meters to have enough resolution to separate the Earth from the sun at a distance of 30 light-years. Additionally, the telescope must be in space, because looking through the Earth's atmosphere would blur the image too much. However, our largest space telescope - the James Webb Space Telescope (JWST) - is only 6.5 meters in diameter, and that telescope was extremely difficult to launch.

Because deploying a 20-meter space telescope seems out-of-reach with current technology, scientists have explored several alternative approaches. One involves launching multiple, smaller telescopes that maintain extremely accurate distances between them, so that the whole set acts as one telescope with a large diameter. But, maintaining the required spacecraft position accuracy (which must be precisely calibrated to the size of a typical molecule) is also currently infeasible.

Other proposals use shorter wavelength light, so that a smaller telescope can be used. However, in visible light a sun-like star is more than 10 billion times brighter than the Earth. It is beyond our current capability to block out enough starlight to be able to see the planet in this case, even if in principle the image has high enough resolution.




One idea for blocking the starlight involves flying a spacecraft called a 'starshade' that is tens of meters across, at a distance of tens of thousands of miles in front of the space telescope, so that it exactly blocks the light from the star while the light from a companion planet is not blocked. However, this plan requires that two spacecraft be launched (a telescope and a starshade). Furthermore, pointing the telescope at different stars would entail moving the starshade thousands of miles, using up prohibitively large quantities of fuel.

A rectangular perspective

In our paper, we propose a more feasible alternative. We show that it is possible to find nearby, Earth-like planets orbiting sun-like stars with a telescope that is about the same size as JWST, operating at roughly the same infrared (10 micron) wavelength as JWST, with a mirror that is a one by 20 meter rectangle instead of a circle 6.5 meters in diameter.

With a mirror of this shape and size, we can separate a star from an exoplanet in the direction that the telescope mirror is 20 meters long. To find exoplanets at any position around a star, the mirror can be rotated so its long axis will sometimes align with the star and planet. We show that this design can in principle find half of all existing Earth-like planets orbiting sun-like stars within 30 light-years in less than three years. While our design will need further engineering and optimization before its capabilities are assured, there are no obvious requirements that need intense technological development, as is the case for other leading ideas.

If there is about one Earth-like planet orbiting the average sun-like star, then we would find around 30 promising planets. Follow-up study of these planets could identify those with atmospheres that suggest the presence of life, for example oxygen that was formed through photosynthesis. For the most promising candidate, we could dispatch a probe that would eventually beam back images of the planet's surface. The rectangular telescope could provide a straightforward path towards identifying our sister planet: Earth 2.0.
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A monster molecular cloud has been discovered in our galaxy - "No one had any idea this existed" | ScienceDaily
An international team of astronomers has discovered a massive cloud of gas and dust located in a little-known region of our Milky Way galaxy. The Giant Molecular Cloud (GMC) is about 60 parsecs -- or 200 light years -- long.


						
In a new study published in the Astrophysical Journal, researchers using the U.S. National Science Foundation Green Bank Telescope (NSF GBT) have peered into a molecular cloud known as M4.7-0.8, nicknamed the Midpoint cloud. Their observations have revealed a dynamic region bustling with activity, including potential sites of new star formation.

"One of the big discoveries of the paper was the GMC itself. No one had any idea this cloud existed until we looked at this location in the sky and found the dense gas. Through measurements of the size, mass, and density, we confirmed this was a giant molecular cloud," shares Natalie Butterfield, an NSF National Radio Astronomy Observatory (NSF NRAO) scientist and lead author of this paper.

"These dust lanes are like hidden rivers of gas and dust that are carrying material into the center of our galaxy," explained Butterfield. "The Midpoint cloud is a place where material from the galaxy's disk is transitioning into the more extreme environment of the galactic center and provides a unique opportunity to study the initial gas conditions before accumulating in the center of our galaxy."

The NSF GBT observations focused on molecules like ammonia (NH3) and cyanobutadiyne (HC5N), which are tracers of dense gas. Besides revealing the previously unknown Midpoint cloud in the Galaxy's inward-bound dust lane, the data also showed:
    	A New Maser: The team discovered a previously unknown "maser," a natural source of intense microwave radiation, associated with ammonia gas. This is often a sign of active star formation.
    	Potential Star Birth Sites: The cloud contains compact clumps of gas and dust that appear to be on the verge of forming new stars. One of these clumps, dubbed Knot E, might be a frEGG (free-floating evaporating gas globule) - a small, dense cloud being eroded by radiation from nearby stars.
    	Evidence of Stellar Feedback: The team found a shell-like structure within the cloud, possibly created by the energy released from dying stars.
    	Turbulent Gas: The gas within the cloud is highly turbulent, similar to what is seen in the galaxy's central regions. This turbulence could be caused by the inflow of material along the dust lanes or by collisions with other clouds.

"Star formation in galactic bars is a bit of a puzzle," said Larry Morgan, a scientist with the NSF Green Bank Observatory (NSF GBO), "The strong forces in these regions can actually suppress star formation. However, the leading edges of these bars, such as where the Midpoint is located, can accumulate dense gas and trigger new star formation."

The team's findings suggest that the Midpoint cloud is a crucial link in the flow of material from the Milky Way's disk to its center. By studying this region, astronomers can learn more about how galaxies build their central structures and form new stars in extreme environments.
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The flawed carbon math that lets major polluters off the hook | ScienceDaily
Climate action is falling behind on the goals as stated in the Paris Agreement. To meet those goals, countries must act according to their 'fair share' targets. However, researchers from Utrecht University found a bias in how ambition and fairness assessments were calculated until now: "previous studies assessing countries climate ambition share a feature that rewards high emitters at the expense of the most vulnerable ones." This finding influences climate change mitigations globally. The research, led by Yann Robiou du Pont, was published on September 3 in Nature Communications.


						
The researchers argue that previous fairness and ambition assessments were biased, as they start from shifting goalposts of rising emissions. Their proposed method avoids delaying the obligation to reduce emissions and calculates the immediate ambition gap that can be filled by climate measures and international finance. As negotiated climate targets are still insufficient, this work underscores the growing role of courts in ensuring that climate and human rights obligations are met. The study highlights that high-emitting countries, most notably G7 countries, Russia, and China, need to do more given the very different historical responsibility and financial capability of countries.

An approach based on historical responsibility needed

Fair-share emissions allocations distribute the global carbon budget among countries based on principles like historical responsibility, capability, and development needs, aiming to assign each country a 'fair share' of allowable emissions. Under the Paris Agreement, these allocations indicate what each country should commit to in order to collectively limit global warming to 1.5degC and staying well below 2degC.

By calculating each ambition and fairness assessment from the present situation, we increasingly let major polluting countries off the hook. This pushes a heavier burden onto countries that have done the least to cause the crisis, or more realistically brings the world towards catastrophic levels of global warming. Therefore, the authors propose calculating fair-share emissions allocations immediately based on each country's historical contributions to climate change and their capacity to act. Accounting for immediate responsibilities sets a new baseline. It would cause some countries' emission paths to suddenly and drastically change instead of following a smooth decline. This approach would demand steep, immediate cuts mostly from wealthier, high-emitting countries. Since the cuts needed from these countries are too large to achieve locally, it requires substantial financial support for additional mitigation in poorer countries. Importantly, removing the systemic reward for inaction affects the ranking of countries' gap between their current pledges and fair emissions allocations, even within the group of high-income countries. Then, the USA, Australia, Canada, the UAE and Saudi Arabia have the greatest gap, requiring the most additional effort and finance. Much of equity discussions is about developed versus developing countries, but this paper is particularly relevant for developed countries being rewarded for inaction compared to other and more ambitious developed countries.

Role in climate litigation

Fair-share studies like this one are increasingly used in climate litigation, such as the KlimaSeniorinnen case before the European Court of Human Rights. The court recognised that insufficient national climate action constitutes a breach of human rights and that countries must justify how their climate pledges are a fair and ambitious contribution to the global objectives. Courts rely on these assessments to evaluate whether national emissions targets are sufficient and equitable. Biases in the assessments therefore have real-world impact: they can shape legal rulings, influence policy commitments, and inform public opinions. Courts are thus emerging as a key force in ensuring accountability and indirectly promoting cooperation when political and diplomatic negotiations fall short. In a landmark advisory opinion issued on July 23, 2025, the International Court of Justice affirmed that countries have a legal obligation under international law to prevent significant harm to the climate system, emphasising the duty to act collectively and urgently. "This strengthens and underscores the growing role of courts in enforcing climate justice," says Robiou du Pont.

Paying the debt

Solving the climate crisis is a moral imperative long identified by climate justice activists and scholars. Practically, we are observing that the lack of fair efforts by countries with the greatest capacity and responsibility to act and provide finance, results in insufficient action globally. A fairer allocation of effort is likely to results in more ambitious outcomes globally. This study explains how immediate climate efforts and finance are key to align with international agreements to limiting global warming.
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Overworked neurons burn out and fuel Parkinson's disease | ScienceDaily
Certain brain cells are responsible for coordinating smooth, controlled movements of the body. But when those cells are constantly overactivated for weeks on end, they degenerate and ultimately die. This new observation made by scientists at Gladstone Institutes may help explain what goes awry in the brains of people with Parkinson's disease.


						
Researchers have long known that a particular subset of neurons die as Parkinson's disease progresses, but they aren't sure why. The new work, published in the scientific journal eLife, shows that in mice, chronic activation of these neurons can directly cause their demise. The scientists hypothesize that in Parkinson's, neuron overactivation could be triggered by a combination of genetic factors, environmental toxins, and the need to compensate for other neurons that are lost.

"An overarching question in the Parkinson's research field has been why the cells that are most vulnerable to the disease die," says Gladstone Investigator Ken Nakamura, MD, PhD, who led the study. "Answering that question could help us understand why the disease occurs and point toward new ways to treat it."

Too Much Buzz

More than 8 million people worldwide are living with Parkinson's disease, a degenerative brain disease that causes tremors, slowed movement, stiff muscles, and problems walking and balancing.

Scientists know that a set of neurons that produce dopamine and support voluntary movements die in people with Parkinson's. Many lines of evidence also suggest that the activity of these cells actually increases with disease, both before and after degeneration begins. But whether this change in activity can directly cause cell death is poorly understood.

In the new study, Nakamura and his colleagues tackled this question by introducing a receptor specifically into dopamine neurons in mice that allowed them to increase the cells' activity by treating the animals with a drug, clozapin-N-oxide (CNO). Uniquely, the scientists added CNO to the animals' drinking water, driving chronic activation of the neurons.




"In previous work, we and others have transiently activated these cells with injections of CNO or by other means, but that only led to short bursts of activation," says Katerina Rademacher, a graduate student in Nakamura's lab and first author of the study. "By delivering CNO through drinking water, we get a relatively continuous activation of the cells, and we think that's important in modeling what happens in people with Parkinson's disease."

Within a few days of overactivating dopamine neurons, the animals' typical cycle of daytime and nighttime activities became disrupted. After one week, the researchers could detect degeneration of the long projections (called axons) extending from some dopamine neurons. By one month, the neurons were beginning to die.

Importantly, the changes mostly affected one subset of dopamine neurons -- those found in the region of the brain known as the substantia nigra, which is responsible for movement control -- while sparing dopamine neurons in brain regions responsible for motivation and emotions. This is the same pattern of cellular degeneration seen in people with Parkinson's disease.

A Link to Human Disease

To gain insight into why overactivation leads to neuronal degeneration, the researchers studied the molecular changes that occurred in the dopamine neurons before and after the overactivation. They showed that overactivation of the neurons led to changes in calcium levels and in the expression of genes related to dopamine metabolism.

"In response to chronic activation, we think the neurons may try to avoid excessive dopamine -- which can be toxic -- by decreasing the amount of dopamine they produce," Rademacher explains. "Over time, the neurons die, eventually leading to insufficient dopamine levels in the brain areas that support movement."

When the researchers measured the levels of genes in brain samples from patients with early-stage Parkinson's, they found similar changes; genes related to dopamine metabolism, calcium regulation, and healthy stress responses were turned down.

The research did not reveal why activity of the dopamine neurons might increase with Parkinson's disease, but Nakamura hypothesizes that there could be multiple causes, including genetic and environmental factors. The overactivity could also be part of a vicious cycle initiated early in disease. As dopamine neurons become overactive, they gradually shut down dopamine production, which worsens movement problems. Remaining neurons work even harder to compensate, ultimately leading to cell exhaustion and death.

"If that's the case, it raises the exciting possibility that adjusting the activity patterns of vulnerable neurons with drugs or deep brain stimulation could help protect them and slow disease progression," Nakamura says.
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Hidden viruses in our DNA could be medicine's next big breakthrough | ScienceDaily
You are mostly but not entirely human. If we crunch the numbers, 8 percent of your genome actually comes from viruses that got stranded there. This viral detritus is a souvenir from our evolutionary past, a reminder that viruses have been with us from the very beginning.


						
Usually, this 8 percent of your DNA -- the viral bits -- are kept silent. Scientists call it part of the "dark matter" in your genome.

Now scientists at La Jolla Institute for Immunology (LJI) have published a first look at a key viral protein. In a study published in Science Advances, LJI researchers revealed the first three-dimensional structure of a protein from one of these ancient "human endogenous retroviruses (HERVs)."

The team mapped the surface envelope glycoprotein (Env), the antibody target of the most active HERV, marking a milestone in structural biology. "This is the first human HERV protein structure ever solved -- and only the third retroviral envelope structure solved overall, after human immunodeficiency virus (HIV) and simian immunodeficiency virus (SIV)," says Erica Ollmann Saphire, Ph.D., MBA, LJI President, CEO, and Professor.

This discovery opens the door to new strategies for diagnosing and treating disease. Back in the evolutionary past, HERV-K Env proteins studded the outside of the HERV-K retroviruses. But in modern humans, HERV-K Env proteins show up on the surface of certain tumor cells and in patients with autoimmune and neurodegenerative diseases, making them a valuable target for developing novel diagnostics and therapies.

"In many disease states, like autoimmune diseases and cancer, these genes re-awaken and start making pieces of these viruses," says Saphire. "Understanding the HERV-K Env structure, and the antibodies we now have, opens up diagnostic and treatment opportunities."

An unexpected "twist"

Until now, HERV proteins had been invisible. They've proven too mobile -- and too twitchy -- to be seen with even the most sophisticated imaging techniques. Solving the structure of HERV-K Env was especially challenging because the LJI team needed to capture the protein's delicate "pre-fusion" state.




Envelope proteins are full of potential energy -- they're essentially spring-loaded to merge with a host cell to start the infection process. This means pre-fusion proteins are prone to spontaneous switching to their later, post-fusion state. "You can look at them funny, and they'll unfold," says LJI Postdoctoral Fellow Jeremy Shek, who spearheaded the study as co-first author with LJI Postdoctoral Fellow Chen Sun, Ph.D.

To study the three-dimensional structure of HERV-K Env, the researchers introduced small substitutions to lock the protein's structure in place, while preserving its natural shape. Saphire and her team have used this approach before to reveal the structures of key proteins on Ebola virus, Lassa virus, and more. The researchers also discovered and characterized specific antibodies that helped anchor different versions of the viral proteins.

After stabilizing their HERV-K Env structures, the LJI team used a high-resolution imaging technique called cryo-electron microscopy to capture 3D images of HERV-K Env at three key moments: cell surface, in the act of driving infection, and when it locks together with antibodies.

Many viral envelope glycoproteins have a trimer structure, but HERV-K Env is different from anything scientists had seen before, including trimers from other retroviruses. Unlike the shorter, squatter trimers made by HIV and SIV, the HERV-K Env is tall and lean. Further, the protein's fold -- the weaving together of strands and coils that build the working machine -- is unlike any other retrovirus.

A new path for clinical research

The new LJI study opens the door to using HERV-K Env to our advantage. Understanding the HERV-K Env structure, and how antibodies target it, may prove useful for developing diagnostic tools or new therapeutics.




For example, many types of cancer cells -- from breast cancers to ovarian cancers -- but not healthy cells, are dotted with HERV-K Env proteins. This means antibodies against HERV could distinguish cancer cells from healthy cells. As Sun explains, scientists could develop cancer immunotherapies that zero in on HERV-K Env to track down tumor cells. "We can use it as a strategy to specifically target cancer cells," says Sun.

People with autoimmune diseases such as lupus or rheumatoid arthritis also express HERV-K Env on their cells. Some scientists suspect that patients' immune cells see these strange proteins and think the body is under attack. Just like during a normal viral infection, their B cells start making antibodies against HERV-K Env proteins.

"Understanding how antibodies recognize these proteins was challenging because there was no structure and precious few good antibodies yet available," says Saphire.

So the LJI team made their own panel of antibodies to reveal how the immune system can target the different subunits of the molecule in all its different shapes. Once scientists understand how these antibody attacks work, they can try to intervene and stop harmful inflammation.

The scientists also tested the idea that their antibodies may also be useful tools for diagnosing many autoimmune diseases. They used the antibodies to try and hunt down immune cells in samples from patients with rheumatoid arthritis and lupus. When Saphire and her colleagues tagged these antibodies with a molecular flag, they were able to quickly detect HERV-K Env on neutrophils, a type of immune cell that can cause inflammation.

"These antibodies marked aberrant HERV display on neutrophils from rheumatoid arthritis and lupus patients, but not healthy controls," says Saphire.

The interest in HERVs is quickly growing, and scientists are finding more and more diseases where HERV-K Env crops up. "We can really pick whatever disease we're interested in and go down that route," says Shek.

These projects may someday advance clinical care -- and our fundamental understanding of human biology. After all, we're all part virus. It's time to get to know that part of ourselves.

Additional authors of the study, "Human endogenous retrovirus K (HERV-K) envelope structures in pre- and postfusion by cryo-EM," were Elise M. Wilson, Fatemeh Moadab, Kathryn M. Hastie, Roshan R. Rajamanickam, Patrick J. Penalosa, Stephanie S. Harkins, Diptiben Parekh, Chitra Hariharan, Dawid S. Zyla, Cassandra Yu, Kelly C.L. Shaffer, Victoria I. Lewis, Ruben Diaz Avalos, and Tomas Mustelin,

This study was supported by a Curebound Discovery Grant (13502-01-000-408) and by LJI & Kyowa Kirin, Inc. (KKNA-Kyowa Kirin North America; and a Kirin North America Accelerator Grant [18030-01-000-408]).
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Warped planet nurseries rewrite the rules of how worlds are born | ScienceDaily
The textbook picture of how planets form - serene, flat discs of cosmic dust - has just received a significant cosmic twist. New research, published in the Astrophysical Journal Letters, is set to reshape this long-held view. An international team of scientists, wielding the formidable power of the Atacama Large Millimeter/submillimeter Array (ALMA), has found compelling evidence that many protoplanetary discs, the very birthplaces of planets, are in fact subtly warped.


						
These slight bends and twists in the disc plane, often just a few degrees, bear a striking resemblance to the subtle tilts observed among the planets in our own Solar System. This discovery suggests the initial conditions for planetary systems might be far less orderly than previously thought, with profound implications for how planets grow and settle into their final orbits.

Dr Andrew Winter, the lead author of the study from Queen Mary University of London where he is Royal Society University Research Fellow in astronomy, said: "Our results suggest that protoplanetary discs are slightly warped. This would be quite a change in how we understand these objects and has many consequences for how planets form. Particularly interesting is that the couple of degree warping is similar to the differences in inclination between our own Solar System planets."

Dr Myriam Benisty, director of the Planet and Star Formation Department at the Max Planck Institute for Astronomy said,"exoALMA has revealed large scale structures in the planet forming discs that were completely unexpected. The warp-like structures challenge the idea of orderly planet formation and pose a fascinating challenge for the future.

To uncover these subtle twists, the team meticulously analysed Doppler shifts - tiny changes in the radio waves emitted by carbon monoxide (CO) molecules swirling within the discs. These shifts act like a cosmic speedometer, revealing the gas's exact motion. As part of a major ALMA program called exoALMA, researchers used this flagship observatory to map the gas's velocity across each disc in unprecedented detail. By carefully modelling these intricate patterns, they were able to detect when different regions of a disc were slightly tilted, thus revealing the warps.

"These modest misalignments may be a common outcome of star and planet formation," Dr Winter added, noting the intriguing parallel with our own Solar System. The research not only provides a fresh perspective on the mechanics of planet formation but also raises new questions about why these discs are warped - a mystery the team is eager to unravel.

Is it the gravitational pull of unseen companion stars, or perhaps the chaotic dance of gas and dust that twists these stellar cradles? The findings show that these subtle disc warps, often tilting by as little as half a degree to two degrees, can naturally explain many of the prominent large-scale patterns observed in the gas's motion across the discs. They even suggest these warps could be responsible for creating intriguing spiral patterns and slight temperature variations within these cosmic nurseries.

If these warps are a key driver of how gas moves within the disc, it profoundly changes our understanding of critical processes like turbulence and how material is exchanged - ultimately dictating how planets form and settle into their final orbits. Intriguingly, the nature of these warps appears to be connected to how much material the young star is actively drawing in towards its center. This hints at a dynamic link between the disc's innermost regions, where the star is fed, and its outer, planet-forming areas.

This discovery offers a thrilling glimpse into the complex and often surprising realities of planet formation, fundamentally changing our cosmic blueprint and opening new avenues for understanding the diverse worlds beyond our Sun.

This research was conducted by the 'exoALMA' collaboration that is an international collaboration of institutions including the Max-Planck Institute for Astronomy (MPIA), University of Florida, Leiden Observatory (Leiden University), European Southern Observatory, Universita degli Studi di Milano, Massachusetts Institute of Technology, Center for Astrophysics | Harvard & Smithsonian, Univ. Grenoble Alpes, Universidad de Chile, University of St. Andrews, Universite Cote d'Azur, The University of Georgia, Monash University, University of Leeds, National Astronomical Observatory of Japan, University of Cambridge, Ibaraki University, Academia Sinica Institute of Astronomy & Astrophysics, The Graduate University for Advanced Studies (SOKENDAI), Wesleyan University, and The Pennsylvania State University.
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A simple metal could solve the world's plastic recycling problem | ScienceDaily
The future of plastic recycling may soon get much less complicated, frustrating and tedious.


						
In a new study, Northwestern University chemists have introduced a new plastic upcycling process that can drastically reduce -- or perhaps even fully bypass -- the laborious chore of pre-sorting mixed plastic waste.

The process harnesses a new, inexpensive nickel-based catalyst that selectively breaks down polyolefin plastics consisting of polyethylenes and polypropylenes -- the single-use kind that dominates nearly two-thirds of global plastic consumption. This means industrial users could apply the catalyst to large volumes of unsorted polyolefin waste.

When the catalyst breaks down polyolefins, the low-value solid plastics transform into liquid oils and waxes, which can be upcycled into higher-value products, including lubricants, fuels and candles. Not only can it be used multiple times, but the new catalyst can also break down plastics contaminated with polyvinyl chloride (PVC), a toxic polymer that notoriously makes plastics "unrecyclable."

The study was published on Sept. 2 in the journal Nature Chemistry.

"One of the biggest hurdles in plastic recycling has always been the necessity of meticulously sorting plastic waste by type," said Northwestern's Tobin Marks, the study's senior author. "Our new catalyst could bypass this costly and labor-intensive step for common polyolefin plastics, making recycling more efficient, practical and economically viable than current strategies."

"When people think of plastic, they likely are thinking about polyolefins," said Northwestern's Yosi Kratish, a co-corresponding author on the paper. "Basically, almost everything in your refrigerator is polyolefin based -- squeeze bottles for condiments and salad dressings, milk jugs, plastic wrap, trash bags, disposable utensils, juice cartons and much more. These plastics have a very short lifetime, so they are mostly single-use. If we don't have an efficient way to recycle them, then they end up in landfills and in the environment, where they linger for decades before degrading into harmful microplastics."

A world-renowned catalysis expert, Marks is the Vladimir N. Ipatieff Professor of Catalytic Chemistry at Northwestern's Weinberg College of Arts and Sciences and a professor of chemical and biological engineering at Northwestern's McCormick School of Engineering. He is also a faculty affiliate at the Paula M. Trienens Institute for Sustainability and Energy. Kratish is a research assistant professor in Marks' group, and an affiliated faculty member at the Trienens Institute. Qingheng Lai, a research associate in Marks' group, is the study's first author. Marks, Kratish and Lai co-led the study with Jeffrey Miller, a professor of chemical engineering at Purdue University; Michael Wasielewski, Clare Hamilton Hall Professor of Chemistry at Weinberg; and Takeshi Kobayashi a research scientist at Ames National Laboratory.




The polyolefin predicament

From yogurt cups and snack wrappers to shampoo bottles and medical masks, most people interact with polyolefin plastics multiple times throughout the day. Because of its versatility, polyolefins are the most used plastic in the world. By some estimates, industry produces more than 220 million tons of polyolefin products globally each year. Yet, according to a 2023 report in the journal Nature, recycling rates for polyolefin plastics are alarmingly low, ranging from less than 1% to 10% worldwide.

The main reason for this disappointing recycling rate is polyolefin's sturdy, stubborn composition. It contains small molecules linked together with carbon-carbon bonds, which are famously difficult to break.

"When we design catalysts, we target weak spots," Kratish said. "But polyolefins don't have any weak links. Every bond is incredibly strong and chemically unreactive."

Problems with current processes

Currently, only a few, less-than-ideal processes exist that can recycle polyolefin. It can be shredded into flakes, which are then melted and downcycled to form low-quality plastic pellets. But because different types of plastics have different properties and melting points, the process requires workers to scrupulously separate various types of plastics. Even small amounts of other plastics, food residue or non-plastic materials can compromise an entire batch. And those compromised batches go straight into the landfill.




Another option involves heating plastics to incredibly high temperatures, reaching 400 to 700 degrees Celsius. Although this process degrades polyolefin plastics into a useful mixture of gases and liquids, it's extremely energy intensive.

"Everything can be burned, of course," Kratish said. "If you apply enough energy, you can convert anything to carbon dioxide and water. But we wanted to find an elegant way to add the minimum amount of energy to derive the maximum value product."

Precision engineering

To uncover that elegant solution, Marks, Kratish and their team looked to hydrogenolysis, a process that uses hydrogen gas and a catalyst to break down polyolefin plastics into smaller, useful hydrocarbons. While hydrogenolysis approaches already exist, they typically require extremely high temperatures and expensive catalysts made from noble metals like platinum and palladium.

"The polyolefin production scale is huge, but the global noble metal reserves are very limited," Lai said. "We cannot use the entire metal supply for chemistry. And, even if we did, there still would not be enough to address the plastic problem. That's why we're interested in Earth-abundant metals."

For its polyolefin recycling catalyst, the Northwestern team pinpointed cationic nickel, which is synthesized from an abundant, inexpensive and commercially available nickel compound. While other nickel nanoparticle-based catalysts have multiple reaction sites, the team designed a single-site molecular catalyst.

The single-site design enables the catalyst to act like a highly specialized scalpel -- preferentially cutting carbon-carbon bonds -- rather than a less controlled blunt instrument that indiscriminately breaks down the plastic's entire structure. As a result, the catalyst allows for the selective breakdown of branched polyolefins (such as isotactic polypropylene) when they are mixed with unbranched polyolefins -- effectively separating them chemically.

"Compared to other nickel-based catalysts, our process uses a single-site catalyst that operates at a temperature 100 degrees lower and at half the hydrogen gas pressure," Kratish said. "We also use 10 times less catalyst loading, and our activity is 10 times greater. So, we are winning across all categories."

Accelerated by contamination

With its single, precisely defined and isolated active site, the nickel-based catalyst possesses unprecedented activity and stability. The catalyst is so thermally and chemically stable, in fact, that it maintains control even when exposed to contaminants like PVC. Used in pipes, flooring and medical devices, PVC is visually similar to other types of plastics but significantly less stable upon heating. Upon decomposition, PVC releases hydrogen chloride gas, a highly corrosive byproduct that typically deactivates catalysts and disrupts the recycling process.

Amazingly, not only did Northwestern's catalyst withstand PVC contamination, PVC actually accelerated its activity. Even when the total weight of the waste mixture is made up of 25% PVC, the scientists found their catalyst still worked with improved performance. This unexpected result suggests the team's method might overcome one of the biggest hurdles in mixed plastic recycling -- breaking down waste currently deemed "unrecyclable" due to PVC contamination. The catalyst also can be regenerated over multiple cycles through a simple treatment with inexpensive alkylaluminium.

"Adding PVC to a recycling mixture has always been forbidden," Kratish said. "But apparently, it makes our process even better. That is crazy. It's definitely not something anybody expected."

The study, "Stable single-site organo-Ni catalyst preferentially hydrogenolyzes branched polyolefin C-C bonds," was supported by the U.S. Department of Energy (award number DE-SC0024448) and The Dow Chemical Company.
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Central Asia's last stable glaciers just started to collapse | ScienceDaily
Too little snowfall is now also shaking the foundations of some of the world's most resilient 'water towers', a new study led by the Pellicciotti group at the Institute of Science and Technology Austria (ISTA) shows. After establishing a monitoring network on a new benchmark glacier in central Tajikistan, the international team of researchers was able to model the entire catchment's behavior from 1999 to 2023. The results, showing decreasing glacier health, were published in Communications Earth & Environment.


						
High-mountain Asia has been nicknamed the Third Pole due to its massive meltwater reserves, which are second only to the Arctic and Antarctic polar caps. In Central Asia, the northwestern Pamir Mountains in Tajikistan have been home to some of the last stable or growing glaciers outside the polar regions. However, between the collapse of the Soviet Union and the return of new monitoring networks, this region has also suffered from a dire lack of observational data for decades.

Researchers from Professor Francesca Pellicciotti's group at the Institute of Science and Technology Austria (ISTA) are contributing to an international effort to address this issue. They teamed up with local researchers in Tajikistan and collaborators in Switzerland, Austria, and France to establish their own climate station on a benchmark catchment and model the glacier's changes over more than two decades. Now, their first joint publication shows evidence that the glacier likely reached its tipping point in 2018.

"Due to the general lack of data and robust future projections in the region, we can't tell yet whether this was truly the 'point of no return' for Pamir glaciers," says the study's first author, Achille Jouberton, a PhD student in the Pellicciotti group at ISTA. "We must keep in mind that this study only considers one specific catchment and extends from 1999 to 2023. However, it is the first study of its kind. Similar efforts will need to address these issues on a larger geographical scale."

Understanding an anomalous state

Climate change has had a substantial impact on glaciers worldwide. While those in the Alps, Andes, and elsewhere in the world have been melting at a disconcerting rate, some glaciers in the Central Asian Pamir and Karakoram mountains were found to be surprisingly stable, possibly even growing. This unexpected and counterintuitive behavior of the glaciers has been termed the Pamir-Karakoram Anomaly. "Central Asia is a semiarid region that is highly dependent on snow and ice melt for downstream water supply," says ISTA Professor Pellicciotti. "But we still do not fully understand the causes of this anomalous glacier state." Are these the last resilient glaciers in the face of climate change?

The team chose to establish their monitoring site on Kyzylsu Glacier in the northwestern Pamir, in central Tajikistan. This climate station is situated at an elevation of just below 3400 meters above sea level in a country where half of the territory rises above 3000 meters. "Kyzylsu is becoming a benchmark monitoring site due to the various observational sites recently established on and around the glacier," explains Jouberton. There, the researchers aim to start to shed light on the glaciers' anomalous behavior in the region.




"The challenge is that there is almost no data at all."

Since setting up their monitoring network at the Kyzylsu catchment in 2021, the team has collected extensive data about snowfall and water resources in the area. Using these observations and climate reanalysis data as inputs to their computational models, they were able to simulate the glacier's behavior from 1999 to 2023. "We modeled the catchment's climate, its snowpack, the glacier mass balances, and the water movements," says Jouberton. "But whichever way we analyzed the model, we saw an important tipping point in 2018 at the latest. Since then, the decreased snowfall has changed the glacier's behavior and affected its health."

In fact, the glacier ice melt has increased, compensating for around a third of the lost water resources from reduced precipitation. Therefore, it seems the anomalous phase of the glacier's relative stability in the face of climate change has reached its end.

The researchers used computational models driven by their critically important, new local observations. However, observational data alone would not have answered all questions, even if dense coverage was provided. "We need models and simulations anyway in our work, from the bottom of the valley to the top of the glacier. Even in Europe and Canada, where the monitoring networks are much more extensive, climate stations remain small, localized points on the map," says Jouberton. "But the challenge in the Pamir region is that there is almost no data at all." Therefore, the researchers have to densify the observational mesh. "In light of all these challenges, we are not sure how accurate the input to the model is. But since it performed well against independent observations, we are quite confident about the output. Our work is a first step in the right direction."

Backpacks loaded with precious equipment

Since establishing the collaboration in 2021, while the Pellicciotti group was located at the Swiss Federal Institute for Forest, Snow and Landscape Research (WSL), the researchers have visited Tajikistan seven times. "We've planned field trips every summer with the local research institutes in Dushanbe and hiked with our backpacks loaded with precious equipment to set camp in remote mountains, cut off from the world. Having local scientists as part of the field trip not only favors close collaboration and scientific exchange but also helps us overcome the language barrier while interacting with the local inhabitants who depend on the glaciers," says Jouberton.




2025 marks a milestone as this summer's field trip was the last one within the project's current funding period. Among this year's goals were updating and automating the monitoring networks to ensure they remain functional for decades to come. By also sharing essential knowledge about the equipment's maintenance with local inhabitants, they hope to make their work more sustainable and reduce the need for frequent field trips. Up to now, they had to travel to exchange the equipment's internal batteries, maintain the stations' functionality, and collect their data using USB sticks.

Considerable local impact

The team's work relies on close cooperation with the locals. "The shepherds know us. They see us every year and often invite us for lunch. They know where we set up our stations and do their best to ensure that nothing disturbs the measurements," says Jouberton. The team discusses the data with the locals, shares information, and works in the wilderness amid the local inhabitants, their children, and livestock. Frequently, the locals report events that have happened in the mountains. "It is impressive to hear the locals tell us about things we only saw in satellite data. This gives a real and personal impact to our work."

The Kyzylsu catchment contributes to the drainage basin of the Amu Darya, one of the major rivers in Central Asia, whose water originates almost entirely from glaciers. The Amu Darya is also a former inflow of the now mostly dried-up Aral Sea. This inland sea has suffered from the ongoing decades-long diversion of its two main inflow rivers, the Amu Darya to the south and the Syr Darya to the northeast, to irrigate cotton fields created in the desert during Soviet times. "But the effects of the glaciers are the strongest in their immediate ecosystems," says Jouberton. "Even though the Kyzylsu Glacier and likely other Pamir glaciers seem to be melting faster and pumping more water into the system, it is unlikely that they will refill what's left of the Aral Sea."

The present study was conducted by researchers from the Pellicciotti group at the Institute of Science and Technology Austria (ISTA), previously at the Swiss Federal Research Institute WSL, Switzerland, in collaboration with scientists from the Institute of Environmental Engineering, ETH Zurich, Switzerland, the University of Zurich, Department of Geography, Glaciology and Geomorphodynamics Group, Switzerland, the Department of Geosciences, University of Fribourg, Switzerland, the Institut des Geosciences de l'Environnement, Universite Grenoble-Alpes, CNRS, IRD, France, the Department of Atmospheric and Cryospheric Sciences, University of Innsbruck, Austria, the Geophysical Institute, University of Alaska Fairbanks, USA, the Center for the Research of Glaciers of the Tajik Academy of Tajikistan, Dushanbe, Tajikistan, and the Mountain Societies Research Institute, University of Central Asia, Dushanbe, Tajikistan.
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Scientists discover how to wipe out breast cancer's hidden cells | ScienceDaily
A first-of-its-kind, federally funded clinical trial has shown it's possible to identify breast cancer survivors who are at higher risk of their cancer coming back due to the presence of dormant cancer cells and to effectively treat these cells with repurposed, existing drugs. The research, led by scientists from the Abramson Cancer Center of the University of Pennsylvania and Penn's Perelman School of Medicine was published today in Nature Medicine.


						
While breast cancer survival continues to improve, thanks to advances in detection and treatment, when breast cancer relapses -- or returns after initial treatment -- it is still incurable. For the 30 percent of women and men who do relapse, the only option is continuous and indefinite treatment which cannot eliminate the cancer completely. Some breast cancers, like triple negative and HER2+, recur within a few years, and others like ER+ can recur decades later. Until now, there has not been a way to identify those breast cancer survivors who harbor the dormant cells that lead to recurrence in real time and to intervene with a treatment that can prevent incurable relapse.

In a randomized phase II clinical trial with 51 breast cancer survivors, existing drugs were able to clear dormant tumor cells from 80 percent of the study participants. The three-year survival rate without any disease recurrence was above 90 percent in patients who received one drug and 100 percent for patients who received both study drugs.

"The lingering fear of cancer returning is something that hangs over many breast cancer survivors after they celebrate the end of treatment," said principal investigator Angela DeMichele, MD, MSCE, FASCO, the Mariann T. and Robert J. MacDonald Professor in Breast Cancer Research. "Right now, we just don't know when or if someone's cancer will come back -- that's the problem we set out to solve. Our study shows that preventing recurrence by monitoring and targeting dormant tumor cells is a strategy that holds real promise, and I hope it ignites more research in this area."

Seizing a window of opportunity to wipe out cancer while it's sleeping 

The study builds on previous research that showed how dormant tumor cells continue to lay in wait in some patients after breast cancer treatment. These so-called "sleeper cells," also referred to as minimal residual disease (MRD), can reactivate years or even decades later. Because they are not "active" cancer cells and can be scattered throughout the body, they do not show up on standard imaging tests that are used to watch for breast cancer recurrence.

Once the sleeper cells begin to expand and circulate in the bloodstream, it can lead to the spread of metastatic breast cancer. Patients who have MRD are more likely to experience breast cancer recurrence and have decreased overall survival.




Lewis Chodosh, MD, PhD, chair of Cancer Biology and senior author of the study, previously led research to identify the pathways that allow dormant tumor cells to survive in patients for decades.

"Our research shows that this sleeper phase represents an opportunity to intervene and eradicate the dormant tumor cells before they have the chance to come back as aggressive, metastatic disease," Chodosh said. "Surprisingly, we've found that certain drugs that don't work against actively growing cancers can be very effective against these sleeper cells. This tells us that the biology of dormant tumor cells is very different from active cancer cells."

In the preclinical part of the latest research publication, Chodosh's team conducted a series of experiments in mice to better understand the underlying mechanisms. They showed that two different drugs -- approved by the FDA to treat other conditions -- could effectively clear MRD in mice, resulting in longer survival without cancer recurrence. The drugs target autophagy and mTOR signaling, which the researchers found were key mechanisms to allow the tumor cells to remain dormant.

Translating science into original clinical trials 

DeMichele's team first enrolled breast cancer survivors who had completed treatment within the last five years and had clear scans into a screening study that looked for dormant tumor cells in participant's bone marrow.

If dormant tumor cells were found, patients were then eligible to enroll in the Phase II CLEVER clinical trial, which randomized patients to receive six cycles of either monotherapy with one of two study drugs, or combination therapy with both drugs. The treatment cleared dormant tumor cells in most patients after six to 12 months. After a median follow-up time of 42 months, only two patients on the study have experienced a cancer recurrence.

"We want to be able to give patients a better option than 'wait and see' after they complete breast cancer treatment," DeMichele said. "We're encouraged by these results that we're on the right track."

The team is already enrolling patients in two larger, ongoing studies to confirm and extend the results of the CLEVER study: the Phase II ABBY clinical trial and the Phase II PALAVY clinical trial, available at several cancer centers across the country. Patients interested in learning more about these or other breast cancer clinical trials at Penn Medicine should contact [email protected].

The research was made possible with funding from the National Cancer Institute (R01CA208273) and Department of Defense (BC160784), with additional support from the V Foundation, Breast Cancer Research Foundation, QVC "Shoes on Sale," Avon Foundation, Raynier Institute & Foundation, and generous philanthropic donations. DeMichele previously reported interim outcomes data from the study at the European Society for Medical Oncology (ESMO) Congress 2023.
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Why Alzheimer's attacks the brain's memory hub first | ScienceDaily
One of the first parts of the brain affected by Alzheimer's disease is the entorhinal cortex -- a region that plays a big role in memory, spatial navigation, and the brain's internal mapping system.


						
With support from the Commonwealth of Virginia's Alzheimer's and Related Diseases Research Award Fund (ARDRAF), Fralin Biomedical Research Institute at VTC scientists Sharon Swanger and Shannon Farris are working to understand why this area is especially vulnerable.

Swanger studies how brain cells communicate across synapses in disease-susceptible brain circuits, while Farris focuses on how different circuits in the brain's memory center function at the molecular level. Their overlapping expertise made the collaboration a natural fit.

"We've both been studying how circuits differ at the molecular level for a while," said Swanger, an assistant professor at the research institute. "This new collaborative project brings together my work on synapses and Shannon's on mitochondria in a way that addresses a big gap in the Alzheimer's disease field."

"This kind of state-level support is critical," Farris said. "It gives researchers in Virginia the chance to ask questions that may eventually make a difference for people living with Alzheimer's. It's meaningful to be part of research that could help people facing that journey."

A key focus of their research is mitochondria -- tiny structures inside brain cells that provide the energy needed for a variety of cellular functions in neurons including synaptic transmission. In Alzheimer's disease, mitochondria stop working properly in the course of the disease.

Farris and Swanger are investigating whether mitochondria in a vulnerable memory-related circuit may become overloaded with calcium, a key signaling chemical for multiple neuronal and synaptic processes. That overload could contribute to the early breakdown of memory circuits.

"The connection between these cells is one of the first to fail in Alzheimer's," Farris said. "We found that this synapse has unusually strong calcium signals in nearby mitochondria -- so strong we can see them clearly under a light microscope. Those kinds of signals are hard to ignore. It gives us a model where we can really watch what's happening as things start to go wrong."

To test their hypothesis, the researchers will study brain tissue from healthy mice and mice with certain aspects of Alzheimer's pathology. By comparing how mitochondria function and how brain cells communicate across synapses in each group, they hope to find early signs of stress or failure in the entorhinal cortex-hippocampus circuit.

Swanger and Farris are members of the Fralin Biomedical Research Institute's Center for Neurobiology Research and also faculty in the Department of Biomedical Sciences and Pathobiology of the Virginia-Maryland College of Veterinary Medicine.
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Distant suns covered in dark spots could shape the search for life | ScienceDaily
Scientists have devised a new method for mapping the spottiness of distant stars by using observations from NASA missions of orbiting planets crossing their stars' faces. The model builds on a technique researchers have used for decades to study star spots.


						
By improving astronomers' understanding of spotty stars, the new model -- called StarryStarryProcess -- can help discover more about planetary atmospheres and potential habitability using data from telescopes like NASA's upcoming Pandora mission.

"Many of the models researchers use to analyze data from exoplanets, or worlds beyond our solar system, assume that stars are uniformly bright disks," said Sabina Sagynbayeva, a graduate student at Stony Brook University in New York. "But we know just by looking at our own Sun that stars are more complicated than that. Modeling complexity can be difficult, but our approach gives astronomers an idea of how many spots a star might have, where they are located, and how bright or dark they are."

A paper describing StarryStarryProcess, led by Sagynbayeva, published on August 25, in The Astrophysical Journal.

NASA's TESS (Transiting Exoplanet Survey Satellite) and now-retired Kepler Space Telescope were designed to identify planets using transits, dips in stellar brightness caused when a planet passes in front of its star.

These measurements reveal how the star's light varies with time during each transit, and astronomers can arrange them in a plot astronomers call a light curve. Typically, a transit light curve traces a smooth sweep down as the planet starts passing in front of the star's face. It reaches a minimum brightness when the world is fully in front of the star and then rises smoothly as the planet exits and the transit ends.

By measuring the time between transits, scientists can determine how far the planet lies from its star and estimate its surface temperature. The amount of missing light from the star during a transit can reveal the planet's size, which can hint at its composition.




Every now and then, though, a planet's light curve appears more complicated, with smaller dips and peaks added to the main arc. Scientists think these represent dark surface features akin to sunspots seen on our own Sun -- star spots.

The Sun's total number of sunspots varies as it goes through its 11-year solar cycle. Scientists use them to determine and predict the progress of that cycle as well as outbreaks of solar activity that could affect us here on Earth.

Similarly, star spots are cool, dark, temporary patches on a stellar surface whose sizes and numbers change over time. Their variability impacts what astronomers can learn about transiting planets.

Scientists have previously analyzed transit light curves from exoplanets and their host stars to look at the smaller dips and peaks. This helps determine the host star's properties, such as its overall level of spottiness, inclination angle of the planet's orbit, the tilt of the star's spin compared to our line of sight, and other factors. Sagynbayeva's model uses light curves that include not only transit information, but also the rotation of the star itself to provide even more detailed information about these stellar properties.

"Knowing more about the star in turn helps us learn even more about the planet, like a feedback loop," said co-author Brett Morris, a senior software engineer at the Space Telescope Science Institute in Baltimore. "For example, at cool enough temperatures, stars can have water vapor in their atmospheres. If we want to look for water in the atmospheres of planets around those stars -- a key indicator of habitability -- we better be very sure that we're not confusing the two."

To test their model, Sagynbayeva and her team looked at transits from a planet called TOI 3884 b, located around 141 light-years away in the northern constellation Virgo.




Discovered by TESS in 2022, astronomers think the planet is a gas giant about five times bigger than Earth and 32 times its mass.

The StarryStarryProcess analysis suggests that the planet's cool, dim star -- called TOI 3384 -- has concentrations of spots at its north pole, which also tips toward Earth so that the planet passes over the pole from our perspective.

Currently, the only available data sets that can be fit by Sagynbayeva's model are in visible light, which excludes infrared observations taken by NASA's James Webb Space Telescope. But NASA's upcoming Pandora mission will benefit from tools like this one. Pandora, a small satellite developed through NASA's Astrophysics Pioneers Program, will study the atmospheres of exoplanets and the activity of their host stars with long-duration multiwavelength observations. The Pandora mission's goal is to determine how the properties of a star's light differs when it passes through a planet's atmosphere so scientists can better measure those atmospheres using Webb and other missions.

"The TESS satellite has discovered thousands of planets since it launched in 2018," said Allison Youngblood, TESS project scientist at NASA's Goddard Space Flight Center in Greenbelt, Maryland. "While Pandora will study about 20 worlds, it will advance our ability to pick out which signals come from stars and which come from planets. The more we understand the individual parts of a planetary system, the better we understand the whole -- and our own."
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NASA's SPHEREx Captures Comet 3I/ATLAS, a Visitor From Beyond the Solar System | ScienceDaily

									NASA. "NASA's SPHEREx Captures Comet 3I/ATLAS, a Visitor From Beyond the Solar System." ScienceDaily. ScienceDaily, 2 September 2025. <www.sciencedaily.com/releases/2025/09/250902084959.htm>.

									NASA. (2025, September 2). NASA's SPHEREx Captures Comet 3I/ATLAS, a Visitor From Beyond the Solar System. ScienceDaily. Retrieved September 2, 2025 from www.sciencedaily.com/releases/2025/09/250902084959.htm

									NASA. "NASA's SPHEREx Captures Comet 3I/ATLAS, a Visitor From Beyond the Solar System." ScienceDaily. www.sciencedaily.com/releases/2025/09/250902084959.htm (accessed September 2, 2025).

								


							



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/09/250902084959.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




			
			
			
				Science News

				from research organizations

			

			

			

			
			NASA's Webb Space Telescope Reveals Secrets of Interstellar Comet 3I/ATLAS

			
			
			
					Date:

					September 2, 2025

					Source:

					NASA

					Summary:

					Webb, Hubble, and SPHEREx are joining forces to study the interstellar comet 3I/ATLAS, revealing details about its structure and chemistry. The comet isn't dangerous, but it's offering scientists a rare chance to explore material from outside our solar system.
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[image: Webb Observes Interstellar Comet 3I/ATLAS]
 NASA's James Webb Space Telescope has captured detailed observations of interstellar comet 3I/ATLAS, working in tandem with other missions like Hubble and SPHEREx to uncover the comet's size, makeup, and physical traits. Credit: NASA/James Webb Space Telescope

 





						NASA's James Webb Space Telescope observed interstellar comet 3I/ATLAS Aug. 6, with its Near-Infrared Spectrograph instrument. The research team has been analyzing insights from Webb's data, and a preprint is available online. Webb is one of NASA's space telescopes observing this comet, together providing more information about its size, physical properties, and chemical makeup. For example, NASA's Hubble Space Telescope and the recently launched SPHEREx mission have also observed the comet. While the comet poses no threat to Earth, NASA's space telescopes help support the agency's ongoing mission to find, track, and better understand solar system objects.
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Study finds cannabis improves sleep where other drugs fail | ScienceDaily
Insomnia patients taking cannabis-based medical products reported better quality sleep after up to 18 months of treatment, according to a study published August 27 in the open-access journal PLOS Mental Health by Arushika Aggarwal from Imperial College London, U.K., and colleagues.


						
About one out of every three people has some trouble getting a good night's rest, and 10 percent of adults meet the criteria for an insomnia disorder. But current treatments can be difficult to obtain, and the drugs approved for insomnia run the risk of dependence. To understand how cannabis-based medical products might affect insomnia symptoms, the authors of this study analyzed a set of 124 insomnia patients taking medical cannabis products. They examined the patient's reports of their sleep quality, anxiety/depression, and quality of life changes between one and 18 months of treatment.

The patients reported improved sleep quality that lasted over the 18 months of treatment. They also showed significant improvements in anxiety/depression as well as reporting less pain. About nine percent of the patients reported adverse effects such as fatigue, insomnia, or dry mouth, but none of the side effects were life-threatening. While randomized controlled trials will be needed to prove that the products are safe and effective, the authors suggest that cannabis-based medical products could improve sleep quality in insomnia patients.

Co-author Dr. Simon Erridge, Research Director at Curaleaf Clinic, summarizes: "Over an 18-month period, our study showed that treatment for insomnia with cannabis-based medicinal products was associated with sustained improvements in subjective sleep quality and anxiety symptoms. These findings support the potential role of medical cannabis as a medical option where conventional treatments have proven ineffective, though further randomised trials are needed to confirm long-term efficacy."

He adds: "Conducting this long-term study provided valuable real-world evidence on patient outcomes that go beyond what we typically see in short-term trials. It was particularly interesting to observe signs of potential tolerance over time, which highlights the importance of continued monitoring and individualized treatment plans."
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Scientists reveal how breathwork unlocks psychedelic bliss in the brain | ScienceDaily
Breathwork while listening to music may induce a blissful state in practitioners, accompanied by changes in blood flow to emotion-processing brain regions, according to a study published August 27, 2025, in the open-access journal PLOS One by Amy Amla Kartar from the Colasanti Lab in the Department of Clinical Neuroscience at Brighton and Sussex Medical School, U.K., and colleagues. These changes occur even while the body's stress response may be activated and are associated with reporting reduced negative emotions.


						
The popularity of breathwork as a therapeutic tool for psychological distress is rapidly expanding. Breathwork practices that increase ventilatory rate or depth, accompanied by music, can lead to altered states of consciousness (ASCs) similar to those evoked by psychedelic substances. High ventilation breathwork (HVB) might offer a non-pharmacological alternative, with fewer legal and ethical restrictions to large-scale adoption in clinical treatment. However, the neurobiological mechanisms and subjective experience underlying ASCs induced by HVB have not been studied extensively.

To fill this knowledge gap, Kartar and colleagues characterized ASCs induced by HVB in experienced practitioners by analyzing self-reported data from 15 individuals who participated online, 8 individuals who participated in the lab, and 19 individuals who underwent magnetic resonance imaging. Their task consisted of a 20- to 30-minute session of cyclic breathing without pausing while listening to music, followed by a series of questionnaires within 30 minutes of finishing the breathwork session.

The results showed that the intensity of ASCs evoked by HVB was proportional to cardiovascular sympathetic activation, as indicated by a decrease in heart rate variability, indicating a potential stress response. In addition, HVB-evoked ASCs were associated with a profound decrease in blood flow to the left operculum and posterior insula - brain regions implicated in representing the internal state of the body, including breathing. Also, despite HVB causing large and global reductions in blood flow to the brain, there was a progressive increase in blood flow during the session to the right amygdala and anterior hippocampus, which are brain regions involved in the processing of emotional memories. These blood flow changes correlated with psychedelic experiences, demonstrating that these alterations may underlie the positive effects of this breathwork.

During all experimental sessions, participants reported a reduction in fear and negative emotions, with no adverse reactions. Across participants and experimental settings, HVB reliably enhanced ASCs dominated by Oceanic Boundlessness (OBN), which is a term coined by Freud in 1920 that describes a set of related feelings including spiritual experience, insightfulness, blissful state, positively experienced depersonalization, and the experience of unity. OBN is considered as a defining aspect of ASCs evoked by psychedelic substances, such as psilocybin.

According to the authors, their study was novel and exploratory and requires replication by future research including larger sample sizes and a control group to separate the effects of music on the brain. Despite these limitations, the findings provide a better understanding of HVB and direct research to investigate its therapeutic applications.

The authors add: "Our research is the first to use neuroimaging to map the neurophysiological changes that occur during breathwork. Our key findings include that breathwork can reliably evoke profound psychedelic states. We believe that these states are linked to changes in the function of specific brain regions involved in self-awareness, and fear and emotional memory processing. We found that more profound changes in blood flow in specific brain areas were linked to deeper sensations of unity, bliss, and emotional release, collectively known as "oceanic boundlessness."

Amy Kartar, lead author, adds: "Conducting this research was a fantastic experience. It was thrilling to explore such a novel area - while many people anecdotally recognize the health benefits of breathwork, this style of fast-paced breathing has received very little scientific attention. We are very grateful to our participants for making this work possible."

Dr. Alessandro Colasanti, P.I., adds: "Breathwork is a powerful yet natural tool for neuromodulation, working through the regulation of metabolism across the body and brain. It holds tremendous promise as a transformative therapeutic intervention for conditions that are often both distressing and disabling."
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The midlife crisis is over, but something worse took its place | ScienceDaily
A new survey-based study suggests that the "unhappiness hump" -- a widely documented rise in worry, stress, and depression with age that peaks in midlife and then declines -- may have disappeared, perhaps due to declining mental health among younger people. David Blanchflower of Dartmouth College, U.S., and colleagues present these findings in the open-access journal PLOS One on August 27, 2025.


						
Since 2008, a U-shaped trend in well-being with age, in which well-being tends to decline from childhood until around age 50 before rebounding in old age, has been observed in developed and developing countries worldwide. Data have also revealed a corresponding "ill-being" or unhappiness hump.

Recent data point to a worldwide decline in well-being among younger people, but most studies have not directly addressed potential implications for the unhappiness hump. To help clarify, Blanchflower and colleagues first analyzed data from U.S. and U.K. surveys that included questions about participants' mental health. U.S. data included responses from more than 10 million adults surveyed by the Centers for Disease Control and Prevention between 1993 and 2024. U.K. data spanned 2009 through 2023 and were collected in the ongoing U.K. Household Longitudinal Study, which involves 40,000 households.

The analysis showed that, in the U.S. and the U.K., the ill-being hump has disappeared, such that ill-being / unhappiness now tends to decline over the course of a lifetime. Ill-being among people in their late 40s and older did not change significantly. Instead, the hump's disappearance appears to be due to a decline in mental health among younger people.

Next, the researchers analyzed data on nearly 2 million people from 44 countries, including the U.S. and the U.K., from a mental health study called Global Minds. Covering the years 2020 through 2025, these data suggest the unhappiness hump has disappeared worldwide.

Reasons for the disappearance of the unhappiness hump are unclear. The authors suggest several possibilities, including long-term impacts of the Great Recession on job prospects for younger people, underfunded mental health care services, mental health challenges posed by the COVID-19 pandemic, and increased social media use. Further research is needed to determine whether any of these or other factors are at play.

The authors add: "Ours is the first paper to show that the decline in young people's mental health in recent years means that today, both in the United States and the United Kingdom, mental ill-being is highest among the young and declines with age. This is a huge change from the past when mental ill-being peaked in middle-age. The reasons for the change are disputed but our concern is that today there is a serious mental health crisis among the young that needs addressing."
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Mysterious bone disease ravaged Brazil's giant dinosaurs | ScienceDaily
A set of bones belonging to sauropods, as long-necked dinosaurs are called, found in the municipality of Ibira in the state of Sao Paulo, Brazil, reveals that the region was conducive to a bone disease that was fatal to these animals.


						
Supported by FAPESP, the researchers found signs of osteomyelitis, a bone disease that can be caused by bacteria, viruses, fungi, or protozoa, in the fossils of six individuals from the Cretaceous period, approximately 80 million years ago.

The bones show no signs of regeneration, suggesting that the animals died with the disease still active, probably as a result of it. The study was published in the journal The Anatomical Record.

"There have been few findings of infectious diseases in sauropods, the first having been published recently. The bones we analyzed are very close to each other in time and from the same paleontological site, which suggests that the region provided conditions for pathogens to infect many individuals during that period," says Tito Aureliano, the first author of the study and a researcher at the Regional University of Cariri (URCA) in Crato, in the Brazilian state of Ceara.

One of the lesions was confined to the marrow. The other bones, which were also found between 2006 and 2023 at the Vaca Morta site, have lesions that extend from the marrow to the outer part. These lesions have a spongy texture, indicating vascularization in the region. This texture differentiates the lesions from other pathologies that can affect bone tissue, such as osteosarcoma and bone neoplasia, two types of cancer.

There were no signs of healing, which is when the bone tissue lost in the lesion is replaced by new tissue. This sign of regeneration is quite common in the fossil record of bones affected by bites from other dinosaurs.

Analysis

The study was supported by the Institute for the Study of Parasitic Hymenoptera in the Brazilian Southeast Region (HYMPAR), which is a National Institute of Science and Technology (INCT) supported by the National Council for Scientific and Technological Development (CNPq) and FAPESP.




At IEHYPA-Sudeste, which is coordinated by Angelica Maria Penteado Martins Dias, a professor at the Federal University of Sao Carlos (UFSCar), researchers analyzed the bones using a scanning electron microscope (SEM) and a stereomicroscope.

Three previously unknown manifestations of osteomyelitis were identified in the fossils. One set contained small protrusions, bone elevations, or "bumps" in a circular shape.

Other protrusions had a pattern similar to fingerprints and were elliptical in shape. Finally, a third set had round, wide marks that were larger than all the others. "These lesions could connect with muscles and skin and become exposed, oozing blood or pus," explains Aureliano.

It was impossible to determine exactly which bones were analyzed; however, it was known that one was a rib and the rest were from the lower limbs of small and giant species. It was also not possible to identify the cause of the infections.

In a 2021 study published in Cretaceous Research, researchers described the first case of bone infection caused by a blood parasite resulting in osteomyelitis. The bones in that case were from a small sauropod species, Ibirania parva, which was found in the same location as the fossils analyzed now.

The region, known as the Sao Jose do Rio Preto Formation - because it encompasses the municipality of the same name - had an arid climate with shallow, slow-moving rivers and large pools of standing water. In these environments, many dinosaurs became stuck and died, producing fossils.

"This environment probably favored pathogens, which may have been transmitted by mosquitoes or by the water itself that was ingested by the fauna, which included dinosaurs, turtles, and animals similar to today's crocodiles," says Aureliano.

The author also points out that the evidence provided by the study may be useful for future paleontological and archaeological work because it presents different manifestations of the same disease in bones and differentiates it from others.
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Powerful new painkiller ADRIANA shows promise in ending opioid dependence | ScienceDaily
Opioids like morphine are widely used in medical practice due to their powerful pain-relieving effects. However, they carry the risk of serious adverse effects such as respiratory depression and drug dependence. For this reason, Japan has strict regulations in place to ensure that these medications are prescribed only by authorized physicians.


						
In the United States, however, the opioid OxyContin was once prescribed frequently triggering a surge in the misuse of synthetic opioids such as fentanyl. As a result, the number of deaths caused by opioid overdose surpassed 80,000 in 2023, escalating into a national public health crisis now referred to as the "opioid crisis."

Opioids may soon have a rival, however. A team of researchers at Kyoto University has recently discovered a novel analgesic, or pain reliever, which exerts its effect through an entirely different mechanism. Clinical development of their drug ADRIANA is currently underway as part of an international collaborative effort.

"If successfully commercialized, ADRIANA would offer a new pain management option that does not rely on opioids, contributing significantly to the reduction of opioid use in clinical settings," says corresponding author Masatoshi Hagiwara, a specially-appointed professor at Kyoto University.

The research team was first inspired by substances that mimic noradrenaline, which is released in life-threatening situations andactivates a2A-adrenoceptors to suppress pain. However, these pose a high risk of cardiovascular instability. After observing noradrenaline levels and a2B-adrenoceptors, the team hypothesized that selectively blocking a2B-adrenoceptors could elevate noradrenaline levels, leading to activation of a2A-adrenoceptors and resulting in pain relief without causing cardiovascular instability.

To identify selective inhibitors of a2B-adrenoceptors and measure the activity of individual a2-adrenoceptor subtypes, the researchers employed a novel technology known as the TGFa shedding assay and conducted compound screening leading to their discovery of the world's first selective a2B-adrenoceptor antagonist.

After success in administering the compound to mice and conducting non-clinical studies to assess its safety, physician-led clinical trials were conducted at Kyoto University Hospital. Both the Phase I trial in healthy volunteers and the Phase II trial in patients with postoperative pain following lung cancer surgery yielded highly promising results.

Building on these outcomes, preparations are now underway for a large-scale Phase II clinical trial in the United States, in collaboration with BTB Therapeutics, Inc, a Kyoto University-originated venture company.

As Japan's first non-opioid analgesic, ADRIANA has the potential not only to relieve severe pain for patients worldwide but could also play a meaningful role in addressing the opioid crisis -- a pressing social issue in the United States -- and thus contribute to international public health efforts.

"We aim to evaluate the analgesic effects of ADRIANA across various types of pain and ultimately make this treatment accessible to a broader population of patients suffering from chronic pain," says Hagiwara.
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Stronger weed, higher risk? Potent THC linked to psychosis and addiction | ScienceDaily
A systematic review analyzed associations of high-concentration delta-9-tetrahydrocannabinol (THC) cannabis products with mental health outcomes. The review found that high-concentration THC products are associated with unfavorable mental health outcomes, particularly for psychosis or schizophrenia and cannabis use disorder (CUD). However, there are limitations to currently available evidence and the researchers call for studies with improved designs to provide more accurate guidance for clinicians and the public. The review is published in Annals of Internal Medicine.


						
Researchers from University of Colorado Anschutz Medical Campus and colleagues analyzed 99 studies comprising 221,097 participants completed between 1977 and 2023. Study selection was intentionally broad and included studies examining associations between high-concentration cannabis products and mental health outcomes regardless of whether the study had the purpose of evaluating therapeutic effects.

High-concentration cannabis products were defined as having THC concentration exceeding 5 mg THC or 10% THC per serving or products described as "high-potency concentrate," "shatter," or "dab." The mental health outcomes of interest included anxiety, depression, psychosis, schizophrenia, CUD and other substance use disorders. The researchers defined acute effects (within 12 hours), post-acute effects (after consistent use for 1 to 2 months), and long-term effects (after consistent use for > 1 year).

In studies not testing for therapeutic effects, high concentration THC products were associated with psychosis, schizophrenia, and cannabis use disorder. No therapeutic studies found favorable effects on psychosis or schizophrenia. Of non-therapeutic studies, 53% identified unfavorable associations with anxiety and 41% found unfavorable associations with depression. Among therapeutic studies, some suggested beneficial effects for anxiety (47%) and depression (48%), while others suggested unfavorable effects (24% for anxiety and 30% for depression).

The findings reinforce previous conclusions that higher THC concentrations increase the risk for adverse mental health outcomes; however, they fall short of providing the definitive evidence needed to provide clear advice to patients.
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The next Ozempic: A 4-in-1 breakthrough for lasting weight loss | ScienceDaily
Weight loss drugs like Ozempic and Wegovy are used by over 15 million adults in the U.S., or 4.5% of the population. Despite their effectiveness, they have drawbacks. Their effect may not last after discontinuing use, and side effects including osteoporosis and muscle loss have raised concerns about long-term harms. They also induce nausea, which can make it difficult to stay the course of treatment.


						
Now Tufts researchers led by Krishna Kumar, Robinson Professor of Chemistry, have designed a new, next-generation compound with hopes that it could be more effective with fewer side effects, which they report in a paper in the Journal of the American Chemical Society.

While weight loss drugs currently on the market and in development target one, two, or even three hormone receptors related to glucose metabolism and the desire to eat, the Tufts team has identified a fourth target that could potentially further enhance the control strategy.

"Obesity is linked to over 180 different disease conditions, including cancer, cardiovascular disease, osteoarthritis, liver disease, and type 2 diabetes, and affects over 650 million people worldwide," said Kumar. "What drives us is the idea that we can design a single drug to treat obesity and simultaneously mitigate the risk of developing a long list of health problems plaguing society."

How the Drugs Work

After we eat a meal, our gut and brain trigger a hormonal "fuel gauge" that regulates levels of glucose and tells us when we have had enough to eat.

The hormone glucagon-like peptide 1 (GLP-1) is released to help stimulate the production of insulin and the uptake of glucose in muscle and other tissues. With the cells now loaded with fuel, the level of glucose in the blood returns to normal. Ozempic uses GLP-1 with slight modifications to increase its availability in the bloodstream. Its success in controlling blood glucose has prompted the American Diabetes Association to recommend it and other GLP-1-based drugs as the new first line injectable treatments for diabetes, ahead of insulin.




But GLP-1 also acts directly on the brain, making us feel full after having a meal, and it slows down the rate that the stomach contents are emptied into the intestines, creating a more evenly paced release of nutrients and glucose into the bloodstream. That's why it has also become extremely popular as a weight loss treatment.

It's still not a perfect drug strategy for weight loss, though. "The biggest problem with GLP-1 drugs is that they have to be injected once a week, and they can induce a very strong feeling of nausea," said Kumar. "As much as 40% of people using these drugs give up after the first month."

A second hormone released after eating is glucose-dependent insulinotropic peptide (GIP). It also makes us feel full after a meal. GIP looks a lot like GLP-1, so rather than administer two drugs, researchers created one peptide that incorporates structural elements of both -- what's called in drug development a chimera. That drug, called Mounjaro or Zepbound (the brand names for tirzepatide), has the added benefit of significantly reducing nausea. As a more tolerable treatment, it may overtake Ozempic in the weight loss market.

"And then there is a third hormone, glucagon," said Kumar. "Paradoxically, it actually increases blood glucose, but at the same time increases the expenditure of energy in cells of the body, raises body temperature, and suppresses appetite." By adding glucagon to the mix, GLP-1 and GIP end up neutralizing its glucose-enhancing effect, leaving the remaining functionalities of all three hormones working together to enhance weight loss.

Glucagon is also similar in structure to GLP-1 and GIP, so drug developers created a single chimera peptide that incorporates elements of all three hormones, which can be recognized by their three separate receptors. That drug, called retatrudide, is currently in clinical trials that indicate even greater achievable weight loss (up to 24%) compared to the original GLP-1 drugs (6-15%).

Going for the Weight Loss Gold Standard with a Fourth Target

"The goal that people are trying to shoot for is bariatric surgery," said Kumar. That's a surgical procedure significantly reducing the size of the stomach, which can achieve long-lasting weight loss up to 30%. "For individuals with persistent obesity and potential deadly associated conditions, it becomes a necessary but invasive treatment."




Current injectable weight loss drugs still fall short of that gold standard, so the Tufts chemists are focused on a drug redesign that could match the 30% weight loss outcome.

"There is one more hormone we wanted to bring in to complete a weight control quartet," said Tristan Dinsmore, a graduate student in the Kumar lab and the lead author of the study. "It's called peptide YY (PYY). This molecule is also secreted by the gut after we eat a meal, and its job is to reduce appetite and slow the process of emptying food from the stomach, but via different mechanisms than either GLP-1 or GIP. It may also be involved in directly 'burning off' fat."

PYY is from a separate and structurally unrelated class of hormones than the first three, so blending its structure into a chimeric peptide that also mimics GLP-1, GIP, and glucagon was not easy. Instead, the Tufts team was able to join two peptide segments end-to-end, creating a new 'tetra-functional' clinical candidate.

"One of the limitations of the current drugs is that individual variation, possibly including how people express target receptors or respond to their corresponding hormones, can lead to lesser than desired weight loss outcomes in many patients," said Martin Beinborn, visiting scholar in the Department of Chemistry. "By hitting four different hormone receptors at the same time, we hope to improve the chances of averaging out such variation toward the goal of achieving greater and more consistent overall effectiveness."

"A second issue is that patients tend to regain weight after discontinuing currently available GLP-1 related drugs," said Beinborn, who notes that lifestyle changes should ideally be a complement to medication treatment. This two-pronged approach will not only support reaching and keeping one's target weight, but may also help preserve bone and muscle mass.

"Recent studies indicate that weight rebound after drug discontinuation is delayed with the newer, more effective GLP-1 mimetics," he said. "Extending from this observation, one may speculate that multi-chimeras along the lines of the one we discovered could get us closer to the bariatric surgery standard of lasting weight loss."
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Your nose could detect Alzheimer's years before memory loss | ScienceDaily
A fading sense of smell can be one of the earliest signs of Alzheimer's disease even before cognitive impairments manifest. Research by scientists at DZNE and Ludwig-Maximilians-Universitat Munchen (LMU) sheds new light on this phenomenon, pointing to a significant role for the brain's immune response, which seems to fatally attack neuronal fibers crucial for the perception of odors. The study, published in the journal Nature Communications, is based on observations in mice and humans, including analysis of brain tissue and so-called PET scanning. These findings may help to devise ways for early diagnosis and, consequently, early treatment.


						
The researchers come to the conclusion that these olfactory dysfunctions arise because immune cells of the brain called "microglia" remove connections between two brain regions, namely the olfactory bulb and the locus coeruleus. The olfactory bulb, located in the forebrain, analyzes sensory information from the nose's scent receptors. The locus coeruleus, a region of the brainstem, influences this processing by means of long nerve fibers originating from neurons in the locus coeruleus and extending all the way to the olfactory bulb. "The locus coeruleus regulates a variety physiological mechanisms. These include, for example, cerebral blood flow, sleep-wake cycles, and sensory processing. The latter applies, in particular, also to the sense of smell," says Dr. Lars Paeger, a scientist at DZNE and LMU. "Our study suggests that in early Alzheimer's disease, changes occur in the nerve fibers linking the locus coeruleus to the olfactory bulb. These alterations signal to the microglia that affected fibers are defective or superfluous. Consequently, the microglia break them down."

Alterations in the membrane

Specifically, the team of Dr. Lars Paeger and Prof. Dr. Jochen Herms, who is a co-author of the current publication, found evidence of changes in the composition of the membranes of the affected nerve fibers: Phosphatidylserine, a fatty acid that usually occurs inside a neuron's membrane, had been moved to the outside. "Presence of phosphatidylserine at the outer site of the cell membrane is known to be an "eat-me" signal for microglia. In the olfactory bulb, this is usually associated with a process called synaptic pruning, which serves to remove unnecessary or dysfunctional neuronal connections," explains Paeger. "In our situation, we assume that the shift in membrane composition is triggered by hyperactivity of the affected neurons due to Alzheimer's disease. That is, these neurons exhibit abnormal firing."

A wide range of data

The findings of Paeger and colleagues are based on a plethora of observations. These include studies on mice with features of Alzheimer's disease, analysis of brain samples from deceased Alzheimer's patients, and positron emission tomography (PET) scans of the brains of individuals with Alzheimer's or mild cognitive impairment. "Smell issues in Alzheimer's disease and damage to the associated nerves have been discussed for some time. However, the causes were unclear until yet. Now, our findings point to an immunological mechanism as cause for such dysfunctions - and, in particular, that such events already arise in the early stages of Alzheimer's disease," says Joachim Herms, a research group leader at DZNE and LMU as well as a member of the Munich-based "SyNergy" Cluster of Excellence.

Perspectives for early diagnosis

So-called amyloid-beta antibodies have recently become available for the treatment of Alzheimer's. For this novel therapy to be effective, it needs to be applied at an early stage of the disease, and this is precisely where the current research could be significant. "Our findings could pave the way for the early identification of patients at risk of developing Alzheimer's, enabling them to undergo comprehensive testing to confirm the diagnosis before cognitive problems arise. This would allow earlier intervention with amyloid-beta antibodies, increasing the probability of a positive response," says Herms.
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How long can one RSV shot protect seniors? Study shows surprising two-year shield | ScienceDaily
One shot of an RSV vaccine protects adults ages 60 or older from RSV-associated hospitalization and critical illness during two consecutive RSV seasons, according to a study published in JAMA on August 30 by the IVY Network research group.


						
RSV causes substantial seasonal illness during fall and winter in the U.S., with an estimated 100,000-150,000 hospitalizations and 4,000-8,000 deaths occurring annually among adults 60 or older.

The results reinforce the recommendations for RSV vaccines in older adults and lay the groundwork for understanding how long a single dose of the vaccine may be effective, according to Wesley Self, MD, MPH, principal investigator for the IVY Network and Senior Vice President for Clinical Research at Vanderbilt University Medical Center.

"These results clearly demonstrate that the RSV vaccines prevent hospitalizations and critical illness due to RSV infection among older Americans," Self said. "It is exciting to see the public health benefits of this new vaccination program."

Investigators used data from a multicenter hospital network known as the IVY Network (The Investigating Respiratory Viruses in the Acutely Ill Network) to assess RSV vaccine effectiveness. They used a test-negative, case-control study design among 6,958 persons 60 years or older who had been hospitalized with acute respiratory illness at one of 26 hospitals in 20 US states during two RSV seasons from October 1, 2023-March 31, 2024 and October 1, 2024-April 30, 2025.

Overall, vaccination reduced the risk of RSV hospitalization by 58% during two RSV seasons, including 69% in the first year after vaccination and 48% in the second year after vaccination.

"Our data show that the beneficial effects of RSV vaccines appear to wane over time," Self said. "Redosing the vaccine at some interval after the initial dose could be a strategy to maintain protection over longer periods of time. It will be important to continue to closely monitor vaccine effectiveness over time to understand how long the benefit lasts after a single dose and if repeat dosing should be considered."

Current RSV vaccine recommendations are for all adults aged 75 years and older and those aged 60-74 years who are at an increased risk of severe RSV.

This study was funded by the U.S. Centers for Disease Control and Prevention (CDC) via award 75D30122C14944.
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Scientists stunned by the Universe's first known black hole | ScienceDaily
An international team of astronomers, led by The University of Texas at Austin's Cosmic Frontier Center, has identified the most distant black hole ever confirmed. It and the galaxy it calls home, CAPERS-LRD-z9, are present 500 million years after the Big Bang. That places it 13.3 billion years into the past, when our universe was just 3% of its current age. As such, it provides a unique opportunity to study the structure and evolution of this enigmatic period.


						
"When looking for black holes, this is about as far back as you can practically go. We're really pushing the boundaries of what current technology can detect," said Anthony Taylor, a postdoctoral researcher at the Cosmic Frontier Center and lead on the team that made the discovery. Their research was published Aug. 6 in the Astrophysical Journal.

"While astronomers have found a few, more distant candidates," added Steven Finkelstein, a co-author on the paper and director of the Cosmic Frontier Center, "they have yet to find the distinct spectroscopic signature associated with a black hole."

With spectroscopy, astronomers split light into its many wavelengths to study an object's characteristics. To identify black holes, they search for evidence of fast-moving gas. As it circles and falls into a black hole, the light from gas moving away from us is stretched into much redder wavelengths, and light from gas moving toward us is compressed into much bluer wavelengths. "There aren't many other things that create this signature," explained Taylor. "And this galaxy has it!"

The team used data from the James Webb Space Telescope's CAPERS (CANDELS-Area Prism Epoch of Reionization Survey) program for its search. Launched in 2021, JWST provides the most far-reaching views into space available, and CAPERS provides observations of the outermost edge.

"The first goal of CAPERS is to confirm and study the most distant galaxies," said Mark Dickinson, a co-author on the paper and the CAPERS team lead. "JWST spectroscopy is the key to confirming their distances and understanding their physical properties."

Initially seen as an interesting speck in the program's imagery, CAPERS-LRD-z9 turned out to be part of a new class of galaxies known as "Little Red Dots." Present only in the first 1.5 billion years of the universe, these galaxies are very compact, red, and unexpectedly bright.




"The discovery of Little Red Dots was a major surprise from early JWST data, as they looked nothing like galaxies seen with the Hubble Space Telescope," explained Finkelstein. "Now, we're in the process of figuring out what they're like and how they came to be."

CAPERS-LRD-z9 may help astronomers do just that.

For one, this galaxy adds to mounting evidence that supermassive black holes are the source of the unexpected brightness in Little Red Dots. Usually, that brightness would indicate an abundance of stars in a galaxy. However, Little Red Dots exist at a time when such a large mass of stars is unlikely.

On the other hand, black holes also shine brightly. That's because they compress and heat the materials they're consuming, creating tremendous light and energy. By confirming the existence of one in CAPERS-LRD-z9, astronomers have found a striking example of this connection in Little Red Dots.

The newfound galaxy may also help answer what causes the distinct red color in Little Red Dots. That may be thanks to a thick cloud of gas surrounding the black hole, skewing its light into redder wavelengths as it passes through. "We've seen these clouds in other galaxies," explained Taylor. "When we compared this object to those other sources, it was a dead ringer."

This galaxy is also notable for how colossal its black hole is. Estimated as up to 300 million times that of our sun, its mass measures up to half that of all the stars in its galaxy. Even among supermassive black holes, this is particularly big.

Finding such a massive black hole so early on provides astronomers a valuable opportunity to study how these objects developed. A black hole present in the later universe will have had diverse opportunities to bulk up during its lifetime. But one present in the first few hundred million years wouldn't. "This adds to growing evidence that early black holes grew much faster than we thought possible," said Finkelstein. "Or they started out far more massive than our models predict."

To continue their research on CAPERS-LRD-z9, the team hopes to gather more, higher-resolution observations using JWST. This could provide greater insight into it and the role black holes played in the development of Little Red Dots. "This is a good test object for us," said Taylor. "We haven't been able to study early black hole evolution until recently, and we are excited to see what we can learn from this unique object."

Additional data for research came from the Dark Energy Spectroscopic Instrument (DESI) at Kitt Peak National Observatory, a program of NSF NOIRLab.
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        Strange new bacteria found in Amazon sand flies. Could it spread to humans?
        A newly discovered species of Bartonella bacteria in Brazil's Amazon sand flies shares DNA similarities with dangerous Andean strains. Scientists stress the need for further studies to see if it can infect humans and spread beyond its known regions.

      

      
        A common supplement could reverse the hidden harm of sucralose
        Sucralose, the sugar substitute in many diet products, may weaken cancer immunotherapy by altering gut bacteria and reducing arginine levels needed for immune cells. But supplementation with arginine or citrulline could counteract this effect, pointing to new clinical trial possibilities.

      

      
        The fat you can't see may be damaging your heart, even if you exercise
        Hidden fat wrapped around organs, known as visceral fat, has now been linked to faster heart aging. Using AI and imaging from more than 21,000 people in the UK Biobank, scientists found that this invisible belly fat accelerates stiffening and inflammation of the heart, while fat stored around hips and thighs may actually protect women.

      

      
        Experts warn: Smartphones before 13 could harm mental health for life
        Getting a smartphone before age 13 may drastically increase the risk of poor mental health later in life, according to data from more than 100,000 people. Early use is linked to suicidal thoughts, aggression, and detachment, largely driven by social media, cyberbullying, and lost sleep. Researchers urge urgent action to restrict access and protect young minds.

      

      
        Sweeteners in diet drinks may steal years from the brain
        A large Brazilian study following more than 12,000 middle-aged adults found that those consuming the most artificial sweeteners--commonly found in diet sodas, flavored waters, and processed snacks--experienced significantly faster declines in memory and thinking skills. The effect was equivalent to about 1.6 years of extra brain aging, with the strongest impact seen in people under 60 and those with diabetes.

      

      
        Scientists watch Parkinson's protein drill holes in brain cells
        Scientists have uncovered a surprising way Parkinson's disease may start: tiny toxic proteins that punch holes in brain cells like revolving doors. Instead of causing instant collapse, these flickering pores slowly weaken the cells, which could explain the gradual onset of symptoms.

      

      
        Scientists reveal how breakfast timing may predict how long you live
        Meal timing shifts with age, and researchers found that eating breakfast later is tied to depression, fatigue, sleep problems, and an increased risk of death. Monitoring when meals are eaten could provide an easy health marker for aging adults.

      

      
        A 3-minute brainwave test could spot Alzheimer's years before symptoms
        Scientists at the University of Bath have developed a simple three-minute brainwave test called Fastball EEG that can detect memory problems years before Alzheimer's is typically diagnosed. Unlike traditional memory tests, it passively records brain responses to images and has now been proven effective in people's homes. With breakthrough Alzheimer's drugs working best in early stages, this low-cost, accessible tool could transform early detection and treatment.

      

      
        Metformin's mysterious metal effect could explain its big health benefits
        Metformin, the world's most widely used diabetes drug, has long been recognized for its surprising range of benefits beyond lowering blood sugar, from reducing inflammation to lowering cancer risk. Yet its exact mechanism has remained unclear for decades. Now, researchers at Kobe University have uncovered the first clinical evidence that the drug alters levels of key metals in the blood.

      

      
        Overworked neurons burn out and fuel Parkinson's disease
        Overactivation of dopamine neurons may directly drive their death, explaining why movement-controlling brain cells degenerate in Parkinson's. Mice with chronically stimulated neurons showed the same selective damage seen in patients, along with molecular stress responses. Targeting this overactivity could help slow disease progression.

      

      
        Hidden viruses in our DNA could be medicine's next big breakthrough
        Scientists have decoded the 3D structure of an ancient viral protein hidden in our DNA. The HERV-K Env protein, found on cancer and autoimmune cells, has a unique shape that could unlock new diagnostics and therapies.

      

      
        Scientists discover how to wipe out breast cancer's hidden cells
        Scientists at the University of Pennsylvania have shown for the first time that it's possible to detect dormant cancer cells in breast cancer survivors and eliminate them with repurposed drugs, potentially preventing recurrence. In a clinical trial, existing medications cleared these hidden cells in most participants, leading to survival rates above 90%. The findings open a new era of proactive treatment against breast cancer's lingering threat, offering hope to survivors haunted by the fear of r...

      

      
        Why Alzheimer's attacks the brain's memory hub first
        Virginia Tech researchers are investigating how overloaded mitochondria in the brain's memory circuits may spark early Alzheimer's damage. Their work focuses on calcium signaling and how it might trigger breakdowns in the entorhinal cortex.

      

      
        Study finds cannabis improves sleep where other drugs fail
        A long-term study following insomnia patients treated with cannabis-based medical products revealed sustained improvements in sleep quality, mood, and pain management over 18 months. Most participants reported better rest and less anxiety or depression, while only a small fraction experienced mild side effects such as fatigue or dry mouth.

      

      
        Scientists reveal how breathwork unlocks psychedelic bliss in the brain
        High-ventilation breathwork with music can evoke psychedelic-like states, shifting blood flow in the brain and reducing negative emotions. Participants experienced unity and bliss, pointing to a natural therapeutic tool with powerful potential.

      

      
        The midlife crisis is over, but something worse took its place
        Once a universal feature of human psychology, the "unhappiness hump" in midlife has disappeared, replaced by a new trend: mental health is worst in youth and improves with age. Data from the U.S., U.K., and dozens of countries suggest today's young people are driving this shift, facing deeper struggles than previous generations.

      

      
        Powerful new painkiller ADRIANA shows promise in ending opioid dependence
        Japanese scientists have developed ADRIANA, a non-opioid painkiller that could provide powerful relief without the dangers of addiction. With successful trials already completed, large U.S. studies are now underway, raising hopes for a safer future in pain treatment.

      

      
        Stronger weed, higher risk? Potent THC linked to psychosis and addiction
        A sweeping review of nearly 100 studies has raised concerns about the mental health impacts of high-potency cannabis products. Researchers found strong links to psychosis, schizophrenia, and cannabis use disorder, while results for anxiety and depression were mixed and sometimes contradictory. Although the findings confirm that higher THC concentrations pose risks, the evidence still isn't clear enough to offer firm clinical guidance, leaving scientists calling for better-designed studies to fill...

      

      
        The next Ozempic: A 4-in-1 breakthrough for lasting weight loss
        Scientists are racing to improve weight loss treatments beyond drugs like Ozempic and Wegovy, which are effective but plagued by nausea, bone loss, and weight regain. Tufts University chemists have created a new multi-target compound that goes beyond the usual GLP-1, GIP, and glucagon approaches by adding a fourth hormone, PYY. This "quadruple-action" design aims to deliver weight loss results on par with bariatric surgery--up to 30%--without invasive procedures, and could change the future of obes...

      

      
        Your nose could detect Alzheimer's years before memory loss
        Researchers have uncovered why smell often fades early in Alzheimer's: the brain's immune cells dismantle key nerve connections between the olfactory bulb and brainstem. Membrane changes in neurons send an "eat-me" signal to microglia, which mistakenly destroy them. Evidence from mice, human tissue, and PET scans confirms this process. These insights could pave the way for earlier diagnosis and more effective treatment.

      

      
        How long can one RSV shot protect seniors? Study shows surprising two-year shield
        A single RSV vaccine dose is proving to be a powerful shield for older adults, significantly reducing hospitalizations and severe illness over two consecutive RSV seasons. While protection is strongest in the first year and declines somewhat in the second, the findings highlight both the immediate benefits and the importance of ongoing monitoring. With RSV causing tens of thousands of hospitalizations every year in the U.S., this research underscores the potential of vaccination to save lives and...
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Strange new bacteria found in Amazon sand flies. Could it spread to humans? | ScienceDaily

There is currently no evidence in Brazil that this new species of bacteria can cause disease. However, since species of the genus Bartonella are responsible for several diseases in other countries, further studies are needed.

The research was conducted by Marcos Rogerio Andre in partnership with Eunice Aparecida Bianchi Galati. Both researchers are affiliated with Brazilian institutions: the Faculty of Agricultural and Veterinary Sciences of Sao Paulo State University (FCAV-UNESP) in Jaboticabal campus and the School of Public Health of the University of Sao Paulo (FSP-USP). The study was supported by FAPESP through two projects (22/08543-2 and 22/16085-4).

It was published in the scientific journal Acta Tropica and included the participation of researchers Paulo Vitor Cadina Arantes, Israel de Souza Pinto, Daniel Antonio Braga Lee, Anna Claudia Baumel Mongruel, and Rosangela Zacarias Machado.

What is the disease?

Bartonellosis is a term that refers to a group of diseases caused by bacteria of the genus Bartonella. These bacteria are transmitted by various vectors. In addition to sand flies, they can be transmitted by fleas and lice.

Symptoms usually include infections that take a long time to clear up in both humans and animals. These bacteria can remain in the body for a long time without being detected and end up harming patients with preexisting immune problems.




"Bartonellosis is a neglected disease. The disease best known to health professionals is cat scratch disease, caused by Bartonella henselae. It's important to understand the real prevalence of these diseases, especially in isolated regions with low human development indices, where populations don't have easy access to health services," explains Andre.

The objective of the study was to investigate the presence of Bartonella spp. DNA in 297 specimens of female sand flies (Diptera: Psychodidae) collected in the Amazon National Park in the state of Para. "This park has caves and receives many visitors, so it's important to study it," says the researcher.

The phlebotomine sand flies were collected between February 2022 and February 2023. Every month, the researchers collected samples along two trails near the banks of the Urua and Tracoa rivers, which are located within the conservation unit.

"The discovery of Bartonella species in phlebotomine sand flies here in Brazil may indicate that B. bacilliformis and B. ancashensis, which cause Carrion's disease or Peruvian wart, can adapt to non-Andean species and be transmitted in areas outside the Andes. This isn't too much of an extrapolation, as two species that have been identified as vectors of B. bacilliformis, Pintomyia robusta and Pintomyia maranonensis in Peru, are very similar to species found in Brazil, namely Pintomyia serrana and Pintomyia nevesi," explains Galati.

In recent years, the group has been studying the diversity of bacteria found in this genus and the diseases they cause in both humans and animals. According to the scientists, the sequences found in the Amazon differ from those found in Peru; however, the results corroborate data collected in a previous study.

According to Andre, this second article by the research group confirms evidence found in previous studies, such as the discovery of new species of Bartonella in Acre, another Brazilian state in the Amazon region. Therefore, they decided to expand the investigation and analyze samples from Para and other locations.




"We're detecting a strain here in Brazil that's never been described and is very similar to two species of the Bartonella genus that cause disease in Andean countries. Despite this similarity, we don't yet have information on whether it can cause disease with distinct symptoms. That's why we need to study them further," the professor points out.

To continue mapping the insects and the bacteria with which they may be infected, the researchers are collecting samples in various biomes.

"The next steps are to continue investigations involving more populations of phlebotomine sand flies and other diptera from different biomes in search of these strains, as well as to look for other strains," says Galati.

According to the researcher, the next step would be to investigate what animals these insects feed on to find "reservoirs."

"I have a project funded by FAPESP in which I was able to store many specimens of phlebotomine sand flies from the Atlantic Forest of Sao Paulo, and the idea is to explore this material in partnership with Professor Andre," reveals Galati.

Although the results are preliminary, the project has helped the researchers uncover the possibility of finding disease agents that had not yet been detected.

According to Andre, since this is a new finding, it would be beneficial for doctors and researchers to collaborate on investigating this group of bacteria in individuals with fever of unknown origin.

"Could people with fever who are often sent home and who have repeated episodes of fever be infected with this pathogen? Could patients with Leishmania also be co-infected with this new species of Bartonella?" asks the professor.
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A common supplement could reverse the hidden harm of sucralose | ScienceDaily
Sucralose is a popular sugar substitute for people who are cutting calories or managing blood sugar levels, but new research by the University of Pittsburgh and UPMC Hillman Cancer Center suggests that the artificial sweetener may not be the best choice for patients undergoing cancer immunotherapy.


						
Publishing recently in Cancer Discovery, a publication of the American Association for Cancer Research, the study found that patients with melanoma and non-small cell lung cancer who consumed high levels of sucralose had worse response to immunotherapy and poorer survival than those with diets low in the artificial sweetener.

Strikingly, supplements that boosted levels of the amino acid arginine mitigated the negative effects of sucralose on immunotherapy in mice, an approach that could now be tested in clinical trials.

"It's easy to say, 'Stop drinking diet soda,' but when patients are being treated for cancer, they are already dealing with enough, so asking them to drastically alter their diet may not be realistic," said lead author Abby Overacre, Ph.D., assistant professor in the Department of Immunology at Pitt and UPMC Hillman. "We need to meet patients where they are. That's why it's so exciting that arginine supplementation could be a simple approach to counteract the negative effects of sucralose on immunotherapy."

Senior author Diwakar Davar, M.D., associate professor of medicine at Pitt and a medical oncologist and hematologist at UPMC Hillman, collaborating with Overacre and their team, used mouse models to show that the negative impacts of sucralose are driven by disruption to gut bacteria.

Sucralose shifted the composition of the mouse gut microbiome, increasing bacterial species that degrade arginine, which reduced levels of this amino acid in the blood, tumor fluid and stool.

Immune checkpoint inhibitor immunotherapies such as anti-PD1 work by ramping up T cell activity so that they can more effectively kill cancer cells. Arginine is essential for T cell function, especially in cancer.




"When arginine levels were depleted due to sucralose-driven shifts in the microbiome, T cells couldn't function properly," said Overacre. "As a result, immunotherapy wasn't as effective in mice that were fed sucralose."

In mouse models of adenocarcinoma and melanoma, adding sucralose to the diet inhibited anti-PD1 therapy, leading to larger tumors and poorer survival. But when the researchers gave sucralose-fed mice arginine or citrulline, which is metabolized into arginine in the body, the effectiveness of immunotherapy was restored.

To assess the relevance of these findings for humans, the researchers looked at 132 patients with advanced melanoma or non-small cell lung cancer who received anti-PD1 therapy alone or in combination with chemotherapy. Patients filled out detailed diet history questionnaires that included questions about how often they consumed artificial sweeteners in coffee, tea and diet soda.

"We found that sucralose impeded the effectiveness of immunotherapies across a range of cancer types, stages and treatment modalities," said Davar. "These observations raise the possibility of designing prebiotics, such as targeted nutrient supplementation for patients who consume high levels of sucralose."

The researchers hope to launch a clinical trial investigating whether citrulline supplements -- which boost arginine levels more than arginine itself -- affect the gut microbiome and anti-tumor immune response in patients.

They are also interested in looking at how other sugar substitutes, such as aspartame, saccharin, xylitol and stevia, impact the immune system and response to immunotherapy.

Other authors on the study were Kristin Morder, M.S., Madison Nguyen, Drew Wilfahrt, Ph.D., Zakaria Dahmani, Ansen Burr, M.D., Ph.D., Bingxian Xie, Ph.D., Michael Morikone, Ph.D., Hector Nieves-Rosado, M.D., Ph.D., William Gunn, M.S., Drew Hurd, Hong Wang, Ph.D., Steven Mullett, Kaitlin Bossong, Stacy Gelhaus, Ph.D., Dhivyaa Rajasundaram, Ph.D., Lawrence Kane, Ph.D., and Greg Delgoffe, Ph.D., and Jishnu Das, Ph.D., all of Pitt or UPMC.

This research was supported by the National Institutes of Health (DP2AI177967, S10OD023402, S10OD032141, R01CA206517, R01AI138504, T32GM008208, U01 CA271407, R01 CA257265, U01 CA268806 and P50 CA254865), the Damon Runyon Cancer Research Foundation and Gateway for Cancer Research (G-22-800).
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The fat you can't see may be damaging your heart, even if you exercise | ScienceDaily


						
[image: Hidden Belly Fat Ages the Heart Faster]
 Two MRI scans, showing the person on left with more visceral fat (in red) and subcutaeous fat (in blue). Credit: AMRA Medical

 





						Excessive amounts of visceral fat -- the hidden fat surrounding organs -- is linked with faster aging of the heart, a new study has found.

Aging is the biggest risk factor for heart disease, but why some people age faster than others isn't fully understood. The scientists leading the research say that visceral body fat could play an important role in accelerating aging of the heart and blood vessels. This type of fat is known to be harmful to health and this study now links it to faster heart aging.

The study, led by scientists from the Medical Research Council (MRC) Laboratory of Medical Sciences, in London, UK, also found differences between men and women, and discovered that fat around the hips and thighs could potentially slow heart aging in women.

In the study, published in the European Heart Journal, the scientists analyzed data from 21,241 participants in UK Biobank, which includes whole body imaging to map the amount of fat and where it is located in the body.

The UK Biobank data also includes detailed imaging of the heart and blood vessels. Artificial intelligence was used to analyse these images to capture signs of organ aging -- such as tissues becoming stiff and inflamed. An individual was given a "heart age" which can be compared to their actual age at the time of the scan.

The researchers found that faster heart aging was linked to having more visceral adipose tissue. Visceral adipose tissue is fat found deep inside the abdomen around organs such as the stomach, intestines, and liver. This type of fat cannot be seen from the outside, and some people can have large amounts of visceral fat despite having a healthy weight.

The researchers found signs on blood tests that visceral fat is linked to increased inflammation in the body - which is a potential cause of premature aging.

They also found differences between the sexes. Male-type fat distribution (fat around the belly, often called 'apple' shaped) was particularly predictive of early aging in men.

In contrast, a genetic predisposition to female-type fat (fat on the hips and thighs, often called "pear" shaped) was protective against heart aging in women.

The researchers also found a link between higher oestrogen levels in premenopausal women and a slowing of heart aging, which they suggest could indicate a role for hormones in protecting against heart aging.

Professor Declan O'Regan, who led the research at the MRC Laboratory of Medical Sciences and Imperial College London, and is the British Heart Foundation Professor of Cardiovascular AI, said: "We have known about the apple and pear distinction in body fat, but it hasn't been clear howit leads to poor health outcomes. Our research shows that "bad" fat, hidden deep around the organs, accelerates aging of the heart. But some types of fat could protect against aging- specifically fat around the hips and thighs in women."

"We also showed that BMI wasn't a good way of predicting heart age which underscores the importance of knowing where fat is stored in the body and not just total body weight."

"The goal of our research is to find ways to increase healthy lifespan. While being active is important, we found that hidden fat could still be harmful even in fit people. In the future we plan to investigate how drug therapies, such as GLP-1 inhibitors (e.g. Ozempic) could improve not just diabetes and obesity, but target the aging effects of hidden visceral fat."

This study was funded by the Medical Research Council, British Heart Foundation, and the National Institute for Health and Care Research Imperial College Biomedical Research Centre.

Professor Bryan Williams OBE, chief scientific and medical officer at the British Heart Foundation said: "We already know excess visceral fat around the heart and liver can lead to increased blood pressure and high cholesterol, so it is concerning that it could also help to speed up aging of the heart and blood vessels.

"As the pattern of fat distribution typically seen in women's bodies is linked to oestrogen, that hormone may be key to future therapies developed to tackle heart aging.

"Eating a healthier diet and becoming more active can help to reduce visceral fat levels."
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Experts warn: Smartphones before 13 could harm mental health for life | ScienceDaily
Owning a smartphone before age 13 is associated with poorer mind health and wellbeing in early adulthood, according to a global study of more than 100,000 young people.


						
Published recently in the peer-reviewed Journal of Human Development and Capabilities, the study found that 18- to 24-year-olds who had received their first smartphone at age 12 or younger were more likely to report suicidal thoughts, aggression, detachment from reality, poorer emotional regulation, and low self-worth.

The data also shows evidence that these effects of smartphone ownership at an early age are in large part associated with early social media access and higher risks of cyberbullying, disrupted sleep, and poor family relationships by adulthood.

A team of experts from Sapien Labs, which hosts the world's largest database on mental wellbeing, the Global Mind Project -- where the data for this research was pooled from -- are calling for urgent action to protect the mind health of future generations.

"Our data indicate that early smartphone ownership -- and the social media access it often brings -- is linked with a profound shift in mind health and wellbeing in early adulthood," says lead author neuroscientist Dr Tara Thiagarajan, who is the founder and Chief Scientist of Sapien Labs.

"These correlations are mediated through several factors, including social media access, cyberbullying, disrupted sleep, and poor family relationships leading to symptoms in adulthood that are not the traditional mental health symptoms of depression and anxiety and can be missed by studies using standard screeners. These symptoms of increased aggression, detachment from reality and suicidal thoughts can have significant societal consequences as their rates grow in younger generations.

"Based on these findings, and with the age of first smartphones now well under age 13 across the world, we urge policymakers to adopt a precautionary approach, similar to regulations on alcohol and tobacco, by restricting smartphone access for under 13s, mandating digital literacy education and enforcing corporate accountability."

Since the early 2000s, smartphones have reshaped how young people connect, learn and form identities. But alongside these opportunities come growing concerns over how AI-driven social media algorithms may amplify harmful content and encourage social comparison -- while also impacting on other activities such as face-to-face interaction and sleep.




Although many social media platforms set a minimum user age of 13, enforcement is inconsistent. Meanwhile, the average age of first smartphone ownership continues to fall, with many children spending hours a day on their devices.

Currently, it is a mixed picture internationally around the banning on phones in schools, at least. In recent years, several countries have banned or restricted cell phone use in institutions, including France, the Netherlands, Italy, and New Zealand. Results of these moves are limited, however a study commissioned by the Dutch government has found improved focus among students. This month, policymakers in New York have announced it was to become the largest US state yet to ban smartphones in schools, joining locations such as Alabama, Arkansas, Nebraska, North Dakota, Oklahoma and West Virginia which have all passed legislation requiring schools to have policies that at least limit access to smartphones.

Overall, previous studies into screen time, social media and smartphone access and various mental health outcomes have shown negative effects, but also mixed, often conflicting results -- making it hard for policymakers, schools, and families to navigate this issue. Possibly this may have to do with the use of screeners that miss the critical associated symptoms.

For this new analysis, the team at Sapien drew data from their Global Mind Project, and then used the Mind Health Quotient (MHQ) -- a self-assessment tool that measures social, emotional, cognitive, and physical wellbeing -- to generate an overall 'mind health' score.

Their results showed:

* The specific symptoms most strongly linked with earlier smartphone ownership include suicidal thoughts, aggression, detachment from reality, and hallucinations.




* Young adults who received their first smartphone before age 13 had lower MHQ scores, with scores progressively declining the younger the age of first ownership. For example, those who owned a smartphone at age 13 scored an average of 30, dropping to just 1 for those who had one at age five.

* Correspondingly, the percentage considered distressed or struggling (with scores indicating they had five or more severe symptoms) rose by 9.5% for females and 7% for males. This pattern was consistent across all regions, cultures and languages, pointing to a critical window of heightened vulnerability.

* That younger ownership is also associated with diminished self-image, self-worth and confidence, and emotional resilience among females, and lower stability and calmness, self-worth and empathy among males.

Further analysis indicated that early access to social media explains about 40% of the association between earlier childhood smartphone ownership and later mind health, with poor family relationships (13%), cyberbullying (10%) and disrupted sleep (12%) also playing significant downstream roles.

The researchers acknowledge the COVID-19 pandemic may have magnified these patterns, but the consistency of these trends across all global regions suggests a broader developmental impact of early smartphone access.

While current evidence does not yet prove direct causation between early smartphone ownership and later mind health and wellbeing, a limitation of the paper, the authors argue that the scale of the potential harm is too great to ignore and justifies a precautionary response.

They recommend four key areas for policymakers to address:

* A requirement of mandatory education on digital literacy and mental health.

* To strengthen the active identification of social media age violations and ensure meaningful consequences for technology companies.

* Restricting access to social media platforms.

* Implementing graduated access restrictions for smartphones.

"Altogether, these policy recommendations aim to safeguard mind health during critical developmental windows," states Dr Thiagarajan, whose research specialism focuses on the impact of environment on the brain and mind, with an interest in understanding and enabling the productive evolution of the human mind and human systems.

"Their implementation requires substantial political and societal will, effective enforcement, and a multi-stakeholder approach, but successful precedents do exist. For example, in the United States, underage alcohol access and consumption is regulated through a combination of parental, commercial, and corporate accountability."

Concluding she states: "Our evidence suggests childhood smartphone ownership, an early gateway into AI-powered digital environments, is profoundly diminishing mind health and wellbeing in adulthood with deep consequences for individual agency and societal flourishing.

"I was initially surprised by how strong the results are. However when you give it due consideration, it does begin to make sense that the younger developing mind is more compromised by the online environment given their vulnerability and lack of worldly experience.

"That said, I think it is also important to point out that smartphones and social media are not the only assault to mental health and crisis facing younger adults. It explains some of the overall decline but not all of it. "Now, while more research is needed to unravel the causal mechanisms, waiting for irrefutable proof in the face of these population-level findings unfortunately risks missing the window for timely, preventative action."

This paper is part of a special cohesive set, entitled 'The Policy Forum', in the upcoming publication of Journal of Human Development and Capabilities.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/09/250906013448.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Sweeteners in diet drinks may steal years from the brain | ScienceDaily
    	The study followed 12,772 adults with an average age of 52
    	Researchers tracked seven artificial sweeteners typically found in ultra-processed foods like flavored water, soda, energy drinks, yogurt and low-calorie desserts
    	People who consumed the highest total amounts of these sweeteners had faster decline in overall thinking and memory skills compared to people who consumed the lowest amounts
    	The faster decline equaled about 1.6 years of aging
    	Researchers found a link in people under 60 but not older than 60
    	While the study found links, it does not prove that sweeteners cause cognitive decline

Some sugar substitutes may come with unexpected consequences for long-term brain health, according to a study published in the September 3, 2025, issueofNeurology(r), the medical journal of the American Academy of Neurology. The study examined seven low- and no-calorie sweeteners and found that people who consumed the highest amounts experienced faster declines in thinking and memory skills compared to those who consumed the lowest amounts. The link was even stronger in people with diabetes. While the study showed a link between the use of some artificial sweeteners and cognitive decline, it did not prove that they were a cause.

The artificial sweeteners examined in the study were aspartame, saccharin, acesulfame-K, erythritol, xylitol, sorbitol and tagatose. These are mainly found in ultra-processed foods like flavored water, soda, energy drinks, yogurt and low-calorie desserts. Some are also used as a standalone sweetener.

"Low- and no-calorie sweeteners are often seen as a healthy alternative to sugar, however our findings suggest certain sweeteners may have negative effects on brain health over time," said study author Claudia Kimie Suemoto, MD, PhD, of the University of Sao Paulo in Brazil.

The study included 12,772 adults from across Brazil. The average age was 52, and participants were followed for an average of eight years.

Participants completed questionnaires about diet at the start of the study, detailing what they ate and drank over the past year. Researchers divided them into three groups based on the total amount of artificial sweeteners they consumed. The lowest group consumed an average of 20 milligrams per day (mg/day) and the highest group consumed an average of 191 mg/day. For aspartame, this amount is equivalent to one can of diet soda. Sorbitol had the highest consumption, with an average of 64 mg/day.

Participants were given cognitive tests at the start, middle and end of the study to track memory, language and thinking skills over time. The tests assessed areas such as verbal fluency, working memory, word recall and processing speed.




After adjusting for factors such as age, sex, high blood pressure and cardiovascular disease, researchers found people who consumed the highest amount of sweeteners showed faster declines in overall thinking and memory skills than those who consumed the lowest amount, with a decline that was 62% faster. This is the equivalent of about 1.6 years of aging. Those in the middle group had a decline that was 35% faster than the lowest group, equivalent to about 1.3 years of aging.

When researchers broke the results down by age, they found that people under the age of 60 who consumed the highest amounts of sweeteners showed faster declines in verbal fluency and overall cognition when compared to those who consumed the lowest amounts. They did not find links in people over 60. They also found that the link to faster cognitive decline was stronger in participants with diabetes than in those without diabetes.

When looking at individual sweeteners, consuming aspartame, saccharin, acesulfame-k, erythritol, sorbitol and xylitol was associated with a faster decline in overall cognition, particularly in memory.

They found no link between the consumption of tagatose and cognitive decline.

"While we found links to cognitive decline for middle-aged people both with and without diabetes, people with diabetes are more likely to use artificial sweeteners as sugar substitutes," Suemoto said. "More research is needed to confirm our findings and to investigate if other refined sugar alternatives, such as applesauce, honey, maple syrup or coconut sugar, may be effective alternatives."

A limitation of the study was that not all artificial sweeteners were included. Also, diet information was reported by the participants, who may not have remembered accurately everything they ate.

The study was supported by the Brazilian Ministry of Health, the Ministry of Science, Technology, and Innovation, and the National Council for Scientific and Technological Development.
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Scientists watch Parkinson's protein drill holes in brain cells | ScienceDaily
A toxic protein forms dynamic pores in the membranes of brain cells - and that may be the key to understanding how Parkinson's disease develops. This is the conclusion of a new study from Aarhus University, where researchers have developed an advanced method to track molecular attacks in real time.


						
Parkinson's disease often begins subtly. A slight tremor in the hand. A bit of stiffness. But over time, brain cells begin to die, and the symptoms worsen. The cause has long remained a mystery - but scientists may now be a step closer to an explanation.

At the center of attention is the protein a-synuclein, which plays a role in cell-to-cell communication in the healthy brain. In Parkinson's, however, it starts to behave abnormally and clumps into toxic structures.

Until now, most research has focused on the large aggregates known as fibrils, which are visible in brain tissue from patients with Parkinson's. But a new study focuses on smaller, less understood, and more toxic structures: a-synuclein oligomers. According to the researchers, these are the ones that drill microscopic holes in the membranes of nerve cells.

The study was recently published in the prestigious journal ACS Nano, published by the American Chemical Society.

Tiny revolving doors in the cells

"We are the first to directly observe how these oligomers form pores - and how the pores behave," says Mette Galsgaard Malle, postdoctoral researcher at both Aarhus University and Harvard University.




The process unfolds in three steps. First, the oligomers attach to the membrane, especially at curved regions. Then they partially insert themselves into the membrane. Finally, they form a pore that allows molecules to pass through and potentially disrupt the cell's internal balance.

But these are not static holes. The pores constantly open and close like tiny revolving doors.

"This dynamic behavior may help explain why the cells don't die immediately," says Bo Volf Brochner, PhD student and first author of the study. "If the pores remained open, the cells would likely collapse very quickly. But because they open and close, the cell's own pumps might be able to temporarily compensate."

Molecular movie in slow motion

This is the first time such pore dynamics have been observed in real time. It was made possible by a newly developed single-vesicle analysis platform that allows researchers to follow interactions between individual proteins and individual vesicles.

Vesicles are small artificial bubbles that mimic cell membranes and serve as simplified models of real cells.




"It's like watching a molecular movie in slow motion," explains Mette Galsgaard Malle. "Not only can we see what happens - we can also test how different molecules affect the process. That makes the platform a valuable tool for drug screening."

Long road to treatment

In fact, the team has already tested nanobodies - small antibody fragments - developed to specifically bind these oligomers. They show promise as highly selective diagnostic tools. However, as a treatment, there is still some way to go.

"The nanobodies did not block the pore formation," says Bo Volf Brochner. "But they may still help detect oligomers at very early stages of the disease. That's crucial, since Parkinson's is typically diagnosed only after significant neuronal damage has occurred."

The study also shows that the pores are not formed randomly. They tend to emerge in specific membrane types - especially those resembling the membranes of mitochondria, the cell's energy factories. This could indicate that the damage begins there.

One step at a time

However, the researchers emphasise that the study was conducted in model systems - not in living cells. The next step will be to replicate the findings in biological tissue, where more complex factors come into play.

"We created a clean experimental setup where we can measure one thing at a time. That's the strength of this platform," says Mette Galsgaard Malle. "But now we need to take the next step and investigate what happens in more complex biological systems."
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Scientists reveal how breakfast timing may predict how long you live | ScienceDaily
As we age, what and how much we eat tends to change. However, how meal timing relates to our health remains less understood. Researchers at Mass General Brigham and their collaborators studied changes to meal timing in older adults and discovered people experience gradual shifts in when they eat meals as they age. They also found characteristics that may contribute to meal timing shifts and revealed specific trajectories linked to an earlier death. The results are published in Communications Medicine.


						
"Our research suggests that changes in when older adults eat, especially the timing of breakfast, could serve as an easy-to-monitor marker of their overall health status. Patients and clinicians can possibly use shifts in mealtime routines as an early warning sign to look into underlying physical and mental health issues," said lead author Hassan Dashti, PhD, RD, a nutrition scientist and circadian biologist at Massachusetts General Hospital, a founding member of the Mass General Brigham healthcare system. "Also, encouraging older adults in having consistent meal schedules could become part of broader strategies to promoting healthy aging and longevity."

Dashti and his colleagues -- including senior author Altug Didikoglu, MSc, PhD, of the Izmir Institute of Technology in Turkey -- examined key aspects of meal timing that are significant for aging populations to determine whether certain patterns might signal, or even influence, health outcomes later in life. The research team analyzed data, including blood samples, from 2,945 community-dwelling adults in the UK aged 42-94 years old who were followed for more than 20 years. They found that as older adults age, they tend to eat breakfast and dinner at later times, while also narrowing the overall time window in which they eat each day.

Later breakfast time was consistently associated with having physical and mental health conditions such as depression, fatigue and oral health problems. Difficulty with meal preparation and worse sleep were also linked with later mealtimes. Notably, later breakfast timing was associated with an increased risk of death during follow-up. Individuals genetically predisposed to characteristics associated with being a "night owl" (preferring later sleep and wake times) tended to eat meals at later times.

"Up until now, we had a limited insight into how the timing of meals evolves later in life and how this shift relates to overall health and longevity," said Dashti. "Our findings help fill that gap by showing that later meal timing, especially delayed breakfast, is tied to both health challenges and increased mortality risk in older adults. These results add new meaning to the saying that 'breakfast is the most important meal of the day,' especially for older individuals."

Dashti noted that this has important implications as time-restricted eating and intermittent fasting gain popularity, where the health impacts of shifting meal schedules may differ significantly in aging populations from those in younger adults.

Authorship: In addition to Dashti, Mass General Brigham authors include Chloe Liu, Hao Deng and Anushka Sharma.

Funding: This study was supported by the National Institute of Health (R00HL153795).
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A 3-minute brainwave test could spot Alzheimer's years before symptoms | ScienceDaily
A simple brainwave test developed at the University of Bath has been shown to detect signs of memory impairment linked to Alzheimer's disease years before clinical diagnosis is typically possible.


						
Published in the journal Brain Communications the study by academics from the University of Bath and the University of Bristol, reports that Fastball EEG, a three-minute passive test that records electrical activity in the brain while participants view a stream of images, can reliably identify memory problems in people with Mild Cognitive Impairment (MCI) -- a condition that can lead to Alzheimer's. This follows the group's previous study in 2021 that demonstrated Fastball was sensitive to memory impairment in Alzheimer's disease.

Crucially, the research team has demonstrated for the first time that the test can be administered in people's homes, outside of a clinical environment. Researchers say this opens the door to wider screening and monitoring using accessible, low-cost technology.

With the development of the breakthrough Alzheimer's drugs, donanemab and lecanemab, an early diagnosis is more important than ever before. The drugs are clinically proven to be the most effective in the early stages of Alzheimer's. Despite this, in England, it is estimated that as many as 1 in 3 people do not currently have a dementia diagnosis, delaying treatments, support and research opportunities to tackle the condition.

The study was led by Dr George Stothart, a cognitive neuroscientist in the Department of Psychology at the University of Bath. He said:

"We're missing the first 10 to 20 years of Alzheimer's with current diagnostic tools. Fastball offers a way to change that -- detecting memory decline far earlier and more objectively, using a quick and passive test."

How the test works

Fastball is a passive EEG test that monitors the brain's automatic responses to images -- without requiring participants to follow instructions or recall information. This makes it more objective and accessible than traditional memory tests.




Key findings:
    	Detected early memory issues in people with MCI likely to develop Alzheimer's.
    	Delivered reliable results in real-world home settings.
    	Showed reduced memory responses even in patients who later progressed to dementia.

Researchers say Fastball could be scaled for use in GP surgeries, memory clinics, or at home -- helping deliver earlier, more accurate diagnoses.

Dr Stothart added: "There's an urgent need for accurate, practical tools to diagnose Alzheimer's at scale. Fastball is cheap, portable, and works in real-world settings."

The study was funded by the Academy of Medical Sciences and supported by dementia research charity BRACE.

Chris Wiliams, CEO of BRACE Dementia Research, said: "Fastball is an incredible tool that could offer anyone who, for whatever reason, cannot access a dementia diagnosis in a clinical setting.

BRACE has been supporting the development of Fastball for several years, and we are excited to see what Dr Stothart's team will achieve over the next few years with ongoing support from the charity."
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Metformin's mysterious metal effect could explain its big health benefits | ScienceDaily
The widely used diabetes drug metformin changes blood metal levels in humans. The Kobe University study is an important step in understanding the drug's many actions and designing better ones in the future.


						
Metformin is the most widely prescribed diabetes drug in the world. Apart from lowering blood sugar levels, it is also known to have a broad range of beneficial side effects such as against tumors, inflammations and atherosclerosis. However, although it has been used for more than 60 years now, its mechanism of action is still not clear, hampering the development of even better drugs against these conditions.

Kobe University endocrinologist Wataru Ogawa says: "It is known that diabetes patients experience changes in the blood levels of metals such as copper, iron and zinc. In addition, chemical studies found that metformin has the ability to bind certain metals, such as copper, and recent studies showed that it is this binding ability that might be responsible for some of the drug's beneficial effects. So, we wanted to know whether metformin actually affects blood metal levels in humans, which had not been clarified." To do so, Ogawa and his team enlisted about 200 diabetes patients at Kobe University Hospital, half of which took metformin and half of which did not, in a study to analyze their blood serum levels for those metals and various metal deficiency indicators.

In the journal BMJ Open Diabetes Research & Care, the Kobe University team now published the first clinical evidence of altered blood metal levels in patients taking metformin. They showed that drug-taking patients have significantly lower copper and iron levels and heightened zinc levels. Ogawa says: "It is significant that we could show this in humans. Furthermore, since decreases in copper and iron concentrations and an increase in zinc concentration are all considered to be associated with improved glucose tolerance and prevention of complications, these changes may indeed be related to metformin's action."

Recently, Japan has approved the use of imeglimin, a new diabetes drug that is a derivative of metformin but that should not be able to bind metals the same way as its parent. "Imeglimin is thought to have a different method of action, and we are already conducting studies to compare the effects the two drugs have," says Ogawa.

It is not just about understanding the current drugs, however. Ogawa explains the bigger picture, saying: "We need both clinical trials and animal experiments to pinpoint the causal relationship between the drug's action and its effects. If such studies progress further, they may lead to the development of new drugs for diabetes and its complications by properly adjusting the metal concentrations in the body."

This research was funded by the Japan Society for the Promotion of Science (grant 24H00638) and the Manpei Suzuki Diabetes Foundation. It was conducted in collaboration with a researcher from the Kagayaki Diabetes and Endocrinology Clinic Sannomiya.
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Overworked neurons burn out and fuel Parkinson's disease | ScienceDaily
Certain brain cells are responsible for coordinating smooth, controlled movements of the body. But when those cells are constantly overactivated for weeks on end, they degenerate and ultimately die. This new observation made by scientists at Gladstone Institutes may help explain what goes awry in the brains of people with Parkinson's disease.


						
Researchers have long known that a particular subset of neurons die as Parkinson's disease progresses, but they aren't sure why. The new work, published in the scientific journal eLife, shows that in mice, chronic activation of these neurons can directly cause their demise. The scientists hypothesize that in Parkinson's, neuron overactivation could be triggered by a combination of genetic factors, environmental toxins, and the need to compensate for other neurons that are lost.

"An overarching question in the Parkinson's research field has been why the cells that are most vulnerable to the disease die," says Gladstone Investigator Ken Nakamura, MD, PhD, who led the study. "Answering that question could help us understand why the disease occurs and point toward new ways to treat it."

Too Much Buzz

More than 8 million people worldwide are living with Parkinson's disease, a degenerative brain disease that causes tremors, slowed movement, stiff muscles, and problems walking and balancing.

Scientists know that a set of neurons that produce dopamine and support voluntary movements die in people with Parkinson's. Many lines of evidence also suggest that the activity of these cells actually increases with disease, both before and after degeneration begins. But whether this change in activity can directly cause cell death is poorly understood.

In the new study, Nakamura and his colleagues tackled this question by introducing a receptor specifically into dopamine neurons in mice that allowed them to increase the cells' activity by treating the animals with a drug, clozapin-N-oxide (CNO). Uniquely, the scientists added CNO to the animals' drinking water, driving chronic activation of the neurons.




"In previous work, we and others have transiently activated these cells with injections of CNO or by other means, but that only led to short bursts of activation," says Katerina Rademacher, a graduate student in Nakamura's lab and first author of the study. "By delivering CNO through drinking water, we get a relatively continuous activation of the cells, and we think that's important in modeling what happens in people with Parkinson's disease."

Within a few days of overactivating dopamine neurons, the animals' typical cycle of daytime and nighttime activities became disrupted. After one week, the researchers could detect degeneration of the long projections (called axons) extending from some dopamine neurons. By one month, the neurons were beginning to die.

Importantly, the changes mostly affected one subset of dopamine neurons -- those found in the region of the brain known as the substantia nigra, which is responsible for movement control -- while sparing dopamine neurons in brain regions responsible for motivation and emotions. This is the same pattern of cellular degeneration seen in people with Parkinson's disease.

A Link to Human Disease

To gain insight into why overactivation leads to neuronal degeneration, the researchers studied the molecular changes that occurred in the dopamine neurons before and after the overactivation. They showed that overactivation of the neurons led to changes in calcium levels and in the expression of genes related to dopamine metabolism.

"In response to chronic activation, we think the neurons may try to avoid excessive dopamine -- which can be toxic -- by decreasing the amount of dopamine they produce," Rademacher explains. "Over time, the neurons die, eventually leading to insufficient dopamine levels in the brain areas that support movement."

When the researchers measured the levels of genes in brain samples from patients with early-stage Parkinson's, they found similar changes; genes related to dopamine metabolism, calcium regulation, and healthy stress responses were turned down.

The research did not reveal why activity of the dopamine neurons might increase with Parkinson's disease, but Nakamura hypothesizes that there could be multiple causes, including genetic and environmental factors. The overactivity could also be part of a vicious cycle initiated early in disease. As dopamine neurons become overactive, they gradually shut down dopamine production, which worsens movement problems. Remaining neurons work even harder to compensate, ultimately leading to cell exhaustion and death.

"If that's the case, it raises the exciting possibility that adjusting the activity patterns of vulnerable neurons with drugs or deep brain stimulation could help protect them and slow disease progression," Nakamura says.
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Hidden viruses in our DNA could be medicine's next big breakthrough | ScienceDaily
You are mostly but not entirely human. If we crunch the numbers, 8 percent of your genome actually comes from viruses that got stranded there. This viral detritus is a souvenir from our evolutionary past, a reminder that viruses have been with us from the very beginning.


						
Usually, this 8 percent of your DNA -- the viral bits -- are kept silent. Scientists call it part of the "dark matter" in your genome.

Now scientists at La Jolla Institute for Immunology (LJI) have published a first look at a key viral protein. In a study published in Science Advances, LJI researchers revealed the first three-dimensional structure of a protein from one of these ancient "human endogenous retroviruses (HERVs)."

The team mapped the surface envelope glycoprotein (Env), the antibody target of the most active HERV, marking a milestone in structural biology. "This is the first human HERV protein structure ever solved -- and only the third retroviral envelope structure solved overall, after human immunodeficiency virus (HIV) and simian immunodeficiency virus (SIV)," says Erica Ollmann Saphire, Ph.D., MBA, LJI President, CEO, and Professor.

This discovery opens the door to new strategies for diagnosing and treating disease. Back in the evolutionary past, HERV-K Env proteins studded the outside of the HERV-K retroviruses. But in modern humans, HERV-K Env proteins show up on the surface of certain tumor cells and in patients with autoimmune and neurodegenerative diseases, making them a valuable target for developing novel diagnostics and therapies.

"In many disease states, like autoimmune diseases and cancer, these genes re-awaken and start making pieces of these viruses," says Saphire. "Understanding the HERV-K Env structure, and the antibodies we now have, opens up diagnostic and treatment opportunities."

An unexpected "twist"

Until now, HERV proteins had been invisible. They've proven too mobile -- and too twitchy -- to be seen with even the most sophisticated imaging techniques. Solving the structure of HERV-K Env was especially challenging because the LJI team needed to capture the protein's delicate "pre-fusion" state.




Envelope proteins are full of potential energy -- they're essentially spring-loaded to merge with a host cell to start the infection process. This means pre-fusion proteins are prone to spontaneous switching to their later, post-fusion state. "You can look at them funny, and they'll unfold," says LJI Postdoctoral Fellow Jeremy Shek, who spearheaded the study as co-first author with LJI Postdoctoral Fellow Chen Sun, Ph.D.

To study the three-dimensional structure of HERV-K Env, the researchers introduced small substitutions to lock the protein's structure in place, while preserving its natural shape. Saphire and her team have used this approach before to reveal the structures of key proteins on Ebola virus, Lassa virus, and more. The researchers also discovered and characterized specific antibodies that helped anchor different versions of the viral proteins.

After stabilizing their HERV-K Env structures, the LJI team used a high-resolution imaging technique called cryo-electron microscopy to capture 3D images of HERV-K Env at three key moments: cell surface, in the act of driving infection, and when it locks together with antibodies.

Many viral envelope glycoproteins have a trimer structure, but HERV-K Env is different from anything scientists had seen before, including trimers from other retroviruses. Unlike the shorter, squatter trimers made by HIV and SIV, the HERV-K Env is tall and lean. Further, the protein's fold -- the weaving together of strands and coils that build the working machine -- is unlike any other retrovirus.

A new path for clinical research

The new LJI study opens the door to using HERV-K Env to our advantage. Understanding the HERV-K Env structure, and how antibodies target it, may prove useful for developing diagnostic tools or new therapeutics.




For example, many types of cancer cells -- from breast cancers to ovarian cancers -- but not healthy cells, are dotted with HERV-K Env proteins. This means antibodies against HERV could distinguish cancer cells from healthy cells. As Sun explains, scientists could develop cancer immunotherapies that zero in on HERV-K Env to track down tumor cells. "We can use it as a strategy to specifically target cancer cells," says Sun.

People with autoimmune diseases such as lupus or rheumatoid arthritis also express HERV-K Env on their cells. Some scientists suspect that patients' immune cells see these strange proteins and think the body is under attack. Just like during a normal viral infection, their B cells start making antibodies against HERV-K Env proteins.

"Understanding how antibodies recognize these proteins was challenging because there was no structure and precious few good antibodies yet available," says Saphire.

So the LJI team made their own panel of antibodies to reveal how the immune system can target the different subunits of the molecule in all its different shapes. Once scientists understand how these antibody attacks work, they can try to intervene and stop harmful inflammation.

The scientists also tested the idea that their antibodies may also be useful tools for diagnosing many autoimmune diseases. They used the antibodies to try and hunt down immune cells in samples from patients with rheumatoid arthritis and lupus. When Saphire and her colleagues tagged these antibodies with a molecular flag, they were able to quickly detect HERV-K Env on neutrophils, a type of immune cell that can cause inflammation.

"These antibodies marked aberrant HERV display on neutrophils from rheumatoid arthritis and lupus patients, but not healthy controls," says Saphire.

The interest in HERVs is quickly growing, and scientists are finding more and more diseases where HERV-K Env crops up. "We can really pick whatever disease we're interested in and go down that route," says Shek.

These projects may someday advance clinical care -- and our fundamental understanding of human biology. After all, we're all part virus. It's time to get to know that part of ourselves.

Additional authors of the study, "Human endogenous retrovirus K (HERV-K) envelope structures in pre- and postfusion by cryo-EM," were Elise M. Wilson, Fatemeh Moadab, Kathryn M. Hastie, Roshan R. Rajamanickam, Patrick J. Penalosa, Stephanie S. Harkins, Diptiben Parekh, Chitra Hariharan, Dawid S. Zyla, Cassandra Yu, Kelly C.L. Shaffer, Victoria I. Lewis, Ruben Diaz Avalos, and Tomas Mustelin,

This study was supported by a Curebound Discovery Grant (13502-01-000-408) and by LJI & Kyowa Kirin, Inc. (KKNA-Kyowa Kirin North America; and a Kirin North America Accelerator Grant [18030-01-000-408]).
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Scientists discover how to wipe out breast cancer's hidden cells | ScienceDaily
A first-of-its-kind, federally funded clinical trial has shown it's possible to identify breast cancer survivors who are at higher risk of their cancer coming back due to the presence of dormant cancer cells and to effectively treat these cells with repurposed, existing drugs. The research, led by scientists from the Abramson Cancer Center of the University of Pennsylvania and Penn's Perelman School of Medicine was published today in Nature Medicine.


						
While breast cancer survival continues to improve, thanks to advances in detection and treatment, when breast cancer relapses -- or returns after initial treatment -- it is still incurable. For the 30 percent of women and men who do relapse, the only option is continuous and indefinite treatment which cannot eliminate the cancer completely. Some breast cancers, like triple negative and HER2+, recur within a few years, and others like ER+ can recur decades later. Until now, there has not been a way to identify those breast cancer survivors who harbor the dormant cells that lead to recurrence in real time and to intervene with a treatment that can prevent incurable relapse.

In a randomized phase II clinical trial with 51 breast cancer survivors, existing drugs were able to clear dormant tumor cells from 80 percent of the study participants. The three-year survival rate without any disease recurrence was above 90 percent in patients who received one drug and 100 percent for patients who received both study drugs.

"The lingering fear of cancer returning is something that hangs over many breast cancer survivors after they celebrate the end of treatment," said principal investigator Angela DeMichele, MD, MSCE, FASCO, the Mariann T. and Robert J. MacDonald Professor in Breast Cancer Research. "Right now, we just don't know when or if someone's cancer will come back -- that's the problem we set out to solve. Our study shows that preventing recurrence by monitoring and targeting dormant tumor cells is a strategy that holds real promise, and I hope it ignites more research in this area."

Seizing a window of opportunity to wipe out cancer while it's sleeping 

The study builds on previous research that showed how dormant tumor cells continue to lay in wait in some patients after breast cancer treatment. These so-called "sleeper cells," also referred to as minimal residual disease (MRD), can reactivate years or even decades later. Because they are not "active" cancer cells and can be scattered throughout the body, they do not show up on standard imaging tests that are used to watch for breast cancer recurrence.

Once the sleeper cells begin to expand and circulate in the bloodstream, it can lead to the spread of metastatic breast cancer. Patients who have MRD are more likely to experience breast cancer recurrence and have decreased overall survival.




Lewis Chodosh, MD, PhD, chair of Cancer Biology and senior author of the study, previously led research to identify the pathways that allow dormant tumor cells to survive in patients for decades.

"Our research shows that this sleeper phase represents an opportunity to intervene and eradicate the dormant tumor cells before they have the chance to come back as aggressive, metastatic disease," Chodosh said. "Surprisingly, we've found that certain drugs that don't work against actively growing cancers can be very effective against these sleeper cells. This tells us that the biology of dormant tumor cells is very different from active cancer cells."

In the preclinical part of the latest research publication, Chodosh's team conducted a series of experiments in mice to better understand the underlying mechanisms. They showed that two different drugs -- approved by the FDA to treat other conditions -- could effectively clear MRD in mice, resulting in longer survival without cancer recurrence. The drugs target autophagy and mTOR signaling, which the researchers found were key mechanisms to allow the tumor cells to remain dormant.

Translating science into original clinical trials 

DeMichele's team first enrolled breast cancer survivors who had completed treatment within the last five years and had clear scans into a screening study that looked for dormant tumor cells in participant's bone marrow.

If dormant tumor cells were found, patients were then eligible to enroll in the Phase II CLEVER clinical trial, which randomized patients to receive six cycles of either monotherapy with one of two study drugs, or combination therapy with both drugs. The treatment cleared dormant tumor cells in most patients after six to 12 months. After a median follow-up time of 42 months, only two patients on the study have experienced a cancer recurrence.

"We want to be able to give patients a better option than 'wait and see' after they complete breast cancer treatment," DeMichele said. "We're encouraged by these results that we're on the right track."

The team is already enrolling patients in two larger, ongoing studies to confirm and extend the results of the CLEVER study: the Phase II ABBY clinical trial and the Phase II PALAVY clinical trial, available at several cancer centers across the country. Patients interested in learning more about these or other breast cancer clinical trials at Penn Medicine should contact [email protected].

The research was made possible with funding from the National Cancer Institute (R01CA208273) and Department of Defense (BC160784), with additional support from the V Foundation, Breast Cancer Research Foundation, QVC "Shoes on Sale," Avon Foundation, Raynier Institute & Foundation, and generous philanthropic donations. DeMichele previously reported interim outcomes data from the study at the European Society for Medical Oncology (ESMO) Congress 2023.
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Why Alzheimer's attacks the brain's memory hub first | ScienceDaily
One of the first parts of the brain affected by Alzheimer's disease is the entorhinal cortex -- a region that plays a big role in memory, spatial navigation, and the brain's internal mapping system.


						
With support from the Commonwealth of Virginia's Alzheimer's and Related Diseases Research Award Fund (ARDRAF), Fralin Biomedical Research Institute at VTC scientists Sharon Swanger and Shannon Farris are working to understand why this area is especially vulnerable.

Swanger studies how brain cells communicate across synapses in disease-susceptible brain circuits, while Farris focuses on how different circuits in the brain's memory center function at the molecular level. Their overlapping expertise made the collaboration a natural fit.

"We've both been studying how circuits differ at the molecular level for a while," said Swanger, an assistant professor at the research institute. "This new collaborative project brings together my work on synapses and Shannon's on mitochondria in a way that addresses a big gap in the Alzheimer's disease field."

"This kind of state-level support is critical," Farris said. "It gives researchers in Virginia the chance to ask questions that may eventually make a difference for people living with Alzheimer's. It's meaningful to be part of research that could help people facing that journey."

A key focus of their research is mitochondria -- tiny structures inside brain cells that provide the energy needed for a variety of cellular functions in neurons including synaptic transmission. In Alzheimer's disease, mitochondria stop working properly in the course of the disease.

Farris and Swanger are investigating whether mitochondria in a vulnerable memory-related circuit may become overloaded with calcium, a key signaling chemical for multiple neuronal and synaptic processes. That overload could contribute to the early breakdown of memory circuits.

"The connection between these cells is one of the first to fail in Alzheimer's," Farris said. "We found that this synapse has unusually strong calcium signals in nearby mitochondria -- so strong we can see them clearly under a light microscope. Those kinds of signals are hard to ignore. It gives us a model where we can really watch what's happening as things start to go wrong."

To test their hypothesis, the researchers will study brain tissue from healthy mice and mice with certain aspects of Alzheimer's pathology. By comparing how mitochondria function and how brain cells communicate across synapses in each group, they hope to find early signs of stress or failure in the entorhinal cortex-hippocampus circuit.

Swanger and Farris are members of the Fralin Biomedical Research Institute's Center for Neurobiology Research and also faculty in the Department of Biomedical Sciences and Pathobiology of the Virginia-Maryland College of Veterinary Medicine.
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Study finds cannabis improves sleep where other drugs fail | ScienceDaily
Insomnia patients taking cannabis-based medical products reported better quality sleep after up to 18 months of treatment, according to a study published August 27 in the open-access journal PLOS Mental Health by Arushika Aggarwal from Imperial College London, U.K., and colleagues.


						
About one out of every three people has some trouble getting a good night's rest, and 10 percent of adults meet the criteria for an insomnia disorder. But current treatments can be difficult to obtain, and the drugs approved for insomnia run the risk of dependence. To understand how cannabis-based medical products might affect insomnia symptoms, the authors of this study analyzed a set of 124 insomnia patients taking medical cannabis products. They examined the patient's reports of their sleep quality, anxiety/depression, and quality of life changes between one and 18 months of treatment.

The patients reported improved sleep quality that lasted over the 18 months of treatment. They also showed significant improvements in anxiety/depression as well as reporting less pain. About nine percent of the patients reported adverse effects such as fatigue, insomnia, or dry mouth, but none of the side effects were life-threatening. While randomized controlled trials will be needed to prove that the products are safe and effective, the authors suggest that cannabis-based medical products could improve sleep quality in insomnia patients.

Co-author Dr. Simon Erridge, Research Director at Curaleaf Clinic, summarizes: "Over an 18-month period, our study showed that treatment for insomnia with cannabis-based medicinal products was associated with sustained improvements in subjective sleep quality and anxiety symptoms. These findings support the potential role of medical cannabis as a medical option where conventional treatments have proven ineffective, though further randomised trials are needed to confirm long-term efficacy."

He adds: "Conducting this long-term study provided valuable real-world evidence on patient outcomes that go beyond what we typically see in short-term trials. It was particularly interesting to observe signs of potential tolerance over time, which highlights the importance of continued monitoring and individualized treatment plans."
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Scientists reveal how breathwork unlocks psychedelic bliss in the brain | ScienceDaily
Breathwork while listening to music may induce a blissful state in practitioners, accompanied by changes in blood flow to emotion-processing brain regions, according to a study published August 27, 2025, in the open-access journal PLOS One by Amy Amla Kartar from the Colasanti Lab in the Department of Clinical Neuroscience at Brighton and Sussex Medical School, U.K., and colleagues. These changes occur even while the body's stress response may be activated and are associated with reporting reduced negative emotions.


						
The popularity of breathwork as a therapeutic tool for psychological distress is rapidly expanding. Breathwork practices that increase ventilatory rate or depth, accompanied by music, can lead to altered states of consciousness (ASCs) similar to those evoked by psychedelic substances. High ventilation breathwork (HVB) might offer a non-pharmacological alternative, with fewer legal and ethical restrictions to large-scale adoption in clinical treatment. However, the neurobiological mechanisms and subjective experience underlying ASCs induced by HVB have not been studied extensively.

To fill this knowledge gap, Kartar and colleagues characterized ASCs induced by HVB in experienced practitioners by analyzing self-reported data from 15 individuals who participated online, 8 individuals who participated in the lab, and 19 individuals who underwent magnetic resonance imaging. Their task consisted of a 20- to 30-minute session of cyclic breathing without pausing while listening to music, followed by a series of questionnaires within 30 minutes of finishing the breathwork session.

The results showed that the intensity of ASCs evoked by HVB was proportional to cardiovascular sympathetic activation, as indicated by a decrease in heart rate variability, indicating a potential stress response. In addition, HVB-evoked ASCs were associated with a profound decrease in blood flow to the left operculum and posterior insula - brain regions implicated in representing the internal state of the body, including breathing. Also, despite HVB causing large and global reductions in blood flow to the brain, there was a progressive increase in blood flow during the session to the right amygdala and anterior hippocampus, which are brain regions involved in the processing of emotional memories. These blood flow changes correlated with psychedelic experiences, demonstrating that these alterations may underlie the positive effects of this breathwork.

During all experimental sessions, participants reported a reduction in fear and negative emotions, with no adverse reactions. Across participants and experimental settings, HVB reliably enhanced ASCs dominated by Oceanic Boundlessness (OBN), which is a term coined by Freud in 1920 that describes a set of related feelings including spiritual experience, insightfulness, blissful state, positively experienced depersonalization, and the experience of unity. OBN is considered as a defining aspect of ASCs evoked by psychedelic substances, such as psilocybin.

According to the authors, their study was novel and exploratory and requires replication by future research including larger sample sizes and a control group to separate the effects of music on the brain. Despite these limitations, the findings provide a better understanding of HVB and direct research to investigate its therapeutic applications.

The authors add: "Our research is the first to use neuroimaging to map the neurophysiological changes that occur during breathwork. Our key findings include that breathwork can reliably evoke profound psychedelic states. We believe that these states are linked to changes in the function of specific brain regions involved in self-awareness, and fear and emotional memory processing. We found that more profound changes in blood flow in specific brain areas were linked to deeper sensations of unity, bliss, and emotional release, collectively known as "oceanic boundlessness."

Amy Kartar, lead author, adds: "Conducting this research was a fantastic experience. It was thrilling to explore such a novel area - while many people anecdotally recognize the health benefits of breathwork, this style of fast-paced breathing has received very little scientific attention. We are very grateful to our participants for making this work possible."

Dr. Alessandro Colasanti, P.I., adds: "Breathwork is a powerful yet natural tool for neuromodulation, working through the regulation of metabolism across the body and brain. It holds tremendous promise as a transformative therapeutic intervention for conditions that are often both distressing and disabling."
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The midlife crisis is over, but something worse took its place | ScienceDaily
A new survey-based study suggests that the "unhappiness hump" -- a widely documented rise in worry, stress, and depression with age that peaks in midlife and then declines -- may have disappeared, perhaps due to declining mental health among younger people. David Blanchflower of Dartmouth College, U.S., and colleagues present these findings in the open-access journal PLOS One on August 27, 2025.


						
Since 2008, a U-shaped trend in well-being with age, in which well-being tends to decline from childhood until around age 50 before rebounding in old age, has been observed in developed and developing countries worldwide. Data have also revealed a corresponding "ill-being" or unhappiness hump.

Recent data point to a worldwide decline in well-being among younger people, but most studies have not directly addressed potential implications for the unhappiness hump. To help clarify, Blanchflower and colleagues first analyzed data from U.S. and U.K. surveys that included questions about participants' mental health. U.S. data included responses from more than 10 million adults surveyed by the Centers for Disease Control and Prevention between 1993 and 2024. U.K. data spanned 2009 through 2023 and were collected in the ongoing U.K. Household Longitudinal Study, which involves 40,000 households.

The analysis showed that, in the U.S. and the U.K., the ill-being hump has disappeared, such that ill-being / unhappiness now tends to decline over the course of a lifetime. Ill-being among people in their late 40s and older did not change significantly. Instead, the hump's disappearance appears to be due to a decline in mental health among younger people.

Next, the researchers analyzed data on nearly 2 million people from 44 countries, including the U.S. and the U.K., from a mental health study called Global Minds. Covering the years 2020 through 2025, these data suggest the unhappiness hump has disappeared worldwide.

Reasons for the disappearance of the unhappiness hump are unclear. The authors suggest several possibilities, including long-term impacts of the Great Recession on job prospects for younger people, underfunded mental health care services, mental health challenges posed by the COVID-19 pandemic, and increased social media use. Further research is needed to determine whether any of these or other factors are at play.

The authors add: "Ours is the first paper to show that the decline in young people's mental health in recent years means that today, both in the United States and the United Kingdom, mental ill-being is highest among the young and declines with age. This is a huge change from the past when mental ill-being peaked in middle-age. The reasons for the change are disputed but our concern is that today there is a serious mental health crisis among the young that needs addressing."
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Powerful new painkiller ADRIANA shows promise in ending opioid dependence | ScienceDaily
Opioids like morphine are widely used in medical practice due to their powerful pain-relieving effects. However, they carry the risk of serious adverse effects such as respiratory depression and drug dependence. For this reason, Japan has strict regulations in place to ensure that these medications are prescribed only by authorized physicians.


						
In the United States, however, the opioid OxyContin was once prescribed frequently triggering a surge in the misuse of synthetic opioids such as fentanyl. As a result, the number of deaths caused by opioid overdose surpassed 80,000 in 2023, escalating into a national public health crisis now referred to as the "opioid crisis."

Opioids may soon have a rival, however. A team of researchers at Kyoto University has recently discovered a novel analgesic, or pain reliever, which exerts its effect through an entirely different mechanism. Clinical development of their drug ADRIANA is currently underway as part of an international collaborative effort.

"If successfully commercialized, ADRIANA would offer a new pain management option that does not rely on opioids, contributing significantly to the reduction of opioid use in clinical settings," says corresponding author Masatoshi Hagiwara, a specially-appointed professor at Kyoto University.

The research team was first inspired by substances that mimic noradrenaline, which is released in life-threatening situations andactivates a2A-adrenoceptors to suppress pain. However, these pose a high risk of cardiovascular instability. After observing noradrenaline levels and a2B-adrenoceptors, the team hypothesized that selectively blocking a2B-adrenoceptors could elevate noradrenaline levels, leading to activation of a2A-adrenoceptors and resulting in pain relief without causing cardiovascular instability.

To identify selective inhibitors of a2B-adrenoceptors and measure the activity of individual a2-adrenoceptor subtypes, the researchers employed a novel technology known as the TGFa shedding assay and conducted compound screening leading to their discovery of the world's first selective a2B-adrenoceptor antagonist.

After success in administering the compound to mice and conducting non-clinical studies to assess its safety, physician-led clinical trials were conducted at Kyoto University Hospital. Both the Phase I trial in healthy volunteers and the Phase II trial in patients with postoperative pain following lung cancer surgery yielded highly promising results.

Building on these outcomes, preparations are now underway for a large-scale Phase II clinical trial in the United States, in collaboration with BTB Therapeutics, Inc, a Kyoto University-originated venture company.

As Japan's first non-opioid analgesic, ADRIANA has the potential not only to relieve severe pain for patients worldwide but could also play a meaningful role in addressing the opioid crisis -- a pressing social issue in the United States -- and thus contribute to international public health efforts.

"We aim to evaluate the analgesic effects of ADRIANA across various types of pain and ultimately make this treatment accessible to a broader population of patients suffering from chronic pain," says Hagiwara.
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Stronger weed, higher risk? Potent THC linked to psychosis and addiction | ScienceDaily
A systematic review analyzed associations of high-concentration delta-9-tetrahydrocannabinol (THC) cannabis products with mental health outcomes. The review found that high-concentration THC products are associated with unfavorable mental health outcomes, particularly for psychosis or schizophrenia and cannabis use disorder (CUD). However, there are limitations to currently available evidence and the researchers call for studies with improved designs to provide more accurate guidance for clinicians and the public. The review is published in Annals of Internal Medicine.


						
Researchers from University of Colorado Anschutz Medical Campus and colleagues analyzed 99 studies comprising 221,097 participants completed between 1977 and 2023. Study selection was intentionally broad and included studies examining associations between high-concentration cannabis products and mental health outcomes regardless of whether the study had the purpose of evaluating therapeutic effects.

High-concentration cannabis products were defined as having THC concentration exceeding 5 mg THC or 10% THC per serving or products described as "high-potency concentrate," "shatter," or "dab." The mental health outcomes of interest included anxiety, depression, psychosis, schizophrenia, CUD and other substance use disorders. The researchers defined acute effects (within 12 hours), post-acute effects (after consistent use for 1 to 2 months), and long-term effects (after consistent use for > 1 year).

In studies not testing for therapeutic effects, high concentration THC products were associated with psychosis, schizophrenia, and cannabis use disorder. No therapeutic studies found favorable effects on psychosis or schizophrenia. Of non-therapeutic studies, 53% identified unfavorable associations with anxiety and 41% found unfavorable associations with depression. Among therapeutic studies, some suggested beneficial effects for anxiety (47%) and depression (48%), while others suggested unfavorable effects (24% for anxiety and 30% for depression).

The findings reinforce previous conclusions that higher THC concentrations increase the risk for adverse mental health outcomes; however, they fall short of providing the definitive evidence needed to provide clear advice to patients.
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The next Ozempic: A 4-in-1 breakthrough for lasting weight loss | ScienceDaily
Weight loss drugs like Ozempic and Wegovy are used by over 15 million adults in the U.S., or 4.5% of the population. Despite their effectiveness, they have drawbacks. Their effect may not last after discontinuing use, and side effects including osteoporosis and muscle loss have raised concerns about long-term harms. They also induce nausea, which can make it difficult to stay the course of treatment.


						
Now Tufts researchers led by Krishna Kumar, Robinson Professor of Chemistry, have designed a new, next-generation compound with hopes that it could be more effective with fewer side effects, which they report in a paper in the Journal of the American Chemical Society.

While weight loss drugs currently on the market and in development target one, two, or even three hormone receptors related to glucose metabolism and the desire to eat, the Tufts team has identified a fourth target that could potentially further enhance the control strategy.

"Obesity is linked to over 180 different disease conditions, including cancer, cardiovascular disease, osteoarthritis, liver disease, and type 2 diabetes, and affects over 650 million people worldwide," said Kumar. "What drives us is the idea that we can design a single drug to treat obesity and simultaneously mitigate the risk of developing a long list of health problems plaguing society."

How the Drugs Work

After we eat a meal, our gut and brain trigger a hormonal "fuel gauge" that regulates levels of glucose and tells us when we have had enough to eat.

The hormone glucagon-like peptide 1 (GLP-1) is released to help stimulate the production of insulin and the uptake of glucose in muscle and other tissues. With the cells now loaded with fuel, the level of glucose in the blood returns to normal. Ozempic uses GLP-1 with slight modifications to increase its availability in the bloodstream. Its success in controlling blood glucose has prompted the American Diabetes Association to recommend it and other GLP-1-based drugs as the new first line injectable treatments for diabetes, ahead of insulin.




But GLP-1 also acts directly on the brain, making us feel full after having a meal, and it slows down the rate that the stomach contents are emptied into the intestines, creating a more evenly paced release of nutrients and glucose into the bloodstream. That's why it has also become extremely popular as a weight loss treatment.

It's still not a perfect drug strategy for weight loss, though. "The biggest problem with GLP-1 drugs is that they have to be injected once a week, and they can induce a very strong feeling of nausea," said Kumar. "As much as 40% of people using these drugs give up after the first month."

A second hormone released after eating is glucose-dependent insulinotropic peptide (GIP). It also makes us feel full after a meal. GIP looks a lot like GLP-1, so rather than administer two drugs, researchers created one peptide that incorporates structural elements of both -- what's called in drug development a chimera. That drug, called Mounjaro or Zepbound (the brand names for tirzepatide), has the added benefit of significantly reducing nausea. As a more tolerable treatment, it may overtake Ozempic in the weight loss market.

"And then there is a third hormone, glucagon," said Kumar. "Paradoxically, it actually increases blood glucose, but at the same time increases the expenditure of energy in cells of the body, raises body temperature, and suppresses appetite." By adding glucagon to the mix, GLP-1 and GIP end up neutralizing its glucose-enhancing effect, leaving the remaining functionalities of all three hormones working together to enhance weight loss.

Glucagon is also similar in structure to GLP-1 and GIP, so drug developers created a single chimera peptide that incorporates elements of all three hormones, which can be recognized by their three separate receptors. That drug, called retatrudide, is currently in clinical trials that indicate even greater achievable weight loss (up to 24%) compared to the original GLP-1 drugs (6-15%).

Going for the Weight Loss Gold Standard with a Fourth Target

"The goal that people are trying to shoot for is bariatric surgery," said Kumar. That's a surgical procedure significantly reducing the size of the stomach, which can achieve long-lasting weight loss up to 30%. "For individuals with persistent obesity and potential deadly associated conditions, it becomes a necessary but invasive treatment."




Current injectable weight loss drugs still fall short of that gold standard, so the Tufts chemists are focused on a drug redesign that could match the 30% weight loss outcome.

"There is one more hormone we wanted to bring in to complete a weight control quartet," said Tristan Dinsmore, a graduate student in the Kumar lab and the lead author of the study. "It's called peptide YY (PYY). This molecule is also secreted by the gut after we eat a meal, and its job is to reduce appetite and slow the process of emptying food from the stomach, but via different mechanisms than either GLP-1 or GIP. It may also be involved in directly 'burning off' fat."

PYY is from a separate and structurally unrelated class of hormones than the first three, so blending its structure into a chimeric peptide that also mimics GLP-1, GIP, and glucagon was not easy. Instead, the Tufts team was able to join two peptide segments end-to-end, creating a new 'tetra-functional' clinical candidate.

"One of the limitations of the current drugs is that individual variation, possibly including how people express target receptors or respond to their corresponding hormones, can lead to lesser than desired weight loss outcomes in many patients," said Martin Beinborn, visiting scholar in the Department of Chemistry. "By hitting four different hormone receptors at the same time, we hope to improve the chances of averaging out such variation toward the goal of achieving greater and more consistent overall effectiveness."

"A second issue is that patients tend to regain weight after discontinuing currently available GLP-1 related drugs," said Beinborn, who notes that lifestyle changes should ideally be a complement to medication treatment. This two-pronged approach will not only support reaching and keeping one's target weight, but may also help preserve bone and muscle mass.

"Recent studies indicate that weight rebound after drug discontinuation is delayed with the newer, more effective GLP-1 mimetics," he said. "Extending from this observation, one may speculate that multi-chimeras along the lines of the one we discovered could get us closer to the bariatric surgery standard of lasting weight loss."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/09/250901104645.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Your nose could detect Alzheimer's years before memory loss | ScienceDaily
A fading sense of smell can be one of the earliest signs of Alzheimer's disease even before cognitive impairments manifest. Research by scientists at DZNE and Ludwig-Maximilians-Universitat Munchen (LMU) sheds new light on this phenomenon, pointing to a significant role for the brain's immune response, which seems to fatally attack neuronal fibers crucial for the perception of odors. The study, published in the journal Nature Communications, is based on observations in mice and humans, including analysis of brain tissue and so-called PET scanning. These findings may help to devise ways for early diagnosis and, consequently, early treatment.


						
The researchers come to the conclusion that these olfactory dysfunctions arise because immune cells of the brain called "microglia" remove connections between two brain regions, namely the olfactory bulb and the locus coeruleus. The olfactory bulb, located in the forebrain, analyzes sensory information from the nose's scent receptors. The locus coeruleus, a region of the brainstem, influences this processing by means of long nerve fibers originating from neurons in the locus coeruleus and extending all the way to the olfactory bulb. "The locus coeruleus regulates a variety physiological mechanisms. These include, for example, cerebral blood flow, sleep-wake cycles, and sensory processing. The latter applies, in particular, also to the sense of smell," says Dr. Lars Paeger, a scientist at DZNE and LMU. "Our study suggests that in early Alzheimer's disease, changes occur in the nerve fibers linking the locus coeruleus to the olfactory bulb. These alterations signal to the microglia that affected fibers are defective or superfluous. Consequently, the microglia break them down."

Alterations in the membrane

Specifically, the team of Dr. Lars Paeger and Prof. Dr. Jochen Herms, who is a co-author of the current publication, found evidence of changes in the composition of the membranes of the affected nerve fibers: Phosphatidylserine, a fatty acid that usually occurs inside a neuron's membrane, had been moved to the outside. "Presence of phosphatidylserine at the outer site of the cell membrane is known to be an "eat-me" signal for microglia. In the olfactory bulb, this is usually associated with a process called synaptic pruning, which serves to remove unnecessary or dysfunctional neuronal connections," explains Paeger. "In our situation, we assume that the shift in membrane composition is triggered by hyperactivity of the affected neurons due to Alzheimer's disease. That is, these neurons exhibit abnormal firing."

A wide range of data

The findings of Paeger and colleagues are based on a plethora of observations. These include studies on mice with features of Alzheimer's disease, analysis of brain samples from deceased Alzheimer's patients, and positron emission tomography (PET) scans of the brains of individuals with Alzheimer's or mild cognitive impairment. "Smell issues in Alzheimer's disease and damage to the associated nerves have been discussed for some time. However, the causes were unclear until yet. Now, our findings point to an immunological mechanism as cause for such dysfunctions - and, in particular, that such events already arise in the early stages of Alzheimer's disease," says Joachim Herms, a research group leader at DZNE and LMU as well as a member of the Munich-based "SyNergy" Cluster of Excellence.

Perspectives for early diagnosis

So-called amyloid-beta antibodies have recently become available for the treatment of Alzheimer's. For this novel therapy to be effective, it needs to be applied at an early stage of the disease, and this is precisely where the current research could be significant. "Our findings could pave the way for the early identification of patients at risk of developing Alzheimer's, enabling them to undergo comprehensive testing to confirm the diagnosis before cognitive problems arise. This would allow earlier intervention with amyloid-beta antibodies, increasing the probability of a positive response," says Herms.
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How long can one RSV shot protect seniors? Study shows surprising two-year shield | ScienceDaily
One shot of an RSV vaccine protects adults ages 60 or older from RSV-associated hospitalization and critical illness during two consecutive RSV seasons, according to a study published in JAMA on August 30 by the IVY Network research group.


						
RSV causes substantial seasonal illness during fall and winter in the U.S., with an estimated 100,000-150,000 hospitalizations and 4,000-8,000 deaths occurring annually among adults 60 or older.

The results reinforce the recommendations for RSV vaccines in older adults and lay the groundwork for understanding how long a single dose of the vaccine may be effective, according to Wesley Self, MD, MPH, principal investigator for the IVY Network and Senior Vice President for Clinical Research at Vanderbilt University Medical Center.

"These results clearly demonstrate that the RSV vaccines prevent hospitalizations and critical illness due to RSV infection among older Americans," Self said. "It is exciting to see the public health benefits of this new vaccination program."

Investigators used data from a multicenter hospital network known as the IVY Network (The Investigating Respiratory Viruses in the Acutely Ill Network) to assess RSV vaccine effectiveness. They used a test-negative, case-control study design among 6,958 persons 60 years or older who had been hospitalized with acute respiratory illness at one of 26 hospitals in 20 US states during two RSV seasons from October 1, 2023-March 31, 2024 and October 1, 2024-April 30, 2025.

Overall, vaccination reduced the risk of RSV hospitalization by 58% during two RSV seasons, including 69% in the first year after vaccination and 48% in the second year after vaccination.

"Our data show that the beneficial effects of RSV vaccines appear to wane over time," Self said. "Redosing the vaccine at some interval after the initial dose could be a strategy to maintain protection over longer periods of time. It will be important to continue to closely monitor vaccine effectiveness over time to understand how long the benefit lasts after a single dose and if repeat dosing should be considered."

Current RSV vaccine recommendations are for all adults aged 75 years and older and those aged 60-74 years who are at an increased risk of severe RSV.

This study was funded by the U.S. Centers for Disease Control and Prevention (CDC) via award 75D30122C14944.
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        Astronomers uncover a hidden world on the solar system's edge
        Astronomers have uncovered a massive new trans-Neptunian object, 2017 OF201, lurking at the edge of our solar system. With an orbit stretching 25,000 years and a size that may qualify it as a dwarf planet, this mysterious world challenges long-held assumptions about the "empty" space beyond Neptune. Its unusual trajectory sets it apart from other distant bodies and may even cast doubt on the controversial Planet Nine hypothesis.

      

      
        MIT scientists uncover shocking origin of the moon's magnetic scars
        For decades, scientists have puzzled over why lunar rocks show signs of strong magnetism when the moon itself has no global magnetic field today. New simulations suggest the answer may lie in a powerful asteroid impact billions of years ago.

      

      
        Tiny gold quantum needles with astonishing powers discovered
        Scientists at the University of Tokyo have unveiled "gold quantum needles," a newly discovered nanocluster structure formed under unusual synthesis conditions. Unlike typical spherical clusters, these elongated, pencil-shaped formations display unique quantum behaviors and respond to near-infrared light, making them promising tools for biomedical imaging and energy applications.

      

      
        These clear windows can secretly produce solar power
        Scientists have created a transparent solar coating that turns ordinary windows into clean energy generators without affecting clarity. Using cholesteric liquid crystal layers, the coating redirects polarized sunlight to the window edges where solar cells collect it. A small prototype already powered a fan, and full-sized windows could boost efficiency 50-fold while cutting the need for costly photovoltaic cells.

      

      
        Scientists just found a hidden quantum geometry that warps electrons
        A hidden quantum geometry that distorts electron paths has finally been observed in real materials. This "quantum metric," once thought purely theoretical, may revolutionize electronics, superconductivity, and ultrafast devices.

      

      
        Scientists watch an atomic nucleus flip in real time
        Scientists at Delft University of Technology have managed to watch a single atomic nucleus flip its magnetic state in real time. Using a scanning tunneling microscope, they indirectly read the nucleus through its electrons, finding the nuclear spin surprisingly stable for several seconds. This "single-shot readout" breakthrough could pave the way for manipulating atomic-scale quantum states, with future applications in quantum sensing and simulation.

      

      
        Scientists create biodegradable plastic stronger than PET
        A Japanese research team successfully harnessed E. coli to produce PDCA, a strong, biodegradable plastic alternative. Their method avoids toxic byproducts and achieves record production levels, overcoming key roadblocks with creative fixes.

      

      
        The Sun's hidden particle engines finally exposed
        Solar Orbiter has identified the Sun's dual "engines" for superfast electrons: explosive flares and sweeping coronal mass ejections. By catching over 300 events close to their origin, the mission has solved key mysteries about how these particles travel and why they sometimes appear late. The findings will improve space weather forecasts and help shield spacecraft and astronauts from solar radiation.

      

      
        A weirdly shaped telescope could finally find Earth 2. 0
        Spotting Earth-like planets is nearly impossible with conventional telescopes, but researchers propose a bold fix: a rectangular design that can separate a planet's faint glow from its blinding star. This approach could uncover dozens of nearby worlds that might host life.

      

      
        A monster molecular cloud has been discovered in our galaxy - "No one had any idea this existed"
        Researchers spotted a colossal cloud of gas and dust in the Milky Way, filled with turbulent motion, newborn star seeds, and even a natural microwave laser. This newly found Midpoint cloud appears to funnel material toward the galactic center, offering key insights into star formation in extreme cosmic regions.

      

      
        Warped planet nurseries rewrite the rules of how worlds are born
        Astronomers using ALMA have discovered that planet-forming discs are not flat and serene but subtly warped, reshaping our understanding of how planets form. These slight tilts, similar to those seen among planets in our Solar System, suggest that planetary systems emerge in more chaotic and dynamic conditions than once believed. The findings point to new connections between disc warps, gas flow, turbulence, and the feeding of young stars, raising exciting questions about the forces shaping worlds...

      

      
        A simple metal could solve the world's plastic recycling problem
        Scientists at Northwestern University have developed a groundbreaking nickel-based catalyst that could transform the way the world recycles plastic. Instead of requiring tedious sorting, the catalyst selectively breaks down stubborn polyolefin plastics--the single-use materials that make up much of our daily waste--into valuable oils, waxes, fuels, and more.

      

      
        Distant suns covered in dark spots could shape the search for life
        A new model called StarryStarryProcess lets scientists map star spots with precision, improving how exoplanets are studied. By factoring in both transits and stellar rotation, it provides richer details about stars and their influence on planetary signals.

      

      
        NASA's SPHEREx Captures Comet 3I/ATLAS, a Visitor From Beyond the Solar System
        NASA's SPHEREx joined Webb and Hubble in studying interstellar comet 3I/ATLAS, gathering data on its size, chemistry, and physical traits. While harmless to Earth, the comet provides scientists a rare opportunity to learn more about solar system wanderers.

      

      
        NASA's Webb Space Telescope Reveals Secrets of Interstellar Comet 3I/ATLAS
        Webb, Hubble, and SPHEREx are joining forces to study the interstellar comet 3I/ATLAS, revealing details about its structure and chemistry. The comet isn't dangerous, but it's offering scientists a rare chance to explore material from outside our solar system.

      

      
        Strange "heavy" electrons could be the future of quantum computing
        Scientists in Japan have uncovered a strange new behavior in "heavy" electrons -- particles that act as if they carry far more mass than usual. These electrons were found to be entangled, sharing a deep quantum link, and doing so in ways tied to the fastest possible time in physics. Even more surprising, the effect appeared close to room temperature, hinting that future quantum computers might harness this bizarre state of matter.

      

      
        Scientists stunned by the Universe's first known black hole
        Just 500 million years after the Big Bang, a colossal black hole, 300 million times the mass of the Sun, was already blazing at the heart of a tiny, brilliant galaxy. Found with JWST, this discovery could explain the strange "Little Red Dots" seen in the early cosmos and rewrites what we thought was possible for black hole growth.

      

      
        NASA's x-ray telescope finds bizarre features in a cosmic hand
        Astronomers have taken a fresh look at the famous "Hand of God" pulsar, combining X-ray data from NASA's Chandra Observatory with new radio observations from the Australia Telescope Compact Array. At the center is pulsar B1509-58, a rapidly spinning neutron star only about 12 miles wide that powers a nebula stretching 150 light-years across. The strange hand-shaped structure continues to surprise researchers, revealing puzzling filaments, patchy remnants, and boundaries that defy expectations.

      

      
        Dark matter could be turning giant planets into black holes
        Astronomers have found over 5,000 exoplanets, and now scientists think these distant worlds could unlock one of the universe's greatest mysteries: dark matter. A new study suggests that Jupiter-like planets may gradually collect superheavy dark matter particles in their cores, which could one day collapse into planet-sized black holes.

      

      
        NASA finds Titan's alien lakes may be creating primitive cells
        Saturn's moon Titan may be more alive with possibilities than we thought. New NASA research suggests that in Titan's freezing methane and ethane lakes, simple molecules could naturally arrange themselves into vesicles--tiny bubble-like structures that mimic the first steps toward life. These compartments, born from splashing droplets and complex chemistry in Titan's atmosphere, could act like primitive cell walls.
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Astronomers uncover a hidden world on the solar system's edge | ScienceDaily
A small team led by Sihao Cheng, Martin A. and Helen Chooljian Member in the Institute for Advanced Study's School of Natural Sciences, has discovered an extraordinary trans-Neptunian object (TNO), named 2017 OF201, at the edge of our solar system.


						
The TNO is potentially large enough to qualify as a dwarf planet, the same category as the much more well-known Pluto. The new object is one of the most distant visible objects in our solar system and, significantly, suggests that the empty section of space thought to exist beyond Neptune in the Kuiper Belt is not, in fact, empty at all.

Cheng made the discovery alongside colleagues Jiaxuan Li and Eritas Yang from Princeton University, using advanced computational methods to identify the object's distinctive trajectory pattern on the sky. The new object was officially announced by the International Astronomical Union's Minor Planet Center and in an arXiv pre-print.

Trans-Neptunian objects are minor planets that orbit the Sun at a greater average distance than the orbit of Neptune. The new TNO is special for two reasons: its extreme orbit and its large size.

"The object's aphelion -- the farthest point on the orbit from the Sun -- is more than 1600 times that of the Earth's orbit," explains Cheng. "Meanwhile, its perihelion -- the closest point on its orbit to the Sun -- is 44.5 times that of the Earth's orbit, similar to Pluto's orbit."

This extreme orbit, which takes the object approximately 25,000 years to complete, suggests a complex history of gravitational interactions. "It must have experienced close encounters with a giant planet, causing it to be ejected to a wide orbit," says Yang. "There may have been more than one step in its migration. It's possible that this object was first ejected to the Oort cloud, the most distant region in our solar system, which is home to many comets, and then sent back," Cheng adds.

"Many extreme TNOs have orbits that appear to cluster in specific orientations, but 2017 OF201 deviates from this," says Li. This clustering has been interpreted as indirect evidence for the existence of another planet in the solar system, Planet X or Planet Nine, which could be gravitationally shepherding these objects into their observed patterns. The existence of 2017 OF201 as an outlier to such clustering could potentially challenge this hypothesis.




Cheng and his colleagues estimate 2017 OF201's diameter to be 700 km, which would make it the second largest known object in such a wide orbit. The diameter of Pluto, meanwhile, is 2,377 km. Further observations, potentially using radio telescopes, are needed to determine the object's exact size.

Cheng discovered the object as part of an ongoing research project to identify TNOs and possible new planets in the outer solar system. The object was identified by pinpointing bright spots in an astronomical image database from the Victor M. Blanco Telescope and Canada France Hawaii Telescope (CFHT), and trying to connect all possible groups of such spots that appeared to move across the sky in the way a single TNO might. This search was carried out using a computationally efficient algorithm produced by Cheng. Ultimately, they identified 2017 OF201 in 19 different exposures, captured over 7 years.

The discovery has significant implications for our understanding of the outer solar system. The area beyond the Kuiper Belt, where the object is located, has previously been thought to be essentially empty, but the team's discovery suggests that this is not so.

"2017 OF201 spends only 1% of its orbital time close enough to us to be detectable. The presence of this single object suggests that there could be another hundred or so other objects with similar orbit and size; they are just too far away to be detectable now," Cheng states. "Even though advances in telescopes have enabled us to explore distant parts of the universe, there is still a great deal to discover about our own solar system."

The detection also demonstrates the power of open science. "All the data we used to identify and characterize this object are archival data that are available to anyone, not only professional astronomers," says Li. "This means that groundbreaking discoveries aren't limited to those with access to the world's largest telescopes. Any researcher, student, or even citizen scientist with the right tools and knowledge could have made this discovery, highlighting the value of sharing scientific resources."
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MIT scientists uncover shocking origin of the moon's magnetic scars | ScienceDaily
Where did the moon's magnetism go? Scientists have puzzled over this question for decades, ever since orbiting spacecraft picked up signs of a high magnetic field in lunar surface rocks. The moon itself has no inherent magnetism today.


						
Now, MIT scientists may have solved the mystery. They propose that a combination of an ancient, weak magnetic field and a large, plasma-generating impact may have temporarily created a strong magnetic field, concentrated on the far side of the moon.

In a study appearing in the journal Science Advances, the researchers show through detailed simulations that an impact, such as from a large asteroid, could have generated a cloud of ionized particles that briefly enveloped the moon. This plasma would have streamed around the moon and concentrated at the opposite location from the initial impact. There, the plasma would have interacted with and momentarily amplified the moon's weak magnetic field. Any rocks in the region could have recorded signs of the heightened magnetism before the field quickly died away.

This combination of events could explain the presence of highly magnetic rocks detected in a region near the south pole, on the moon's far side. As it happens, one of the largest impact basins -- the Imbrium basin -- is located in the exact opposite spot on the near side of the moon. The researchers suspect that whatever made that impact likely released the cloud of plasma that kicked off the scenario in their simulations.

"There are large parts of lunar magnetism that are still unexplained," says lead author Isaac Narrett, a graduate student in the MIT Department of Earth, Atmospheric and Planetary Sciences (EAPS). "But the majority of the strong magnetic fields that are measured by orbiting spacecraft can be explained by this process -- especially on the far side of the moon."

Narrett's co-authors include Rona Oran and Benjamin Weiss at MIT, along with Katarina Miljkovic at Curtin University, Yuxi Chen and Gabor Toth at the University of Michigan at Ann Arbor, and Elias Mansbach PhD '24 at Cambridge University. Nuno Loureiro, professor of nuclear science and engineering at MIT, also contributed insights and advice.

Beyond the sun

Scientists have known for decades that the moon holds remnants of a strong magnetic field. Samples from the surface of the moon, returned by astronauts on NASA's Apollo missions of the 1960s and 70s, as well as global measurements of the moon taken remotely by orbiting spacecraft, show signs of remnant magnetism in surface rocks, especially on the far side of the moon.




The typical explanation for surface magnetism is a global magnetic field, generated by an internal "dynamo," or a core of molten, churning material. The Earth today generates a magnetic field through a dynamo process, and it's thought that the moon once may have done the same, though its much smaller core would have produced a much weaker magnetic field that may not explain the highly magnetized rocks observed, particularly on the moon's far side.

An alternative hypothesis that scientists have tested from time to time involves a giant impact that generated plasma, which in turn amplified any weak magnetic field. In 2020, Oran and Weiss tested this hypothesis with simulations of a giant impact on the moon, in combination with the solar-generated magnetic field, which is weak as it stretches out to the Earth and moon.

In simulations, they tested whether an impact to the moon could amplify such a solar field, enough to explain the highly magnetic measurements of surface rocks. It turned out that it wasn't, and their results seemed to rule out plasma-induced impacts as playing a role in the moon's missing magnetism.

A spike and a jitter

But in their new study, the researchers took a different tack. Instead of accounting for the sun's magnetic field, they assumed that the moon once hosted a dynamo that produced a magnetic field of its own, albeit a weak one. Given the size of its core, they estimated that such a field would have been about 1 microtesla, or 50 times weaker than the Earth's field today.

From this starting point, the researchers simulated a large impact to the moon's surface, similar to what would have created the Imbrium basin, on the moon's near side. Using impact simulations from Katarina Miljkovic, the team then simulated the cloud of plasma that such an impact would have generated as the force of the impact vaporized the surface material. They adapted a second code, developed by collaborators at the University of Michigan, to simulate how the resulting plasma would flow and interact with the moon's weak magnetic field.




These simulations showed that as a plasma cloud arose from the impact, some of it would have expanded into space, while the rest would stream around the moon and concentrate on the opposite side. There, the plasma would have compressed and briefly amplified the moon's weak magnetic field. This entire process, from the moment the magnetic field was amplified to the time that it decays back to baseline, would have been incredibly fast -- somewhere around 40 minutes, Narrett says.

Would this brief window have been enough for surrounding rocks to record the momentary magnetic spike? The researchers say, yes, with some help from another, impact-related effect.

They found that an Imbrium-scale impact would have sent a pressure wave through the moon, similar to a seismic shock. These waves would have converged to the other side, where the shock would have "jittered" the surrounding rocks, briefly unsettling the rocks' electrons -- the subatomic particles that naturally orient their spins to any external magnetic field. The researchers suspect the rocks were shocked just as the impact's plasma amplified the moon's magnetic field. As the rocks' electrons settled back, they assumed a new orientation, in line with the momentary high magnetic field.

"It's as if you throw a 52-card deck in the air, in a magnetic field, and each card has a compass needle," Weiss says. "When the cards settle back to the ground, they do so in a new orientation. That's essentially the magnetization process."

The researchers say this combination of a dynamo plus a large impact, coupled with the impact's shockwave, is enough to explain the moon's highly magnetized surface rocks -- particularly on the far side. One way to know for sure is to directly sample the rocks for signs of shock, and high magnetism. This could be a possibility, as the rocks lie on the far side, near the lunar south pole, where missions such as NASA's Artemis program plan to explore.

"For several decades, there's been sort of a conundrum over the moon's magnetism -- is it from impacts or is it from a dynamo?" Oran says. "And here we're saying, it's a little bit of both. And it's a testable hypothesis, which is nice."

The team's simulations were carried out using the MIT SuperCloud. This research was supported, in part, by NASA.
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Tiny gold quantum needles with astonishing powers discovered | ScienceDaily
Researchers Shinjiro Takano, Yuya Hamasaki, and Tatsuya Tsukuda of the University of Tokyo have successfully visualized the geometric structure of growing gold nanoclusters in their earliest stages. During this process, they also successfully "grew" a novel structure of elongated nanoclusters, which they named "gold quantum needles." Thanks to their responsiveness to light in the near-infrared range, these "needles" could enable much higher-resolution biomedical imaging and more efficient light-energy conversion. The findings were published in the Journal of the American Chemical Society.


						
Although gold might conjure up images of pomp and luxury, it is also an essential element of modern nanotechnology due to its unique structures and properties at the nanoscale. Gold nanoclusters composed of fewer than 100 atoms are typically synthesized by reducing, that is, adding electrons, gold precursor ions in the presence of protective ligands. However, synthesizing gold nanoclusters of the desired size, shape, and composition is still a challenge.

"Over the past years," says Tsukuda, the principal investigator, "much effort has been devoted to understanding the correlation between the structure and physicochemical properties of the nanoclusters. However, the formation process is regarded as a black box. We initiated this project with the belief that understanding the initial stages of cluster formation will lead to the development of new, targeted synthesis methods for desired structures."

The researchers thus set out to determine the geometric structures of gold nanoclusters at the initial stages of their formation. They used slightly unusual synthesis conditions to trap the nanoclusters in the very first stages of growth. Single-crystal X-ray diffraction analysis, an X-ray for chemical compounds, if you will, revealed that gold nanoclusters grew anisotropically, at a different rate in different directions. Moreover, the analysis revealed an entirely new structure: pencil-shaped nanoclusters composed of triangular trimers and tetrahedral tetramers. The researchers named them "gold quantum needles" because the electrons confined in these nanoclusters demonstrated quantized behavior, a quantum phenomenon in which electrons can take only specific potential energies.

"We could retroactively explain the formation processes of a series of small gold nanoclusters under our unusual synthetic conditions," Tsukuda explains. "However, the formation of needles with a base of a triangle of three gold atoms instead of a nearly spherical cluster is a serendipitous finding that was far beyond our imagination."

The structural snapshots the researchers acquired of the stepwise growth of gold nanoclusters greatly contribute to our understanding of the formation mechanism. However, Tsukuda is already thinking about the next steps.

"We would like to explore synthesizing other, unique nanoclusters by refining the synthesis conditions further. We would also like to collaborate with other experts to promote the application of gold quantum needles, leveraging their exceptional optical properties."
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These clear windows can secretly produce solar power | ScienceDaily
A research team led by Nanjing University has introduced a transparent, colorless, and unidirectional solar concentrator that can be directly coated onto standard window glass. Utilizing cholesteric liquid crystal (CLC) multilayers with submicron lateral periodicities, this diffractive-type solar concentrator (CUSC) selectively guides sunlight toward the edge of the window where photovoltaic cells are installed. The study appears in PhotoniX.


						
Unlike conventional luminescent or scattering-based concentrators, which often suffer from visual distortion, low efficiency, and poor scalability, the new CUSC achieves broadband polarization-selective diffraction and waveguiding without compromising clarity. The device maintains a high average visible transmittance (64.2%) and color rendering index (91.3), enabling clean energy generation without altering the appearance of the window.

"By engineering the structure of cholesteric liquid crystal films, we create a system that selectively diffracts circularly polarized light, guiding it into the glass waveguide at steep angles," said Dr. Dewei Zhang, co-first author. "This allows up to 38.1% of incident green light energy to be collected at the edge."

Experiments showed that a 1-inch-diameter prototype could directly power a 10-mW fan under sunlight. Modeling suggests a typical 2-meter-wide CUSC window could concentrate sunlight by 50 times, significantly reducing the number of photovoltaic cells required by up to 75%. The system supports integration with high-performance PV cells such as gallium arsenide for enhanced power conversion.

The multilayered CLC films are fabricated via photoalignment and polymerization techniques and are scalable via roll-to-roll manufacturing. The design remains stable under long-term exposure and can be retrofitted onto existing windows for sustainable urban upgrades.

"The CUSC design is a step forward in integrating solar technology into the built environment without sacrificing aesthetics," said Professor Wei Hu. "It represents a practical and scalable strategy for carbon reduction and energy self-sufficiency."

Future work will focus on enhancing broadband efficiency, polarization control, and adapting the technology for agricultural greenhouses and transparent solar displays. Their vision: to turn passive glass into active, energy-generating surfaces worldwide.
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Scientists just found a hidden quantum geometry that warps electrons | ScienceDaily
How can data be processed at lightning speed, or electricity conducted without loss? To achieve this, scientists and industry alike are turning to quantum materials, governed by the laws of the infinitesimal. Designing such materials requires a detailed understanding of atomic phenomena, much of which remains unexplored. A team from the University of Geneva (UNIGE), in collaboration with the University of Salerno and the CNR-SPIN Institute (Italy), has taken a major step forward by uncovering a hidden geometry -- until now purely theoretical -- that distorts the trajectories of electrons in much the same way gravity bends the path of light. This work, published in Science, opens new avenues for quantum electronics.


						
Future technologies depend on high-performance materials with unprecedented properties, rooted in quantum physics. At the heart of this revolution lies the study of matter at the microscopic scale -- the very essence of quantum physics. In the past century, exploring atoms, electrons and photons within materials gave rise to transistors and, ultimately, to modern computing.

New quantum phenomena that defy established models are still being discovered today. Recent studies suggest the possible emergence of a geometry within certain materials when vast numbers of particles are observed. This geometry appears to distort the trajectories of electrons in these materials -- much like Einstein's gravity bends the path of light.

From theory to observation

Known as quantum metric, this geometry reflects the curvature of the quantum space in which electrons move. It plays a crucial role in many phenomena at the microscopic scale of matter. Yet detecting its presence and effects remains a major challenge.

''The concept of quantum metric dates back about 20 years, but for a long time it was regarded purely as a theoretical construct. Only in recent years have scientists begun to explore its tangible effects on the properties of matter,'' explains Andrea Caviglia, full professor and director of the Department of Quantum Matter Physics at the UNIGE Faculty of Science.

Thanks to recent work, the team led by the UNIGE researcher, in collaboration with Carmine Ortix, associate professor in the Department of Physics at the University of Salerno, has detected quantum metric at the interface between two oxides -- strontium titanate and lanthanum aluminate -- a well-known quantum material. ''Its presence can be revealed by observing how electron trajectories are distorted under the combined influence of quantum metric and intense magnetic fields applied to solids,'' explains Giacomo Sala, research associate in the Department of Quantum Matter Physics at the UNIGE Faculty of Science and lead author of the study.

Unlocking Future Technologies

Observing this phenomenon makes it possible to characterise a material's optical, electronic and transport properties with greater precision. The research team also demonstrates that quantum metric is an intrinsic property of many materials -- contrary to previous assumptions.

''These discoveries open up new avenues for exploring and harnessing quantum geometry in a wide range of materials, with major implications for future electronics operating at terahertz frequencies (a trillion hertz), as well as for superconductivity and light-matter interactions,'' concludes Andrea Caviglia.
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Scientists watch an atomic nucleus flip in real time | ScienceDaily
Researchers from Delft University of Technology in The Netherlands have been able to see the magnetic nucleus of an atom switch back and forth in real time. They read out the nuclear 'spin' via the electrons in the same atom through the needle of a scanning tunneling microscope. To their surprise, the spin remained stable for several seconds, offering prospects for enhanced control of the magnetic nucleus. The research, published in Nature Communications, is a step forward for quantum sensing at the atomic scale.


						
A scanning tunneling microscope (STM) consists of an atomically-sharp needle that can 'feel' single atoms on a surface and make images with atomic resolution. Or to be precise, STM can only feel the electrons that surround the atomic nucleus. Both the electrons and the nucleus in an atom are potentially small magnets. Depending on the type of atom, they each carry a quantity called 'spin', the quantum-mechanical equivalent of magnetism. Measuring the motion of an individual electron spin with an STM was achieved for the first time a decade ago. The TU Delft research group led by professor Sander Otte wanted to know: could they also use an STM to read out the nuclear spin in time, the other part of the atom?

Reading out the nuclear spin

The STM is not sensitive to nuclear spins directly, so the team had to use the electron to read out the nuclear spin indirectly. "The general idea had been demonstrated a few years ago, making use of the so-called hyperfine interaction between electron and nuclear spins," Otte explains. However, these early measurements were too slow to capture the motion of the nuclear spin over time."

Rapid measurements

First authors Evert Stolte and Jinwon Lee set out to perform rapid measurements on an atom known to carry a nuclear spin. To their excitement, they observed the signal switching between two distinct levels in real time, live on their computer screen. "We were able to show that this switching corresponds to the nuclear spin flipping from one quantum state to another, and back again," Stolte says. They determined that it takes about five seconds before the spin changes, much longer than many other quantum systems available for the STM. For instance, the lifetime of the electron spin in the same atom is only around 100 nanoseconds.

Single-shot readout

Since the researchers could measure nuclear spin state faster than it flips and (mostly) without causing a flip by the measurement itself, they achieved so-called 'single-shot readout'. This opens up exciting experimental possibilities for controlling the nuclear spin. Furthermore, fundamental progress in the readout and control of an on-surface nuclear spins could, in the long term, assist in applications like quantum simulation or quantum sensing at the atomic scale. Stolte: "The first step in any new experimental frontier is being able to measure it, and that is what we were able to do for nuclear spins at the atomic scale."
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Scientists create biodegradable plastic stronger than PET | ScienceDaily
The PET-alternative PDCA is biodegradable and has superior physical properties. A Kobe University team of bioengineers engineered E. coli bacteria to produce the compound from glucose at unprecedented levels and without byproducts -- and opened up a realm of possibilities for the future of bioengineering.


						
The durability of plastics is both the reason why they have become so wide-spread and why they pose environmental problems. In addition, they are mainly sourced from petroleum, making them non-renewable and contingent on geopolitics. Research groups worldwide work on both biodegradable and bio-sourced alternatives, but there often are issues with yield, purity and -- as a result -- associated production cost.

Kobe University bioengineer Tsutomu Tanaka says: "Most biomass-based production strategies focus on molecules consisting of carbon, oxygen and hydrogen. However, there are highly promising compounds for high-performance plastics that include other elements such as nitrogen, but there are no efficient bioproduction strategies. And purely chemical reactions inevitably generate unwanted byproducts." PDCA, which stands for pyridinedicarboxylic acid, is such a candidate. It is biodegradable, and materials incorporating this show physical properties comparable to or even surpassing those of PET, which is widely used in containers and textiles. "Our group approached the challenge from a new angle: We aimed to harness cellular metabolism to assimilate nitrogen and build the compound from start to finish," says Tanaka.

In the journal Metabolic Engineering, the Kobe University group now published that they achieved the production of PDCA in bioreactors at concentrations more than seven-fold higher than previously reported. Tanaka explains, "The significance of our work lies in demonstrating that metabolic reactions can be used to incorporate nitrogen without producing unwanted byproducts, thereby enabling the clean and efficient synthesis of the target compound."

The group, however, did have some stubborn problems to solve along the way. The most stubborn of these came when they discovered a bottleneck where one of the enzymes they had introduced produced the highly reactive compound hydrogen peroxide, H2O2. The compound then attacked the enzyme that produced it, thereby deactivating it. "Through refining the culture conditions, in particular by adding a compound that can scavenge H2O2, we could finally overcome the issue, although this addition may present new economic and logistical challenges for large-scale production," says Tanaka.

The bioengineers already have plans on how to improve the production going forward, with every problem pointing the way to its solution. Looking at the future, Tanaka says: "The ability to obtain sufficient quantities in bioreactors lays the groundwork for the next steps toward practical implementation. More generally, though, our achievement in incorporating enzymes from nitrogen metabolism broadens the spectrum of molecules accessible through microbial synthesis, thus enhancing the potential of bio-manufacturing even further."

This research was funded by the Japan Society for the Promotion of Science (grants 25K00054, 23H04565, 25H01701, 25K01594, 25H00819) and the Japan Science and Technology Agency (grant JPMJPR22N9).
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The Sun's hidden particle engines finally exposed | ScienceDaily
The European Space Agency-led Solar Orbiter mission has split the flood of energetic particles flung out into space from the Sun into two groups, tracing each back to a different kind of outburst from our star.


						
The Sun is the most energetic particle accelerator in the Solar System. It whips up electrons to nearly the speed of light and flings them out into space, flooding the Solar System with so-called 'Solar Energetic Electrons' (SEEs).

Researchers have now used Solar Orbiter to pinpoint the source of these energetic electrons and trace what we see out in space back to what's actually happening on the Sun. In a paper to be published in Astronomy & Astrophysics on September 1, they explain that they found two kinds of SEE with clearly distinct stories: one connected to intense solar flares (explosions from smaller patches of the Sun's surface), and one to larger eruptions of hot gas from the Sun's atmosphere (known as 'coronal mass ejections', or CMEs).

"We see a clear split between 'impulsive' particle events, where these energetic electrons speed off the Sun's surface in bursts via solar flares, and 'gradual' ones associated with more extended CMEs, which release a broader swell of particles over longer periods of time," says lead author Alexander Warmuth of the Leibniz Institute for Astrophysics Potsdam (AIP), Germany.

A clearer connection

While scientists were aware that two types of SEE event existed, Solar Orbiter was able to measure a large number of events, and look far closer to the Sun than other missions had, to reveal how they form and leave the surface of our star.

"We were only able to identify and understand these two groups by observing hundreds of events at different distances from the Sun with multiple instruments - something that only Solar Orbiter can do," adds Alexander. "By going so close to our star, we could measure the particles in a 'pristine' early state and thus accurately determine the time and place they started at the Sun."

Flight delays




The researchers detected the SEE events at different distances from the Sun. This let them study how the electrons behave as they travel through the Solar System, answering a lingering question about these energetic particles.

When we spot a flare or a CME, there's often an apparent lag between what we see taking place at the Sun, and the release of energetic electrons into space. In extreme cases, the particles seem to take hours to escape. Why?

"It turns out that this is at least partly related to how the electrons travel through space - it could be a lag in release, but also a lag in detection," says co-author and ESA Research Fellow Laura Rodriguez-Garcia. "The electrons encounter turbulence, get scattered in different directions, and so on, so we don't spot them immediately. These effects build up as you move further from the Sun."

The space between the Sun and the planets of the Solar System isn't empty. A wind of charged particles streams out from the Sun constantly, dragging the Sun's magnetic field with it. It fills space and influences how the energetic electrons travel; rather than being able to go where they like, they are confined, scattered, and disturbed by this wind and its magnetism.

The study fulfils an important goal of Solar Orbiter: to continuously monitor our star and its surroundings to trace ejected particles back to their sources at the Sun.

"Thanks to Solar Orbiter, we're getting to know our star better than ever," says Daniel Muller, ESA Project Scientist for Solar Orbiter. "During its first five years in space, Solar Orbiter has observed a wealth of Solar Energetic Electron events. As a result, we've been able to perform detailed analyses and assemble a unique database for the worldwide community to explore."

Keeping Earth safe




Crucially, the finding is important for our understanding of space weather, where accurate forecasting is essential to keep our spacecraft operational and safe. One of the two kinds of SEE events is more important for space weather: that connected to CMEs, which tend to hold more high-energy particles and so threaten far more damage. Because of this, being able to distinguish between the two types of energetic electrons is hugely relevant for our forecasting.

"Knowledge such as this from Solar Orbiter will help protect other spacecraft in the future, by letting us better understand the energetic particles from the Sun that threaten our astronauts and satellites," adds Daniel. "The research is a really great example of the power of collaboration - it was only possible due to the combined expertise and teamwork of European scientists, instrument teams from across ESA Member States, and colleagues from the US."

Looking ahead, ESA's Vigil mission will pioneer a revolutionary approach, operationally observing the 'side' of the Sun for the first time, unlocking continuous insights into solar activity. To be launched in 2031, Vigil will detect potentially hazardous solar events before they come into view as seen from Earth, giving us advance knowledge of their speed, direction and chance of impact.

Our understanding of how our planet responds to solar storms will also be investigated further with the launch of ESA's Smile mission next year. Smile will study how Earth endures the relentless 'wind', and sporadic bursts, of fierce particles thrown our way from the Sun, exploring how the particles interact with our planet's protective magnetic field.

Solar Orbiter is a space mission of international collaboration between ESA and NASA, operated by ESA.
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A weirdly shaped telescope could finally find Earth 2. 0 | ScienceDaily
The Earth supports the only known life in the universe, all of it depending heavily on the presence of liquid water to facilitate chemical reactions. While single-celled life has existed almost as long as the Earth itself, it took roughly three billion years for multicellular life to form. Human life has existed for less than one 10 thousandth of the age of the Earth.


						
All of this suggests that life might be common on planets that support liquid water, but it might be uncommon to find life that studies the universe and seeks to travel through space, like we do. To find extraterrestrial life, it might be necessary for us to travel to it.

However, the vastness of space, coupled with the impossibility of traveling or communicating faster than the speed of light, places practical limits on how far we can roam. Only the closest stars to the sun could possibly be visited in a human lifetime, even by a space probe. In addition, only stars similar in size and temperature to the sun are long-lived enough, and have stable enough atmospheres, for multicellular life to have time to form. For this reason, the most valuable stars to study are the 60 or so sun-like stars that are closer to us than approximately 30 light-years. The most promising planets orbiting these stars would have sizes and temperatures similar to the Earth, so solid ground and liquid water can exist.

A needle in the haystack

Observing an Earth-like exoplanet separately from the star it is orbiting around is a major challenge. Even in the best possible scenario, the star is a million times brighter than the planet; if the two objects are blurred together, there is no hope of detecting the planet. Optics theory says that the best resolution one can get in telescope images depends on the size of the telescope and the wavelength of the observed light. Planets with liquid water give off the most light at wavelengths around 10 microns (the width of a thin human hair and 20 times the typical wavelength of visible light). At this wavelength, a telescope needs to collect light over a distance of at least 20 meters to have enough resolution to separate the Earth from the sun at a distance of 30 light-years. Additionally, the telescope must be in space, because looking through the Earth's atmosphere would blur the image too much. However, our largest space telescope - the James Webb Space Telescope (JWST) - is only 6.5 meters in diameter, and that telescope was extremely difficult to launch.

Because deploying a 20-meter space telescope seems out-of-reach with current technology, scientists have explored several alternative approaches. One involves launching multiple, smaller telescopes that maintain extremely accurate distances between them, so that the whole set acts as one telescope with a large diameter. But, maintaining the required spacecraft position accuracy (which must be precisely calibrated to the size of a typical molecule) is also currently infeasible.

Other proposals use shorter wavelength light, so that a smaller telescope can be used. However, in visible light a sun-like star is more than 10 billion times brighter than the Earth. It is beyond our current capability to block out enough starlight to be able to see the planet in this case, even if in principle the image has high enough resolution.




One idea for blocking the starlight involves flying a spacecraft called a 'starshade' that is tens of meters across, at a distance of tens of thousands of miles in front of the space telescope, so that it exactly blocks the light from the star while the light from a companion planet is not blocked. However, this plan requires that two spacecraft be launched (a telescope and a starshade). Furthermore, pointing the telescope at different stars would entail moving the starshade thousands of miles, using up prohibitively large quantities of fuel.

A rectangular perspective

In our paper, we propose a more feasible alternative. We show that it is possible to find nearby, Earth-like planets orbiting sun-like stars with a telescope that is about the same size as JWST, operating at roughly the same infrared (10 micron) wavelength as JWST, with a mirror that is a one by 20 meter rectangle instead of a circle 6.5 meters in diameter.

With a mirror of this shape and size, we can separate a star from an exoplanet in the direction that the telescope mirror is 20 meters long. To find exoplanets at any position around a star, the mirror can be rotated so its long axis will sometimes align with the star and planet. We show that this design can in principle find half of all existing Earth-like planets orbiting sun-like stars within 30 light-years in less than three years. While our design will need further engineering and optimization before its capabilities are assured, there are no obvious requirements that need intense technological development, as is the case for other leading ideas.

If there is about one Earth-like planet orbiting the average sun-like star, then we would find around 30 promising planets. Follow-up study of these planets could identify those with atmospheres that suggest the presence of life, for example oxygen that was formed through photosynthesis. For the most promising candidate, we could dispatch a probe that would eventually beam back images of the planet's surface. The rectangular telescope could provide a straightforward path towards identifying our sister planet: Earth 2.0.
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A monster molecular cloud has been discovered in our galaxy - "No one had any idea this existed" | ScienceDaily
An international team of astronomers has discovered a massive cloud of gas and dust located in a little-known region of our Milky Way galaxy. The Giant Molecular Cloud (GMC) is about 60 parsecs -- or 200 light years -- long.


						
In a new study published in the Astrophysical Journal, researchers using the U.S. National Science Foundation Green Bank Telescope (NSF GBT) have peered into a molecular cloud known as M4.7-0.8, nicknamed the Midpoint cloud. Their observations have revealed a dynamic region bustling with activity, including potential sites of new star formation.

"One of the big discoveries of the paper was the GMC itself. No one had any idea this cloud existed until we looked at this location in the sky and found the dense gas. Through measurements of the size, mass, and density, we confirmed this was a giant molecular cloud," shares Natalie Butterfield, an NSF National Radio Astronomy Observatory (NSF NRAO) scientist and lead author of this paper.

"These dust lanes are like hidden rivers of gas and dust that are carrying material into the center of our galaxy," explained Butterfield. "The Midpoint cloud is a place where material from the galaxy's disk is transitioning into the more extreme environment of the galactic center and provides a unique opportunity to study the initial gas conditions before accumulating in the center of our galaxy."

The NSF GBT observations focused on molecules like ammonia (NH3) and cyanobutadiyne (HC5N), which are tracers of dense gas. Besides revealing the previously unknown Midpoint cloud in the Galaxy's inward-bound dust lane, the data also showed:
    	A New Maser: The team discovered a previously unknown "maser," a natural source of intense microwave radiation, associated with ammonia gas. This is often a sign of active star formation.
    	Potential Star Birth Sites: The cloud contains compact clumps of gas and dust that appear to be on the verge of forming new stars. One of these clumps, dubbed Knot E, might be a frEGG (free-floating evaporating gas globule) - a small, dense cloud being eroded by radiation from nearby stars.
    	Evidence of Stellar Feedback: The team found a shell-like structure within the cloud, possibly created by the energy released from dying stars.
    	Turbulent Gas: The gas within the cloud is highly turbulent, similar to what is seen in the galaxy's central regions. This turbulence could be caused by the inflow of material along the dust lanes or by collisions with other clouds.

"Star formation in galactic bars is a bit of a puzzle," said Larry Morgan, a scientist with the NSF Green Bank Observatory (NSF GBO), "The strong forces in these regions can actually suppress star formation. However, the leading edges of these bars, such as where the Midpoint is located, can accumulate dense gas and trigger new star formation."

The team's findings suggest that the Midpoint cloud is a crucial link in the flow of material from the Milky Way's disk to its center. By studying this region, astronomers can learn more about how galaxies build their central structures and form new stars in extreme environments.
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Warped planet nurseries rewrite the rules of how worlds are born | ScienceDaily
The textbook picture of how planets form - serene, flat discs of cosmic dust - has just received a significant cosmic twist. New research, published in the Astrophysical Journal Letters, is set to reshape this long-held view. An international team of scientists, wielding the formidable power of the Atacama Large Millimeter/submillimeter Array (ALMA), has found compelling evidence that many protoplanetary discs, the very birthplaces of planets, are in fact subtly warped.


						
These slight bends and twists in the disc plane, often just a few degrees, bear a striking resemblance to the subtle tilts observed among the planets in our own Solar System. This discovery suggests the initial conditions for planetary systems might be far less orderly than previously thought, with profound implications for how planets grow and settle into their final orbits.

Dr Andrew Winter, the lead author of the study from Queen Mary University of London where he is Royal Society University Research Fellow in astronomy, said: "Our results suggest that protoplanetary discs are slightly warped. This would be quite a change in how we understand these objects and has many consequences for how planets form. Particularly interesting is that the couple of degree warping is similar to the differences in inclination between our own Solar System planets."

Dr Myriam Benisty, director of the Planet and Star Formation Department at the Max Planck Institute for Astronomy said,"exoALMA has revealed large scale structures in the planet forming discs that were completely unexpected. The warp-like structures challenge the idea of orderly planet formation and pose a fascinating challenge for the future.

To uncover these subtle twists, the team meticulously analysed Doppler shifts - tiny changes in the radio waves emitted by carbon monoxide (CO) molecules swirling within the discs. These shifts act like a cosmic speedometer, revealing the gas's exact motion. As part of a major ALMA program called exoALMA, researchers used this flagship observatory to map the gas's velocity across each disc in unprecedented detail. By carefully modelling these intricate patterns, they were able to detect when different regions of a disc were slightly tilted, thus revealing the warps.

"These modest misalignments may be a common outcome of star and planet formation," Dr Winter added, noting the intriguing parallel with our own Solar System. The research not only provides a fresh perspective on the mechanics of planet formation but also raises new questions about why these discs are warped - a mystery the team is eager to unravel.

Is it the gravitational pull of unseen companion stars, or perhaps the chaotic dance of gas and dust that twists these stellar cradles? The findings show that these subtle disc warps, often tilting by as little as half a degree to two degrees, can naturally explain many of the prominent large-scale patterns observed in the gas's motion across the discs. They even suggest these warps could be responsible for creating intriguing spiral patterns and slight temperature variations within these cosmic nurseries.

If these warps are a key driver of how gas moves within the disc, it profoundly changes our understanding of critical processes like turbulence and how material is exchanged - ultimately dictating how planets form and settle into their final orbits. Intriguingly, the nature of these warps appears to be connected to how much material the young star is actively drawing in towards its center. This hints at a dynamic link between the disc's innermost regions, where the star is fed, and its outer, planet-forming areas.

This discovery offers a thrilling glimpse into the complex and often surprising realities of planet formation, fundamentally changing our cosmic blueprint and opening new avenues for understanding the diverse worlds beyond our Sun.

This research was conducted by the 'exoALMA' collaboration that is an international collaboration of institutions including the Max-Planck Institute for Astronomy (MPIA), University of Florida, Leiden Observatory (Leiden University), European Southern Observatory, Universita degli Studi di Milano, Massachusetts Institute of Technology, Center for Astrophysics | Harvard & Smithsonian, Univ. Grenoble Alpes, Universidad de Chile, University of St. Andrews, Universite Cote d'Azur, The University of Georgia, Monash University, University of Leeds, National Astronomical Observatory of Japan, University of Cambridge, Ibaraki University, Academia Sinica Institute of Astronomy & Astrophysics, The Graduate University for Advanced Studies (SOKENDAI), Wesleyan University, and The Pennsylvania State University.
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A simple metal could solve the world's plastic recycling problem | ScienceDaily
The future of plastic recycling may soon get much less complicated, frustrating and tedious.


						
In a new study, Northwestern University chemists have introduced a new plastic upcycling process that can drastically reduce -- or perhaps even fully bypass -- the laborious chore of pre-sorting mixed plastic waste.

The process harnesses a new, inexpensive nickel-based catalyst that selectively breaks down polyolefin plastics consisting of polyethylenes and polypropylenes -- the single-use kind that dominates nearly two-thirds of global plastic consumption. This means industrial users could apply the catalyst to large volumes of unsorted polyolefin waste.

When the catalyst breaks down polyolefins, the low-value solid plastics transform into liquid oils and waxes, which can be upcycled into higher-value products, including lubricants, fuels and candles. Not only can it be used multiple times, but the new catalyst can also break down plastics contaminated with polyvinyl chloride (PVC), a toxic polymer that notoriously makes plastics "unrecyclable."

The study was published on Sept. 2 in the journal Nature Chemistry.

"One of the biggest hurdles in plastic recycling has always been the necessity of meticulously sorting plastic waste by type," said Northwestern's Tobin Marks, the study's senior author. "Our new catalyst could bypass this costly and labor-intensive step for common polyolefin plastics, making recycling more efficient, practical and economically viable than current strategies."

"When people think of plastic, they likely are thinking about polyolefins," said Northwestern's Yosi Kratish, a co-corresponding author on the paper. "Basically, almost everything in your refrigerator is polyolefin based -- squeeze bottles for condiments and salad dressings, milk jugs, plastic wrap, trash bags, disposable utensils, juice cartons and much more. These plastics have a very short lifetime, so they are mostly single-use. If we don't have an efficient way to recycle them, then they end up in landfills and in the environment, where they linger for decades before degrading into harmful microplastics."

A world-renowned catalysis expert, Marks is the Vladimir N. Ipatieff Professor of Catalytic Chemistry at Northwestern's Weinberg College of Arts and Sciences and a professor of chemical and biological engineering at Northwestern's McCormick School of Engineering. He is also a faculty affiliate at the Paula M. Trienens Institute for Sustainability and Energy. Kratish is a research assistant professor in Marks' group, and an affiliated faculty member at the Trienens Institute. Qingheng Lai, a research associate in Marks' group, is the study's first author. Marks, Kratish and Lai co-led the study with Jeffrey Miller, a professor of chemical engineering at Purdue University; Michael Wasielewski, Clare Hamilton Hall Professor of Chemistry at Weinberg; and Takeshi Kobayashi a research scientist at Ames National Laboratory.




The polyolefin predicament

From yogurt cups and snack wrappers to shampoo bottles and medical masks, most people interact with polyolefin plastics multiple times throughout the day. Because of its versatility, polyolefins are the most used plastic in the world. By some estimates, industry produces more than 220 million tons of polyolefin products globally each year. Yet, according to a 2023 report in the journal Nature, recycling rates for polyolefin plastics are alarmingly low, ranging from less than 1% to 10% worldwide.

The main reason for this disappointing recycling rate is polyolefin's sturdy, stubborn composition. It contains small molecules linked together with carbon-carbon bonds, which are famously difficult to break.

"When we design catalysts, we target weak spots," Kratish said. "But polyolefins don't have any weak links. Every bond is incredibly strong and chemically unreactive."

Problems with current processes

Currently, only a few, less-than-ideal processes exist that can recycle polyolefin. It can be shredded into flakes, which are then melted and downcycled to form low-quality plastic pellets. But because different types of plastics have different properties and melting points, the process requires workers to scrupulously separate various types of plastics. Even small amounts of other plastics, food residue or non-plastic materials can compromise an entire batch. And those compromised batches go straight into the landfill.




Another option involves heating plastics to incredibly high temperatures, reaching 400 to 700 degrees Celsius. Although this process degrades polyolefin plastics into a useful mixture of gases and liquids, it's extremely energy intensive.

"Everything can be burned, of course," Kratish said. "If you apply enough energy, you can convert anything to carbon dioxide and water. But we wanted to find an elegant way to add the minimum amount of energy to derive the maximum value product."

Precision engineering

To uncover that elegant solution, Marks, Kratish and their team looked to hydrogenolysis, a process that uses hydrogen gas and a catalyst to break down polyolefin plastics into smaller, useful hydrocarbons. While hydrogenolysis approaches already exist, they typically require extremely high temperatures and expensive catalysts made from noble metals like platinum and palladium.

"The polyolefin production scale is huge, but the global noble metal reserves are very limited," Lai said. "We cannot use the entire metal supply for chemistry. And, even if we did, there still would not be enough to address the plastic problem. That's why we're interested in Earth-abundant metals."

For its polyolefin recycling catalyst, the Northwestern team pinpointed cationic nickel, which is synthesized from an abundant, inexpensive and commercially available nickel compound. While other nickel nanoparticle-based catalysts have multiple reaction sites, the team designed a single-site molecular catalyst.

The single-site design enables the catalyst to act like a highly specialized scalpel -- preferentially cutting carbon-carbon bonds -- rather than a less controlled blunt instrument that indiscriminately breaks down the plastic's entire structure. As a result, the catalyst allows for the selective breakdown of branched polyolefins (such as isotactic polypropylene) when they are mixed with unbranched polyolefins -- effectively separating them chemically.

"Compared to other nickel-based catalysts, our process uses a single-site catalyst that operates at a temperature 100 degrees lower and at half the hydrogen gas pressure," Kratish said. "We also use 10 times less catalyst loading, and our activity is 10 times greater. So, we are winning across all categories."

Accelerated by contamination

With its single, precisely defined and isolated active site, the nickel-based catalyst possesses unprecedented activity and stability. The catalyst is so thermally and chemically stable, in fact, that it maintains control even when exposed to contaminants like PVC. Used in pipes, flooring and medical devices, PVC is visually similar to other types of plastics but significantly less stable upon heating. Upon decomposition, PVC releases hydrogen chloride gas, a highly corrosive byproduct that typically deactivates catalysts and disrupts the recycling process.

Amazingly, not only did Northwestern's catalyst withstand PVC contamination, PVC actually accelerated its activity. Even when the total weight of the waste mixture is made up of 25% PVC, the scientists found their catalyst still worked with improved performance. This unexpected result suggests the team's method might overcome one of the biggest hurdles in mixed plastic recycling -- breaking down waste currently deemed "unrecyclable" due to PVC contamination. The catalyst also can be regenerated over multiple cycles through a simple treatment with inexpensive alkylaluminium.

"Adding PVC to a recycling mixture has always been forbidden," Kratish said. "But apparently, it makes our process even better. That is crazy. It's definitely not something anybody expected."

The study, "Stable single-site organo-Ni catalyst preferentially hydrogenolyzes branched polyolefin C-C bonds," was supported by the U.S. Department of Energy (award number DE-SC0024448) and The Dow Chemical Company.
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Distant suns covered in dark spots could shape the search for life | ScienceDaily
Scientists have devised a new method for mapping the spottiness of distant stars by using observations from NASA missions of orbiting planets crossing their stars' faces. The model builds on a technique researchers have used for decades to study star spots.


						
By improving astronomers' understanding of spotty stars, the new model -- called StarryStarryProcess -- can help discover more about planetary atmospheres and potential habitability using data from telescopes like NASA's upcoming Pandora mission.

"Many of the models researchers use to analyze data from exoplanets, or worlds beyond our solar system, assume that stars are uniformly bright disks," said Sabina Sagynbayeva, a graduate student at Stony Brook University in New York. "But we know just by looking at our own Sun that stars are more complicated than that. Modeling complexity can be difficult, but our approach gives astronomers an idea of how many spots a star might have, where they are located, and how bright or dark they are."

A paper describing StarryStarryProcess, led by Sagynbayeva, published on August 25, in The Astrophysical Journal.

NASA's TESS (Transiting Exoplanet Survey Satellite) and now-retired Kepler Space Telescope were designed to identify planets using transits, dips in stellar brightness caused when a planet passes in front of its star.

These measurements reveal how the star's light varies with time during each transit, and astronomers can arrange them in a plot astronomers call a light curve. Typically, a transit light curve traces a smooth sweep down as the planet starts passing in front of the star's face. It reaches a minimum brightness when the world is fully in front of the star and then rises smoothly as the planet exits and the transit ends.

By measuring the time between transits, scientists can determine how far the planet lies from its star and estimate its surface temperature. The amount of missing light from the star during a transit can reveal the planet's size, which can hint at its composition.




Every now and then, though, a planet's light curve appears more complicated, with smaller dips and peaks added to the main arc. Scientists think these represent dark surface features akin to sunspots seen on our own Sun -- star spots.

The Sun's total number of sunspots varies as it goes through its 11-year solar cycle. Scientists use them to determine and predict the progress of that cycle as well as outbreaks of solar activity that could affect us here on Earth.

Similarly, star spots are cool, dark, temporary patches on a stellar surface whose sizes and numbers change over time. Their variability impacts what astronomers can learn about transiting planets.

Scientists have previously analyzed transit light curves from exoplanets and their host stars to look at the smaller dips and peaks. This helps determine the host star's properties, such as its overall level of spottiness, inclination angle of the planet's orbit, the tilt of the star's spin compared to our line of sight, and other factors. Sagynbayeva's model uses light curves that include not only transit information, but also the rotation of the star itself to provide even more detailed information about these stellar properties.

"Knowing more about the star in turn helps us learn even more about the planet, like a feedback loop," said co-author Brett Morris, a senior software engineer at the Space Telescope Science Institute in Baltimore. "For example, at cool enough temperatures, stars can have water vapor in their atmospheres. If we want to look for water in the atmospheres of planets around those stars -- a key indicator of habitability -- we better be very sure that we're not confusing the two."

To test their model, Sagynbayeva and her team looked at transits from a planet called TOI 3884 b, located around 141 light-years away in the northern constellation Virgo.




Discovered by TESS in 2022, astronomers think the planet is a gas giant about five times bigger than Earth and 32 times its mass.

The StarryStarryProcess analysis suggests that the planet's cool, dim star -- called TOI 3384 -- has concentrations of spots at its north pole, which also tips toward Earth so that the planet passes over the pole from our perspective.

Currently, the only available data sets that can be fit by Sagynbayeva's model are in visible light, which excludes infrared observations taken by NASA's James Webb Space Telescope. But NASA's upcoming Pandora mission will benefit from tools like this one. Pandora, a small satellite developed through NASA's Astrophysics Pioneers Program, will study the atmospheres of exoplanets and the activity of their host stars with long-duration multiwavelength observations. The Pandora mission's goal is to determine how the properties of a star's light differs when it passes through a planet's atmosphere so scientists can better measure those atmospheres using Webb and other missions.

"The TESS satellite has discovered thousands of planets since it launched in 2018," said Allison Youngblood, TESS project scientist at NASA's Goddard Space Flight Center in Greenbelt, Maryland. "While Pandora will study about 20 worlds, it will advance our ability to pick out which signals come from stars and which come from planets. The more we understand the individual parts of a planetary system, the better we understand the whole -- and our own."
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NASA's SPHEREx Captures Comet 3I/ATLAS, a Visitor From Beyond the Solar System | ScienceDaily

									NASA. "NASA's SPHEREx Captures Comet 3I/ATLAS, a Visitor From Beyond the Solar System." ScienceDaily. ScienceDaily, 2 September 2025. <www.sciencedaily.com/releases/2025/09/250902084959.htm>.

									NASA. (2025, September 2). NASA's SPHEREx Captures Comet 3I/ATLAS, a Visitor From Beyond the Solar System. ScienceDaily. Retrieved September 2, 2025 from www.sciencedaily.com/releases/2025/09/250902084959.htm

									NASA. "NASA's SPHEREx Captures Comet 3I/ATLAS, a Visitor From Beyond the Solar System." ScienceDaily. www.sciencedaily.com/releases/2025/09/250902084959.htm (accessed September 2, 2025).
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					Webb, Hubble, and SPHEREx are joining forces to study the interstellar comet 3I/ATLAS, revealing details about its structure and chemistry. The comet isn't dangerous, but it's offering scientists a rare chance to explore material from outside our solar system.
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[image: Webb Observes Interstellar Comet 3I/ATLAS]
 NASA's James Webb Space Telescope has captured detailed observations of interstellar comet 3I/ATLAS, working in tandem with other missions like Hubble and SPHEREx to uncover the comet's size, makeup, and physical traits. Credit: NASA/James Webb Space Telescope

 





						NASA's James Webb Space Telescope observed interstellar comet 3I/ATLAS Aug. 6, with its Near-Infrared Spectrograph instrument. The research team has been analyzing insights from Webb's data, and a preprint is available online. Webb is one of NASA's space telescopes observing this comet, together providing more information about its size, physical properties, and chemical makeup. For example, NASA's Hubble Space Telescope and the recently launched SPHEREx mission have also observed the comet. While the comet poses no threat to Earth, NASA's space telescopes help support the agency's ongoing mission to find, track, and better understand solar system objects.
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Strange "heavy" electrons could be the future of quantum computing | ScienceDaily
Osaka, Japan -- A joint research team from Japan has observed "heavy fermions," electrons with dramatically enhanced mass, exhibiting quantum entanglement governed by the Planckian time - the fundamental unit of time in quantum mechanics. This discovery opens up exciting possibilities for harnessing this phenomenon in solid-state materials to develop a new type of quantum computer.


						
Heavy fermions arise when conduction electrons in a solid interact strongly with localized magnetic electrons, effectively increasing their mass. This phenomenon leads to unusual properties like unconventional superconductivity and is a central theme in condensed matter physics. Cerium-Rhodium-Tin (CeRhSn), the material studied in this research, belongs to a class of heavy fermion systems with a quasi-kagome lattice structure, known for its geometrical frustration effects.

Researchers investigated the electronic state of CeRhSn, known for exhibiting non-Fermi liquid behavior at relatively high temperatures. Precise measurements of CeRhSn's reflectance spectra revealed non-Fermi liquid behavior persisting up to near room temperature, with heavy electron lifetimes approaching the Planckian limit. The observed spectral behavior, describable by a single function, strongly indicates that heavy electrons in CeRhSn are quantum entangled.

Dr. Shin-ichi Kimura of The University of Osaka, who led the research, explains, "Our findings demonstrate that heavy fermions in this quantum critical state are indeed entangled, and this entanglement is controlled by the Planckian time. This direct observation is a significant step towards understanding the complex interplay between quantum entanglement and heavy fermion behavior."

Quantum entanglement is a key resource for quantum computing, and the ability to control and manipulate it in solid-state materials like CeRhSn offers a potential pathway towards novel quantum computing architectures. The Planckian time limit observed in this study provides crucial information for designing such systems. Further research into these entangled states could revolutionize quantum information processing and unlock new possibilities in quantum technologies. This discovery not only advances our understanding of strongly correlated electron systems but also paves the way for potential applications in next-generation quantum technologies.
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Scientists stunned by the Universe's first known black hole | ScienceDaily
An international team of astronomers, led by The University of Texas at Austin's Cosmic Frontier Center, has identified the most distant black hole ever confirmed. It and the galaxy it calls home, CAPERS-LRD-z9, are present 500 million years after the Big Bang. That places it 13.3 billion years into the past, when our universe was just 3% of its current age. As such, it provides a unique opportunity to study the structure and evolution of this enigmatic period.


						
"When looking for black holes, this is about as far back as you can practically go. We're really pushing the boundaries of what current technology can detect," said Anthony Taylor, a postdoctoral researcher at the Cosmic Frontier Center and lead on the team that made the discovery. Their research was published Aug. 6 in the Astrophysical Journal.

"While astronomers have found a few, more distant candidates," added Steven Finkelstein, a co-author on the paper and director of the Cosmic Frontier Center, "they have yet to find the distinct spectroscopic signature associated with a black hole."

With spectroscopy, astronomers split light into its many wavelengths to study an object's characteristics. To identify black holes, they search for evidence of fast-moving gas. As it circles and falls into a black hole, the light from gas moving away from us is stretched into much redder wavelengths, and light from gas moving toward us is compressed into much bluer wavelengths. "There aren't many other things that create this signature," explained Taylor. "And this galaxy has it!"

The team used data from the James Webb Space Telescope's CAPERS (CANDELS-Area Prism Epoch of Reionization Survey) program for its search. Launched in 2021, JWST provides the most far-reaching views into space available, and CAPERS provides observations of the outermost edge.

"The first goal of CAPERS is to confirm and study the most distant galaxies," said Mark Dickinson, a co-author on the paper and the CAPERS team lead. "JWST spectroscopy is the key to confirming their distances and understanding their physical properties."

Initially seen as an interesting speck in the program's imagery, CAPERS-LRD-z9 turned out to be part of a new class of galaxies known as "Little Red Dots." Present only in the first 1.5 billion years of the universe, these galaxies are very compact, red, and unexpectedly bright.




"The discovery of Little Red Dots was a major surprise from early JWST data, as they looked nothing like galaxies seen with the Hubble Space Telescope," explained Finkelstein. "Now, we're in the process of figuring out what they're like and how they came to be."

CAPERS-LRD-z9 may help astronomers do just that.

For one, this galaxy adds to mounting evidence that supermassive black holes are the source of the unexpected brightness in Little Red Dots. Usually, that brightness would indicate an abundance of stars in a galaxy. However, Little Red Dots exist at a time when such a large mass of stars is unlikely.

On the other hand, black holes also shine brightly. That's because they compress and heat the materials they're consuming, creating tremendous light and energy. By confirming the existence of one in CAPERS-LRD-z9, astronomers have found a striking example of this connection in Little Red Dots.

The newfound galaxy may also help answer what causes the distinct red color in Little Red Dots. That may be thanks to a thick cloud of gas surrounding the black hole, skewing its light into redder wavelengths as it passes through. "We've seen these clouds in other galaxies," explained Taylor. "When we compared this object to those other sources, it was a dead ringer."

This galaxy is also notable for how colossal its black hole is. Estimated as up to 300 million times that of our sun, its mass measures up to half that of all the stars in its galaxy. Even among supermassive black holes, this is particularly big.

Finding such a massive black hole so early on provides astronomers a valuable opportunity to study how these objects developed. A black hole present in the later universe will have had diverse opportunities to bulk up during its lifetime. But one present in the first few hundred million years wouldn't. "This adds to growing evidence that early black holes grew much faster than we thought possible," said Finkelstein. "Or they started out far more massive than our models predict."

To continue their research on CAPERS-LRD-z9, the team hopes to gather more, higher-resolution observations using JWST. This could provide greater insight into it and the role black holes played in the development of Little Red Dots. "This is a good test object for us," said Taylor. "We haven't been able to study early black hole evolution until recently, and we are excited to see what we can learn from this unique object."

Additional data for research came from the Dark Energy Spectroscopic Instrument (DESI) at Kitt Peak National Observatory, a program of NSF NOIRLab.
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NASA's x-ray telescope finds bizarre features in a cosmic hand | ScienceDaily
In 2009, NASA's Chandra X-ray Observatory released a captivating image: a pulsar and its surrounding nebula that is shaped like a hand.


						i>    
	X-rays from Chandra have been combined with radio data obtained by the Australian Telescope Compact Array to reveal new structures.
    	At the center of this image is a pulsar, a rapidly spinning neutron star, which is responsible for creating the nebula.
    	This system was created when a massive star collapsed and exploded after it burned through its sustainable nuclear fuel.
In 2009, NASA's Chandra X-ray Observatory released a captivating image: a pulsar and its surrounding nebula that is shaped like a hand.

Since then, astronomers have used Chandra and other telescopes to continue to observe this object. Now, new radio data from the Australia Telescope Compact Array (ATCA), has been combined with Chandra's X-ray data to provide a fresh view of this exploded star and its environment, to help understand its peculiar properties and shape.

At the center of this new image lies the pulsar B1509-58, a rapidly spinning neutron star that is only about 12 miles in diameter. This tiny object is responsible for producing an intricate nebula (called MSH 15-52) that spans over 150 light-years, or about 900 trillion miles. The nebula, which is produced by energetic particles, resembles a human hand with a palm and extended fingers pointing to the upper right in X-rays.

The collapse of a massive star created the pulsar when much of the star crashed inward once it burned through its sustainable nuclear fuel. An ensuing explosion sent the star's outer layers outward into space as a supernova.

The pulsar spins around almost seven times every second and has a strong magnetic field, about 15 trillion times stronger than the Earth's. The rapid rotation and strong magnetic field make B1509-58 one of the most powerful electromagnetic generators in the Galaxy, enabling it to drive an energetic wind of electrons and other particles away from the pulsar, creating the nebula.

In this new composite image, the ATCA radio data (represented in red) has been combined with X-rays from Chandra (shown in blue, orange and yellow), along with an optical image of hydrogen gas (gold). The areas of overlap between the X-ray and radio data in MSH 15-52 show as purple. The optical image shows stars in the field of view along with parts of the supernova's debris, the supernova remnant RCW 89.




Radio data from ATCA now reveals complex filaments that are aligned with the directions of the nebula's magnetic field, shown by the short, straight, white lines in a supplementary image. These filaments could result from the collision of the pulsar's particle wind with the supernova's debris.

By comparing the radio and X-ray data, researchers identified key differences between the sources of the two types of light. In particular, some prominent X-ray features, including the jet towards the bottom of the image and the inner parts of the three "fingers" towards the top, are not detected in radio waves. This suggests that highly energetic particles are leaking out from a shock wave -- similar to a supersonic plane's sonic boom -- near the pulsar and moving along magnetic field lines to create the fingers.

The radio data also shows that RCW 89's structure is different from typical young supernova remnants. Much of the radio emission is patchy and closely matches clumps of X-ray and optical emission. It also extends well beyond the X-ray emission. All of these characteristics support the idea that RCW 89 is colliding with a dense cloud of nearby hydrogen gas.

However, the researchers do not fully understand all that the data is showing them. One area that is perplexing is the sharp boundary of X-ray emission in the upper right of the image that seems to be the blast wave from the supernova -- see the labeled feature. Supernova blast waves are usually bright in radio waves for young supernova remnants like RCW 89, so it is surprising to researchers that there is no radio signal at the X-ray boundary.

MSH 15-52 and RCW 89 show many unique features not found in other young sources. There are, however, still many open questions regarding the formation and evolution of these structures. Further work is needed to provide better understanding of the complex interplay between the pulsar wind and the supernova debris.

A paper describing this work, led by Shumeng Zhang of the University of Hong Kong, with co-authors Stephen C.Y. Ng of the University of Hong Kong and Niccolo' Bucciantini of the Italian National Institute for Astrophysics, has been published in The Astrophysical Journal.

NASA's Marshall Space Flight Center in Huntsville, Alabama, manages the Chandra program. The Smithsonian Astrophysical Observatory's Chandra X-ray Center controls science operations from Cambridge, Massachusetts, and flight operations from Burlington, Massachusetts.
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Dark matter could be turning giant planets into black holes | ScienceDaily
More than 5,000 planets have been discovered beyond our solar system, allowing scientists to explore planetary evolution and consider the possibility of extraterrestrial life. Now, a UC Riverside study published in Physical Review D suggests that these "exoplanets" could also serve as tools to investigate dark matter.


						
The researchers examined how dark matter, which makes up 85% of the universe's matter, might affect Jupiter-sized exoplanets over long periods of time. Their theoretical calculations suggest dark matter particles could gradually collect in the cores of these planets. Although dark matter has never been detected in laboratories, physicists are confident it exists.

"If the dark matter particles are heavy enough and don't annihilate, they may eventually collapse into a tiny black hole," said paper first author Mehrdad Phoroutan-Mehr, a graduate student in the Department of Physics and Astronomy who works with Hai-Bo Yu, a professor of physics and astronomy. "This black hole could then grow and consume the entire planet, turning it into a black hole with the same mass as the original planet. This outcome is only possible under the superheavy non-annihilating dark matter model."

According to the superheavy non-annihilating dark matter model, dark matter particles are extremely massive and do not destroy each other when they interact. The researchers focused on this model to show how superheavy dark matter particles are captured by exoplanets, lose energy, and drift toward their cores. There, they accumulate and collapse into black holes.

"In gaseous exoplanets of various sizes, temperatures, and densities, black holes could form on observable timescales, potentially even generating multiple black holes in a single exoplanet's lifetime," Phoroutan-Mehr said. "These results show how exoplanet surveys could be used to hunt for superheavy dark matter particles, especially in regions hypothesized to be rich in dark matter like our Milky Way's galactic center."

Phoroutan-Mehr was joined in the study by Tara Fetherolf, a postdoctoral researcher in the Department of Earth and Planetary Sciences.

Phoroutan-Mehr explained that, so far, astronomers have only detected black holes with masses greater than our sun. He said most existing theories suggest that black holes must be at least that massive.




"Discovering a black hole with the mass of a planet would be a major breakthrough," he added. "It would support the thesis of our paper and offer an alternative to the commonly accepted theory that planet-sized black holes could only form in the early universe."

According to Phoroutan-Mehr, exoplanets have not been used much in dark matter research largely because scientists did not have enough data about them.

"But in recent years, our knowledge of exoplanets has expanded dramatically, and several upcoming space missions will provide even more detailed observations," he said. "With this growing body of data, exoplanets can be used to test and challenge different dark matter models."

Phoroutan-Mehr said in the past scientists investigated dark matter by observing objects like the sun, neutron stars, and white dwarfs, since different models of dark matter can affect these objects in different ways. For example, some models suggest that dark matter can heat up neutron stars.

"So, if we were to observe an old and cold neutron star, it could rule out certain properties of dark matter, since dark matter is theoretically expected to heat them up," he said.

He added that many exoplanets (and Jupiter in our solar system) not having collapsed into black holes can help scientists rule out or refine dark matter models such as the superheavy non-annihilating dark matter model.




"If astronomers were to discover a population of planet-sized black holes, it could offer strong evidence in favor of the superheavy non-annihilating dark matter model," Phoroutan-Mehr said. "As we continue to collect more data and examine individual planets in more detail, exoplanets may offer crucial insights into the nature of dark matter."

Phoroutan-Mehr noted that another possible effect of dark matter on exoplanets -- and possibly on planets in our solar system -- is that it could heat them or cause them to emit high-energy radiation.

"Today's instruments aren't sensitive enough to detect these signals," he said. "Future telescopes and space missions may be able to pick them up."

The title of the paper is "Probing Superheavy Dark Matter With Exoplanets."
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NASA finds Titan's alien lakes may be creating primitive cells | ScienceDaily
NASA research has shown that cell-like compartments called vesicles could form naturally in the lakes of Saturn's moon Titan.


						
Titan is the only world apart from Earth that is known to have liquid on its surface. However, Titan's lakes and seas are not filled with water. Instead, they contain liquid hydrocarbons like ethane and methane.

On Earth, liquid water is thought to have been essential for the origin of life as we know it. Many astrobiologists have wondered whether Titan's liquids could also provide an environment for the formation of the molecules required for life - either as we know it or perhaps as we don't know it - to take hold there.

New NASA research, published in the International Journal of Astrobiology, outlines a process by which stable vesicles might form on Titan, based on our current knowledge of the moon's atmosphere and chemistry. The formation of such compartments is an important step in making the precursors of living cells (or protocells).

The process involves molecules called amphiphiles, which can self-organize into vesicles under the right conditions. On Earth, these polar molecules have two parts, a hydrophobic (water-fearing) end and a hydrophilic (water-loving) end. When they are in water, groups of these molecules can bunch together and form ball-like spheres, like soap bubbles, where the hydrophilic part of the molecule faces outward to interact with the water, thereby 'protecting' the hydrophobic part on the inside of the sphere. Under the right conditions, two layers can form creating a cell-like ball with a bilayer membrane that encapsulates a pocket of water on the inside.

When considering vesicle formation on Titan, however, the researchers had to take into account an environment vastly different from the early Earth.

Uncovering Conditions on Titan 

Titan is Saturn's largest moon and the second largest in our solar system. Titan is also the only moon in our solar system with a substantial atmosphere.




The hazy, golden atmosphere of Titan kept the moon shrouded in mystery for much of human history. However, when NASA's Cassini spacecraft arrived at Saturn in 2004, our views of Titan changed forever.

Thanks to Cassini, we now know Titan has a complex meteorological cycle that actively influences the surface today. Most of Titan's atmosphere is nitrogen, but there is also a significant amount of methane (CH4). This methane forms clouds and rain, which falls to the surface to cause erosion and river channels, filling up the lakes and seas. This liquid then evaporates in sunlight to form clouds once again.

This atmospheric activity also allows for complex chemistry to happen. Energy from the Sun breaks apart molecules like methane, and the pieces then reform into complex organic molecules. Many astrobiologists believe that this chemistry could teach us how the molecules necessary for the origin of life formed and evolved on the early Earth.

Building Vesicles on Titan 

The new study considered how vesicles might form in the freezing conditions of Titan's hydrocarbon lakes and seas by focusing on sea-spray droplets, thrown upwards by splashing raindrops. On Titan, both spray droplets and the sea surface could be coated in layers of amphiphiles. If a droplet then lands on the surface of a pond, the two layers of amphiphiles meet to form a double-layered (or bilayer) vesicle, enclosing the original droplet. Over time, many of these vesicles would be dispersed throughout the pond and would interact and compete in an evolutionary process that could lead to primitive protocells.

If the proposed pathway is happening, it would increase our understanding of the conditions in which life might be able to form.

"The existence of any vesicles on Titan would demonstrate an increase in order and complexity, which are conditions necessary for the origin of life," explains Conor Nixon of NASA's Goddard Space Flight Center in Greenbelt, Maryland. "We're excited about these new ideas because they can open up new directions in Titan research and may change how we search for life on Titan in the future."

NASA's first mission to Titan is the upcoming Dragonfly rotorcraft, which will explore the surface of the Saturnian moon. While Titan's lakes and seas are not a destination for Dragonfly (and the mission won't carry the light-scattering instrument required to detect such vesicles), the mission will fly from location to location to study the moon's surface composition, make atmospheric and geophysical measurements, and characterize the habitability of Titan's environment.
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        Panama's ocean lifeline vanishes for the first time in 40 years
        Every year, Panama's Pacific coast benefits from powerful seasonal winds that drive nutrient-rich waters to the surface, sustaining fisheries and protecting coral reefs. But in 2025, for the first time in at least four decades, this crucial upwelling did not occur. Scientists suspect weakened trade winds linked to climate disruption played a role, leaving cooler waters absent and fisheries under stress.

      

      
        Earth's safe zones are vanishing fast
        A sweeping new study reveals that humanity has already pushed 60% of Earth's land outside its safe biosphere zone, with 38% in a high-risk state. By analyzing centuries of data, researchers mapped how human demands on biomass--from farming to energy production--have destabilized ecosystems worldwide. Europe, Asia, and North America show the deepest disruptions, reflecting centuries of land-use change.

      

      
        Satellites confirm 1990s sea-level predictions were shockingly accurate
        Satellite data reveals sea-level rise has unfolded almost exactly as predicted by 1990s climate models, with one key underestimation: melting ice sheets. Researchers stress the importance of refining local projections as seas continue to rise faster than before.

      

      
        Baby pterosaurs died in ancient storms--and their fossils reveal the truth
        Two tiny pterosaurs, preserved for 150 million years, have revealed a surprising cause of death: violent storms. Researchers at the University of Leicester discovered both hatchlings, nicknamed Lucky and Lucky II, with broken wings--injuries consistent with being tossed through the air by powerful gusts. These storms not only claimed their lives but also created the rare conditions that preserved them so perfectly in the Solnhofen limestones.

      

      
        Scientists made plastic that eats carbon
        A team of chemists has discovered how to transform PET plastic waste into BAETA, a material that captures CO2 with remarkable efficiency. Instead of ending up as microplastics in the environment, discarded bottles and textiles could become tools to combat climate change. The method is energy-friendly, scalable, and potentially lucrative, offering industries both sustainability and practicality.

      

      
        Ghost sharks grow teeth on their heads to mate
        Ghost sharks have evolved rows of true teeth on a bizarre forehead rod used for mating. Fossil and genetic evidence revealed the tenaculum's teeth develop the same way as those inside the mouth, offering a striking example of evolution's ability to repurpose biological tools.

      

      
        Oceans could reach a dangerous tipping point by 2050
        UC Santa Barbara researchers project that human impacts on oceans will double by 2050, with warming seas and fisheries collapse leading the charge. The tropics and poles face the fastest changes, and coastal regions will be hardest hit, threatening food and livelihoods worldwide.

      

      
        Even the toughest corals are shrinking in warming seas
        Scientists found that Red Sea corals can endure warming seas but grow much smaller and weaken under long-term heat stress. Though recovery is possible in cooler months, rising global temperatures may outpace their resilience, endangering reefs and the people who depend on them.

      

      
        Seagrass found to be a powerful carbon sponge with a surprising weakness
        Seagrass, a vital coastal ecosystem, may be one of the planet's best natural carbon sponges--but its fate depends on how we manage nutrients like nitrogen and phosphorus. While moderate nutrient input can supercharge seagrass growth and boost carbon storage, too much--especially nitrogen--fuels phytoplankton that block sunlight and devastate seagrass beds.

      

      
        Woolly mammoth teeth reveal the world's oldest microbial DNA
        Scientists have uncovered microbial DNA preserved in mammoth remains dating back more than one million years, revealing the oldest host-associated microbial DNA ever recovered. By sequencing nearly 500 specimens, the team identified ancient bacterial lineages--including some linked to modern elephant diseases--that coexisted with mammoths for hundreds of thousands of years. These discoveries shed light on the deep evolutionary history of microbes, their role in megafaunal health, and how they may h...

      

      
        Earth's inner core exists only because of carbon
        New research reveals that carbon made it possible for Earth's molten core to freeze into a solid heart, stabilizing the magnetic field that protects our planet. Without it, Earth's deep interior -- and life above -- might look very different.

      

      
        Fossil reveals a 310-million-year-old fish that ate with a hidden second jaw
        Scientists uncovered a 310-million-year-old fish fossil with a "tongue bite," teeth on the roof and floor of its mouth that worked like a second jaw. This adaptation, previously thought to have appeared much later, shows how fish rapidly experimented with new feeding strategies after mass extinction.

      

      
        Scientists create biodegradable plastic stronger than PET
        A Japanese research team successfully harnessed E. coli to produce PDCA, a strong, biodegradable plastic alternative. Their method avoids toxic byproducts and achieves record production levels, overcoming key roadblocks with creative fixes.

      

      
        A tiny embryo fold changed the course of evolution
        A small tissue fold in fly embryos, once thought purposeless, plays a vital role in stabilizing tissues. Researchers show that it absorbs stress during early development, and its position and timing likely shaped its evolutionary emergence.

      

      
        The flawed carbon math that lets major polluters off the hook
        Past climate assessments let big polluters delay action, placing more burden on smaller nations. A new method based on historical responsibility demands steep cuts from wealthy countries and more financial support for poorer ones. Courts are now stepping in, making climate justice not just political but also legal.

      

      
        A simple metal could solve the world's plastic recycling problem
        Scientists at Northwestern University have developed a groundbreaking nickel-based catalyst that could transform the way the world recycles plastic. Instead of requiring tedious sorting, the catalyst selectively breaks down stubborn polyolefin plastics--the single-use materials that make up much of our daily waste--into valuable oils, waxes, fuels, and more.

      

      
        Central Asia's last stable glaciers just started to collapse
        Snowfall shortages are now destabilizing some of the world's last resilient glaciers, as shown by a new study in Tajikistan's Pamir Mountains. Using a monitoring station on Kyzylsu Glacier, researchers discovered that stability ended around 2018, when snowfall declined sharply and melt accelerated. The work sheds light on the Pamir-Karakoram Anomaly, where glaciers had resisted climate change longer than expected.

      

      
        Mysterious bone disease ravaged Brazil's giant dinosaurs
        Fossilized bones in Brazil reveal that deadly infections plagued sauropods 80 million years ago. Researchers uncovered unhealed lesions consistent with osteomyelitis, pointing to pathogens spread through stagnant waters or insect bites.

      

      
        NASA finds Titan's alien lakes may be creating primitive cells
        Saturn's moon Titan may be more alive with possibilities than we thought. New NASA research suggests that in Titan's freezing methane and ethane lakes, simple molecules could naturally arrange themselves into vesicles--tiny bubble-like structures that mimic the first steps toward life. These compartments, born from splashing droplets and complex chemistry in Titan's atmosphere, could act like primitive cell walls.

      

      
        Scientists fear the Atlantic's great ocean conveyor could shut down
        A new study projects that the Atlantic Meridional Overturning Circulation (AMOC)--the system of currents that includes the Gulf Stream--could shut down after 2100 under high-emission scenarios. This shutdown would drastically reduce heat transport northward, leaving Europe vulnerable to extreme winters, summers of drying, and shifts in tropical rainfall. Climate models show the tipping point is linked to collapsing winter convection in the North Atlantic, which weakens vertical mixing and creates a...

      

      
        A monster seaweed bloom is taking over the Atlantic
        Sargassum has escaped the Sargasso Sea and exploded across the Atlantic, forming the massive Great Atlantic Sargassum Belt. Fueled by nutrient runoff, Amazon outflows, and climate events, these blooms now reshape ecosystems, economies, and coastlines on a staggering scale.
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Panama's ocean lifeline vanishes for the first time in 40 years | ScienceDaily
During the dry season in Central America (generally between December and April), northern trade winds generate upwelling events in the ocean waters of the Gulf of Panama. Upwelling is a process that allows cold, nutrient-rich waters from the depths of the ocean to rise to the surface. This dynamic supports highly productive fisheries and helps protect coral reefs from thermal stress. Thanks to this movement of water, the sea along Panama's Pacific beaches remains cooler during the "summer" vacation season.


						
Scientists from the Smithsonian Tropical Research Institute (STRI) have studied this phenomenon and their records show that this seasonal upwelling, which occurs from January to April, has been a consistent and predictable feature of the gulf for at least 40 years. However, researchers recently recorded that in 2025, this vital oceanographic process did not occur for the first time. As a result, the typical drops in temperature and spikes in productivity during this time of year were diminished. In the recently published article in the journal PNAS, scientists suggest that a significant reduction in wind patterns was the cause of this unprecedented event, revealing how climate disruption can quickly alter fundamental oceanic processes that have sustained coastal fishing communities for thousands of years. Still, further research is needed to determine a more precise cause and its potential consequences for fisheries.

This finding highlights the growing vulnerability of tropical upwelling systems, which, despite their enormous ecological and socioeconomic importance, remain poorly monitored. It also underscores the urgency of strengthening ocean-climate observation and prediction capabilities in the planet's tropical regions.

This result marks one of the first major outcomes of the collaboration between the S/Y Eugen Seibold research vessel from the Max Planck Institute and STRI.
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Earth's safe zones are vanishing fast | ScienceDaily
A new study maps the planetary boundary of "functional biosphere integrity" in spatial detail and over centuries. It finds that 60 percent of global land areas are now already outside the locally defined safe zone, and 38 percent are even in the high-risk zone. The study was led by the Potsdam Institute for Climate Impact Research (PIK) together with BOKU University in Vienna and published in the renowned journal One Earth.


						
Functional biosphere integrity refers to the plant world's ability to co-regulate the state of the Earth system. This requires that the plant world is able to acquire enough energy through photosynthesis to maintain the material flows of carbon, water and nitrogen that support the ecosystems and their many networked processes, despite today's massive human interference. Together with biodiversity loss and climate change, functional integrity forms the core of the Planetary Boundaries analytical framework for a safe operating space for humanity.

"There is an enormous need for civilization to utilize the biosphere - for food, raw materials and, in future, also for climate protection," says Fabian Stenzel, lead author of the study and member of the PIK research group Terrestrial Safe Operating Space. "After all, human demand for biomass continues to grow - and on top of that, the cultivation of fast-growing grasses or trees for producing bioenergy with carbon capture and storage is considered by many to be an important supporting strategy for stabilizing climate. It is therefore becoming even more important to quantify the strain we're already putting on the biosphere - in a regionally differentiated manner and over time - to identify overloads. Our research is paving the way for this."

Two indicators to measure the strain and the risk

The study builds on the latest update of the Planetary Boundaries framework published in 2023. "The framework now squarely puts energy flows from photosynthesis in the world's vegetation at the center of those processes that co-regulate planetary stability," explains Wolfgang Lucht, head of PIK's Earth System Analysis department and coordinator of the study. "These energy flows drive all of life - but humans are now diverting a sizeable fraction of them to their own purposes, disturbing nature's dynamic processes."

The stress this causes in the Earth system can be measured by the proportion of natural biomass productivity that humanity channels into its own uses - through harvested crops, residues and timber - but also the reduction in photosynthetic activity caused by land cultivation and sealing. The study added to this measure a second powerful indicator of biosphere integrity: An indicator of risk of ecosystem destabilization records complex structural changes in vegetation and in the biosphere's water, carbon and nitrogen balances.

Europe, Asia and North America particularly affected

Based on the global biosphere model LPJmL, which simulates water, carbon and nitrogen flows on a daily basis at a resolution of half a degree of longitude/latitude, the study provides a detailed inventory for each individual year since the 1600, based on changes in climate and human land use. The research team not only computed, mapped and compared the two indicators for functional integrity of the biosphere, but also evaluated them by conducting a mathematical comparison with other measures from the literature for which "critical thresholds" are known. This resulted in each area being assigned a status based on local tolerance limits of ecosystem change: Safe Operating Space, Zone of Increasing Risk or High Risk Zone.




The model calculation shows that worrying developments began as early as 1600 in the mid- latitudes. By 1900, the proportion of global land area where ecosystem changes went beyond the locally defined safe zone, or were even in the high-risk zone, was 37 and 14 percent respectively, compared to the 60 and 38 percent we see today. Industrialization was beginning to take its toll; land use affected the state of the Earth system much earlier than climate warming. At present, this biosphere boundary has been transgressed on almost all land surface - primarily in Europe, Asia and North America - that underwent strong land cover conversion, mainly due to agriculture.

PIK Director Rockstrom: Impetus for international climate policy

"This first world map showing the overshoot of the boundary for functional integrity of the biosphere, depicting both human appropriation of biomass and ecological disruption, is a breakthrough from a scientific perspective, offering a better overall understanding of planetary boundaries," says Johan Rockstrom, PIK Director and one of the co-authors of the study. "It also provides an important impetus for the further development of international climate policy. This is because it points to the link between biomass and natural carbon sinks, and how they can contribute to mitigating climate change. Governments must treat it as a single overarching issue: comprehensive biosphere protection together with strong climate action."
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Satellites confirm 1990s sea-level predictions were shockingly accurate | ScienceDaily
Global sea-level change has now been measured by satellites for more than 30 years, and a comparison with climate projections from the mid-1990s shows that they were remarkably accurate, according to two Tulane University researchers whose findings were published in Earth's Future, an open-access journal published by the American Geophysical Union.


						
"The ultimate test of climate projections is to compare them with what has played out since they were made, but this requires patience - it takes decades of observations," said lead author Torbjorn Tornqvist, Vokes Geology Professor in the Department of Earth and Environmental Sciences.

"We were quite amazed how good those early projections were, especially when you think about how crude the models were back then, compared to what is available now," Tornqvist said. "For anyone who questions the role of humans in changing our climate, here is some of the best proof that we have understood for decades what is really happening, and that we can make credible projections."

Co-author Sonke Dangendorf, David and Jane Flowerree Associate Professor in the Department of River-Coastal Science and Engineering, said that while it is encouraging to see the quality of early projections, today's challenge is to translate global information into projections tailored to the specific needs of stakeholders in places like south Louisiana.

"Sea level doesn't rise uniformly - it varies widely. Our recent study of this regional variability and the processes behind it relies heavily on data from NASA's satellite missions and NOAA's ocean monitoring programs," he said. "Continuing these efforts is more important than ever, and essential for informed decision-making to benefit the people living along the coast."

A new era of monitoring global sea-level change took off when satellites were launched in the early 1990s to measure the height of the ocean surface. This showed that the rate of global sea-level rise since that time has averaged about one eighth of an inch per year. Only more recently, it became possible to detect that the rate of global sea-level rise is accelerating.

When NASA researchers demonstrated in October 2024 that the rate has doubled during this 30-year period, the time was right to compare this finding with projections that were made during the mid-1990s, independent of the satellite measurements.




In 1996, the Intergovernmental Panel on Climate Change published an assessment report soon after the satellite-based sea-level measurements had started. It projected that the most likely amount of global sea-level rise over the next 30 years would be almost 8 cm (three inches), remarkably close to the 9 cm that has occurred. But it also underestimated the role of melting ice sheets by more than 2 cm (about one inch).

At the time, little was known about the role of warming ocean waters and how that could destabilize marine sectors of the Antarctic Ice Sheet from below. Ice flow from the Greenland Ice Sheet into the ocean has also been faster than foreseen.

The past difficulties of predicting the behavior of ice sheets also contain a message for the future. Current projections of future sea-level rise consider the possibility, albeit uncertain and of low likelihood, of catastrophic ice-sheet collapse before the end of this century. Low-lying coastal regions in the United States would be particularly affected if such a collapse occurs in Antarctica.

The paper was co-authored by colleagues from the University of Oslo and NASA's Jet Propulsion Laboratory at Caltech.
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Baby pterosaurs died in ancient storms-and their fossils reveal the truth | ScienceDaily
The cause of death for two baby pterosaurs has been revealed by University of Leicester paleontologists in a post-mortem 150 million years in the making.


						
Detailed in a new study in the journal Current Biology, their findings show how these flying reptiles were tragically struck down by powerful storms that also created the ideal conditions to preserve them and hundreds more fossils like them.

The Mesozoic, or age of reptiles, is often imagined as a time of giants. Towering dinosaurs, monstrous marine reptiles, and vast-winged pterosaurs dominate museum halls and the public consciousness. But this familiar picture is skewed. Just as today's ecosystems are mostly populated by small animals, so too were ancient ones. The difference? Fossilization tends to favor the largest and the most robust organisms. Small, fragile creatures rarely make it into the paleontological record.

On rare occasions, however, nature conspires to preserve the delicate and the diminutive inhabitants of these lost worlds. One of the most famous examples is the 150-million-year-old Solnhofen Limestones of southern Germany. These lagoonal deposits are renowned for their exquisitely preserved fossils, including many specimens of pterosaurs, the flying reptiles of the Mesozoic.

Yet here lies a mystery: while Solnhofen has yielded hundreds of pterosaur fossils, nearly all are very small, very young individuals, perfectly preserved. By contrast, larger, adult pterosaurs are rarely found, and when they are, they're represented only by fragments (often isolated skulls or limbs). This pattern runs counter to expectations: larger, more robust animals should stand a better chance of fossilization than delicate juveniles.

Lead author of the study Rab Smyth, from the University of Leicester's Centre for Palaeobiology and Biosphere Evolution, was funded by the Natural Environment Research Council through the CENTA Doctoral Training Partnership

Rab said: "Pterosaurs had incredibly lightweight skeletons. Hollow, thin-walled bones are ideal for flight but terrible for fossilization. The odds of preserving one are already slim and finding a fossil that tells you how the animal died is even rarer."

The discovery of two baby pterosaurs with broken wings has helped to solve this mystery. These tiny fossils, though easily overlooked, are powerful evidence of ancient tropical storms and how they shaped the fossil record.




Ironically nicknamed Lucky and Lucky II by the researchers, the two individuals belong to Pterodactylus, the first pterosaur ever scientifically named. With wingspans of less than 20 cm (8 inches) these hatchlings are among the smallest of all known pterosaurs. Their skeletons are complete, articulated and virtually unchanged from when they died. Except for one detail. Both show the same unusual injury: a clean, slanted fracture to the humerus. Lucky's left wing and Lucky II's right wing were both broken in a way that suggests a powerful twisting force, likely the result of powerful gusts of wind rather than a collision with a hard surface.

Catastrophically injured, the pterosaurs plunged into the surface of the lagoon, drowning in the storm driven waves and quickly sinking to the seabed where they were rapidly buried by very fine limy muds stirred up by the death storms. This rapid burial allowed for the remarkable preservation seen in their fossils.

Like Lucky I and II, which were only a few days or weeks old when they died, there are many other small, very young pterosaurs in the Solnhofen Limestones, preserved in the same way as the Luckies, but without obvious evidence of skeletal trauma. Unable to resist the strength of storms these young pterosaurs were also flung into the lagoon. This discovery explains why smaller fossils are so well preserved - they were a direct result of storms - a common cause of death for pterosaurs that lived in the region.

Larger, stronger individuals, it seems, were able to weather the storms and rarely followed the Luckies stormy road to death. They did eventually die though but likely floated for days or weeks on the now calm surfaces of the Solnhofen lagoon, occasionally dropping parts of their carcasses into the abyss as they slowly decomposed.

"For centuries, scientists believed that the Solnhofen lagoon ecosystems were dominated by small pterosaurs," said Smyth. "But we now know this view is deeply biased. Many of these pterosaurs weren't native to the lagoon at all. Most are inexperienced juveniles that were likely living on nearby islands that were unfortunately caught up in powerful storms."

Co-author Dr David Unwin from the University of Leicester added: "When Rab spotted Lucky we were very excited but realized that it was a one-off. Was it representative in any way? A year later, when Rab noticed Lucky II we knew that it was no longer a freak find but evidence of how these animals were dying. Later still, when we had a chance to light-up Lucky II with our UV torches, it literally leapt out of the rock at us -- and our hearts stopped. Neither of us will ever forget that moment."

This research was supported by the Central England NERC Training Alliance (CENTA), under grant number NE/S007350/1.
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Scientists made plastic that eats carbon | ScienceDaily

As CO2 concentrations in the atmosphere keep rising regardless of years of political intentions to limit emissions, the world's oceans are drowning in plastics, which threatens marine environments and ecosystems.

The key global problems are often interconnected, and typically, the solution to one problem creates another one while the clock keeps ticking. But what if we could solve several problems at the same time?

It's almost too good to be true, but a new cutting-edge invention promises to do just that. Researchers at the University of Copenhagen have developed a method where one man's trash really does become another man's "treasure," when decomposed PET plastic becomes the main ingredient in efficient and sustainable CO2 capture.

We know the material from plastic bottles, textiles, and many other uses: PET plastic is one of the most widely used types of plastic in the world, but when it has served its purpose, it becomes a pressing global environmental issue. This is because it ends up in landfills in many parts of the world, where it breaks down into polluting microplastics that spread to the air, soil and groundwater. A large portion also end up in the oceans.

"The beauty of this method is that we solve a problem without creating a new one. By turning waste into a raw material that can actively reduce greenhouse gases, we make an environmental issue part of the solution to the climate crisis," says Margarita Poderyte from the Department of Chemistry at the University of Copenhagen, lead author of the research paper disclosing the invention.

The solution is a potential win-win on a global scale, where plastic waste not only does not end up in nature but also becomes an active player in climate mitigation.




With the new chemical technology, researchers can transform PET plastic waste that is overlooked by recyclers into a primary resource in a new form of CO2 sorbent they have developed. The process 'upcycles' it to a new material the researchers have named BAETA, which can absorb CO2 out of the atmosphere so efficiently that it easily compares with existing carbon capture technologies.

Sustainable, flexible and scalable

The BAETA material has a powdery structure that can be pelletized, and a chemically 'upgraded' surface, which enables it to very effectively bind and chemically capture CO2. Once saturated, CO2 can be released through a heating process allowing the CO2 to be concentrated, collected and stored or converted into a sustainable resource. In practice, the researchers expect the technology to be first installed on industrial plants with exhausts from chimneys passing through BAETA units to cleanse them of CO2.

The research paper is now published in Sciences Advances and describes the chemical process behind the invention. The process is gentle compared to existing technologies and, at the same time, well-suited for industrial scaling.

"The main ingredient is plastic waste that would otherwise have an unsustainable afterlife, and the synthesis we use, where the chemical transformation takes place, is gentler than other materials for CO2 capture because we can make the synthesis in ambient temperatures. It also has the advantage that the technology can be scaled up more easily," Margarita Poderyte says.

She is seconded by co-author and Associate Professor at the Department of Chemistry, Jiwoong Lee, who highlights the material's flexibility also.




"One of the impressive things about this material is that it stays effective for a long time. And flexible. It works efficiently from normal room temperature up to about 150 degrees Celsius, making it very useful. With this kind of tolerance to high temperatures, the material can be used at the end of industrial plants where the exhausts are typically hot," Jiwoong Lee says.

From laboratory to innovation at the end of the chimney

With a potentially revolutionary idea, a proven method and an effective finished product, the researchers are now ready for the next step.

"We see great potential for this material, not just in the lab, but in real-life industrial carbon capture plants. The next big step is scaling up to produce the material in tonnes, and we're already working to attract investments and make our invention a financially sustainable business venture," Margaryte Poderyte says.

The technical challenges do not worry the researchers. Instead, the decisive challenge, they say, is to persuade decision-makers to make the necessary investments. If they succeed in that, the invention could ultimately lead to significant changes.

A sea of cheap plastic

Large amounts of PET plastic accumulate in our oceans, damaging ecosystems and breaking down into microplastics, the consequences of which are yet unknown. That sort of plastic is very well suited for the technology.

"If we can get our hands on the highly decomposed PET plastic floating in the world's oceans, it will be a valuable resource for us as it's so well suited for upcycling with our method," Margarita Poderyte says.

The researchers hope that their invention can help to fundamentally change the way we see climate and environmental issues as separate problems.

"We're not talking about stand-alone issues, nor will the solutions be. Our material can create a very concrete economic incentive to cleanse the oceans of plastic," Jiwoong Lee says.

* Facts: How CO2 capture works

Measured in weight, PET plastic constitutes over 60 percent of carbon, and the material has an inherent chemical and physical ability to maintain the structure.

This ability is enhanced by transforming the plastic by adding a quantity of ethylenediamine, a compound known for its ability to bind CO2.

The process breaks down the plastic from polymer to a monomer, giving the material a chemical composition that is very effective in pulling CO2 out of the air and binding it.

The material is called BAETA.

In industrial plants, the idea is to transmit the exhaust through BETA units, which will cleanse it of CO2. When the BAETA material is saturated, its efficiency decreases; however, CO2 can be released from the plastic through a heating process, restoring its efficiency.

The carbon released can then be stored underground or used in Power2X plants via CO2 utilization.

More info: No conflict with recycling

During the development process, the researchers encountered concerns that their technology could undermine efforts to recycle plastic, which has been heavily invested in. Fortunately, that is not the case, they say.

"In principle, we could use new plastic for our method, but our target is PET plastic that is difficult to recycle because of low quality, coloration or mixed sources - or that has decomposed to such a degree that it's no longer suitable for recycling. So, this will be a collaboration rather than competition with the efforts to recycle plastic," Margarita Poderyte says.

About the study:

This project is supported by the Novo Nordisk Foundation CO2 Research Center in collaboration with the group of Niels Christian Nielsen, Aarhus University.

The following researchers have contributed to the research article:
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Ghost sharks grow teeth on their heads to mate | ScienceDaily
Male "ghost sharks" -- eerie deep-sea fish known as chimaeras that are related to sharks and rays -- have a strange rod jutting from their foreheads, studded with sharp, retractable teeth. New research reveals these are not merely lookalikes, but real rows of teeth that grow outside the mouth.


						
What's more, the toothy appendage is likely used for mating. Found only in males, the forehead rod -- called a tenaculum -- is the ghost sharks' only source of distinct teeth, and it seems to be used to grasp females in much the same way sharks use their toothy mouths in mating.

"If these strange chimaeras are sticking teeth on the front of their head, it makes you think about the dynamism of tooth development more generally," said Gareth Fraser, Ph.D., a professor of biology at the University of Florida and senior author of the study. "If chimaeras can make a set of teeth outside the mouth, where else might we find teeth?"

The team, including scientists from the University of Washington and the University of Chicago, studied both fossils and living specimens to solve the mystery. A 315-million-year-old fossil showed the tenaculum attached to the upper jaw, bearing teeth incredibly similar to those in the mouth. Modern chimaeras collected from Puget Sound revealed the same tooth-growing process on the head, seen in modern-day shark jaws. And genetic testing confirmed they expressed the same tooth-specific genes as oral teeth.

"What we found is that the teeth on this strange appendage look very much like rows of shark teeth. The ability to make teeth transferred onto that appendage, likely from the mouth," Fraser said. "Over time, the tenaculum shortened but retained the ability to make oral teeth on this forehead appendage."

Fraser collaborated with Washington's Karly Cohen, Ph.D., and Michael Coates, Ph.D., from Chicago on the study, which was published this week in the Proceedings of the National Academy of Sciences.

As experts in shark evolution and anatomy, the scientists were intrigued by these tooth-filled rods sprouting from the ghost shark foreheads. The central mystery: Is the tenaculum covered in true teeth related to oral teeth or more similar to the tooth-like scales plastering the skin of sharks and some ghost sharks?




CT scans of the fossils and modern chimaeras gave the scientists unprecedented, detailed insights into the development of the tenaculum teeth, which looked remarkably similar to the teeth of today's sharks. The nail in the coffin came from genetic evidence. The tenaculum teeth express genes found only in true teeth, never in shark skin denticles.

"What I think is very neat about this project is that it provides a beautiful example of evolutionary tinkering or 'bricolage,'" said Coates, a professor of biology at the University of Chicago. "We have a combination of experimental data with paleontological evidence to show how these fishes co-opted a preexisting program for manufacturing teeth to make a new device that is essential for reproduction."

Cohen, a postdoctoral researcher at the University of Washington's Friday Harbor Labs and first author of the paper, said scientists had never spotted teeth outside the mouth in this way before.

"The tenaculum is a developmental relic, not a bizarre one-off, and the first clear example of a toothed structure outside the jaw," she said.

The bizarre path from a mouth full of teeth to forehead teeth used for mating demonstrates the impressive flexibility of evolution, the researchers say, always ready to repurpose structures for strange and unexpected new uses.

"There are still plenty of surprises down in the ocean depths that we have yet to uncover," Fraser said.
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Oceans could reach a dangerous tipping point by 2050 | ScienceDaily
The seas have long sustained human life, but a new UC Santa Barbara study shows that rising climate and human pressures are pushing the oceans toward a dangerous threshold.


						
Vast and powerful, the oceans can seem limitless in their abundance and impervious to disturbances. For millennia, humans have supported their lives, livelihoods and lifestyles with the ocean, relying on its diverse ecosystems for food and material, but also for recreation, business, wellness and tourism.

Yet the future of our oceans is worrying, according to researchers at UCSB's National Center for Ecological Analysis and Synthesis (NCEAS).

"Our cumulative impact on the oceans, which is already substantial, is going to double by 2050 -- in just 25 years," said marine ecologist and NCEAS director Ben Halpern, who led the effort to forecast the future state of marine environments as they bow under the combined pressures of human activities, which include ocean warming, fisheries biomass loss, sea level rise, acidification and nutrient pollution, among other impacts. "It's sobering. And it's unexpected, not because impacts will be increasing -- that is not surprising -- but because they will be increasing so much, so fast."

The research team, which includes collaborators from Nelson Mandela University in South Africa, also finds that the tropics and the poles will experience the fastest changes in impacts, and that coastal areas will feel the brunt of the increased impacts.

Their research, supported in large part by the National Science Foundation, is published in the journal Science.

A comprehensive global model of human impacts

As human activity on the ocean and along the coast has intensified, so have impacts on the marine environment. Halpern and a group of scientists first tackled the challenge of understanding how these pieces fit together to affect the ocean nearly 20 years ago, laying the groundwork for the current study.




"People tracked one issue at a time, but not everything together," Halpern said. "More importantly, there was a pervasive sense that the ocean is so huge the human impacts couldn't possibly be that bad."

Their quest to build a comprehensive model of human impacts on the ocean led to a 2008 paper in the journal Science, a landmark study that synthesized 17 global data sets to map the intensity and extent of human activity on the world's oceans. That initial view revealed startling results: No place was untouched, and 41% of the world's marine environments were heavily impacted.

"The previous paper tells us where we are; the current paper tells us where we are headed," Halpern said.

Ocean warming and biomass loss due to fisheries are expected to be the largest overall contributors to future cumulative impacts. Meanwhile, the tropics face rapidly increasing rates of impact, while the poles, which already experience a high level of impact, are expected to experience even more. According to the paper, the high level of future impacts "may exceed the capacity of ecosystems to cope with environmental change," in turn posing challenges for human societies and institutions in a variety of ways."

The world's coasts are expected to bear the brunt of these increasing cumulative impacts -- an unsurprising reality, the researchers say, given most human uses of the ocean are near coasts. Yet it's also a "worrisome result nonetheless," according to the paper, because the coasts "are where people derive most value from the ocean." Additionally, many countries are dependent on the ocean for food, livelihood and other benefits. "Many of these countries will face substantial increases," Halpern said.

The authors contend that enacting policies to reduce climate change and to strengthen fisheries management could be effective ways to manage and reduce human impacts, given the outsize roles that ocean warming and biomass loss play in the estimate of future human impacts on the ocean. Likewise, prioritizing management of habitats that are expected to be heavily impacted -- such as salt marshes and mangroves -- could help reduce the pressures on them.




In presenting these forecasts and analyses, the researchers hope that effective action can be taken sooner rather than later to minimize or mitigate the effects of increased pressures from human activity.

"Being able to look into the future is a super powerful planning tool," Halpern said. "We can still alter that future; this paper is a warning, not a prescription."

Research in this paper was also conducted by Melanie Frazier and Casey C. O'Hara at UCSB, and Alejandra Vargas-Fonseca and Amanda T. Lombard at Nelson Mandela University in South Africa.
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Even the toughest corals are shrinking in warming seas | ScienceDaily
As coral reefs decline at unprecedented rates, new research has revealed that some coral species may be more resilient to warming temperatures than others.


						
By studying how six months of elevated ocean temperatures would affect a species of coral from the northern Red Sea called Stylophora pistillata, scientists found that although these organisms can certainly survive in conditions that mimic future warming trends, they don't thrive.

Stylophora pistillata tend to be tolerant of high ocean temperatures, but when continuously exposed to temperatures of 27.5 and 30 degrees Celsius (81.5 and 86 degrees Fahrenheit) -- baseline warming expected in tropical oceans by 2050 and 2100 -- scientists saw various changes in coral growth, metabolic rates, and even energy reserves. For instance, coral in 27.5 degrees Celsius waters survived, but were 30% smaller than their control group; those placed in 30 degrees Celsius waters wound up being 70% smaller.

"In theory, if corals in the wild at these temperatures are smaller, reefs might not be as diverse and may not be able to support as much marine life," said Ann Marie Hulver, lead author of the study and a former graduate student and postdoctoral scholar in earth sciences at The Ohio State University. "This could have adverse effects on people that depend on the reef for tourism, fishing or food."

Overall, the team's results suggest that even the most thermally tolerant coral species may suffer in their inability to overcome the consequences of warming seas.

The study was published on September 3 in the journal Science of the Total Environment.

While current predictions for coral reefs are dire, there is some good news. During the first 11 weeks of the experiment, researchers saw that corals were only minimally affected by elevated baseline temperatures. Instead, it was the cumulative impact of chronic high temperatures that compromised coral growth and caused them to experience a higher metabolic demand.




The coral later recovered after being exposed for a month to 25 degree Celsius waters, but had a dark pigmentation compared to corals that were never heated. This discovery implies that despite facing ever longer periods of threat from high ocean temperatures in the summer months, resilient coral like S. pistillata can bounce back when waters cool in the winter, researchers say.

Still, as ocean temperatures are expected to increase by 3 degrees Celsius by 2100, expecting coral reefs to predictably bend to projected climate models can be difficult, according to the researchers.

This team's research does paint a more detailed picture of how coral reefs may look and function in the next 50 years, said Andrea Grottoli, co-author of the study and a professor in earth sciences at Ohio State.

"Survival is certainly the No. 1 important thing for coral, but when they're physiologically compromised, they can't do that forever," said Grottoli. "So there's a limit to how long these resilient corals can cope with an ever increasing warming ocean."

Gaining a more complex understanding of how warming waters can alter coral growth and feeding patterns may also better inform long-term conservation efforts, said Grottoli.

"Conservation efforts could focus on areas where resilient coral are present and create protected sanctuaries so that there are some ecosystems that grow as high-probability-success reefs for the future," she said.




For now, all coral reefs are still in desperate need of protection, researchers note. To that end, Hulver imagines future work could be aimed at investigating the resilience of similar species of coral, including replicating this experiment to determine if sustained warming might cause trade-offs in other biological processes, such as reproduction.

"For coral, six months is still a very small snapshot of their lives," said Hulver. "We'll have to keep on studying them."

Other Ohio state co-authors include Shannon Dixon and Agusti Munoz-Garcia as well as Eric Beraud and Christine Ferrier-Pages from the Centre Scientifique de Monaco, and Aurelie Moya, Rachel Alderdice and Christian R Voolstra from the University of Konstanz. The study was supported by the National Science Foundation and the German Research Foundation.
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Seagrass found to be a powerful carbon sponge with a surprising weakness | ScienceDaily
Seagrass has the potential to be one of the world's most effective sponges at soaking up and storing carbon, but we don't yet know how nutrient pollution affects its ability to sequester carbon.


						
In a pair of studies, U-M researchers evaluated the impact of nitrogen and phosphorus on seagrass, short, turf-like grasses that live in shallow, coastal areas. Examining data gathered from a plot of seagrass enriched with nutrients over a period of nine years, the scientists found that nutrients can increase seagrass's ability to store carbon. However, in a second study, they also found that an overload of nitrogen could lead to increased phytoplankton growth, which can shade out and kill seagrass.

Both studies, published in Global Change Biology and Conservation Letters, respectively, were supported by the National Science Foundation and the David and Lucille Packard Foundation.

Jacob Allgeier, associate professor of ecology and evolutionary biology, studies fish and seagrass and coral ecology in bays of the Bahamas and Dominican Republic. He noticed that seagrasses growing in bays overloaded with nutrients, mostly from human wastewater, quickly died off. Light couldn't penetrate through the phytoplankton, which also proliferated under the high-nutrient conditions.

However, in other bays that experienced nutrient runoff but didn't have light-shading phytoplankton, he saw that seagrass grew well. Coastal tropical areas are often nutrient-starved. When the seagrasses growing there are bathed in nutrients, their growth takes off as long as there is not too much phytoplankton blocking out light, Allgeier says.

The researchers, led by recent U-M doctoral graduate Bridget Shayka, found that in relatively nutrient-poor beds of seagrass, phosphorus and nitrogen helped seagrass grow. As the seagrass grew, it first invested in its underground growth, or root systems, storing carbon in its roots. Then, the grass invested in above ground structures -- their blades. The end result was that the roots grew quickly but also died quickly, which shunted extra carbon into the sediment surrounding the roots and sequestered it at a higher rate.

"People thought excess nutrients were killing seagrass," Allgeier said. "But we show that as long as there are not too many nutrients, which would also increase phytoplankton, the seagrass will just increase growth with excess nutrients."

To study nutrient impacts, Shayka and Allgeier took samples of the seagrass from test plots in the Bahamas that had been treated with nutrients for nine years. Shayka and a raft of 17 undergraduates painstakingly untangled the seagrass, separating the grass into parts: the blades that grow above ground but under water, the sheath from which the blades emerge, the seagrass's roots and the seagrass's rhizomes -- basically an underground stem from which other seagrass plants can grow.




They then freeze-dried each part, pulverized them and tested them for nitrogen, phosphorus and carbon. In addition to finding that increasing nutrients in the system increased carbon turnover in the plants, the researchers also found that nutrients supplied by human sources had a greater impact on the seagrasses than those supplied by fish.

"The systems we study are pretty low-nutrient systems, so adding nutrients can increase seagrass production," said Shayka, now a program officer for the nonprofit Ocean Visions. "But we also know that when you go too far and add too many nutrients, it really destroys these systems. It's one of the leading causes of their destruction around the world and in coastal systems."

In the second study, the researchers tested which nutrient, nitrogen or phosphorus, had the greatest impact on seagrass, as well as whether the ratio of nitrogen to phosphorus or the total amount of each nutrient had the greatest effect on the system. They also examined nutrient impacts on phytoplankton.

To do this, they created 21 different ratios of nitrogen to phosphorus and added nutrients to test plots of seagrass growing in a different part of the same bay as well as to phytoplankton in bottles. They found that phosphorus had a bigger positive effect on seagrass growth than nitrogen in the nutrient-poor conditions.

Longstanding ecological theory suggests that the ratio of nutrients has the greatest impact on a system -- but the researchers found that in this particular case, phosphorus had a greater effect on seagrass while nitrogen had a greater effect on phytoplankton growth. In particular, the researchers found that the addition of nitrogen caused the rates of phytoplankton in the bottles to skyrocket, showing that increasing nitrogen in the natural landscape could lead to levels of phytoplankton that would shade out the seagrass.

"When you grow tomatoes, you don't just add nitrogen. You add a perfect ratio of nitrogen and phosphorus. That idea is replete in our society," Allgeier said. "But because we tested the water column and because we tested the seagrass, we're able to say that model doesn't work in our system."

This finding could inform how local communities control for nutrient impacts to seagrass.

"We're not stopping nutrient enrichment. It's just not going to stop," Allgeier said. "But we can manage it. And how do you best manage it? We scrub it for nitrogen."
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Woolly mammoth teeth reveal the world's oldest microbial DNA | ScienceDaily
An international team led by researchers at the Centre for Palaeogenetics, has uncovered microbial DNA preserved in woolly and steppe mammoth remains dating back more than one million years. The analyses reveal some of the world's oldest microbial DNA ever recovered, as well as the identification of bacteria that possibly caused disease in mammoths. The findings are published in Cell.


						
Researchers at the Centre for Palaeogenetics, a collaboration between Stockholm University and the Swedish Museum of Natural History, analyzed microbial DNA from 483 mammoth specimens, of which 440 were sequenced for the first time. Among them was a steppe mammoth that lived about 1.1 million years ago. Using advanced genomic and bioinformatic techniques, the team distinguished microbes that once lived alongside the mammoths from those that invaded their remains after death.

"Imagine holding a million-year-old mammoth tooth. What if I told you it still carries traces of the ancient microbes that lived together with this mammoth? Our results push the study of microbial DNA back beyond a million years, opening up new possibilities to explore how host-associated microbes evolved in parallel with their hosts," says Benjamin Guinet, a postdoctoral fellow at the Centre for Palaeogenetics and lead author of the study.

Six microbial clades persisted across time and space

The analyses identified six microbial groups consistently associated with mammoth hosts, including relatives of Actinobacillus, Pasteurella, Streptococcus, and Erysipelothrix. Some of these microbes may have been pathogenic. For instance, one Pasteurella-related bacterium identified in the study is closely related to a pathogen that has caused fatal outbreaks in African elephants. Since African and Asian elephants are the closest living relatives of mammoths, these findings raise questions about whether mammoths may also have been vulnerable to similar infections.

Remarkably, the team reconstructed partial genomes of Erysipelothrix from a 1.1-million-year-old steppe mammoth, representing the oldest known host-associated microbial DNA ever recovered. This pushes the limits of what researchers can learn about the interactions between ancient hosts and their microbiomes.

"As microbes evolve fast, obtaining reliable DNA data across more than a million years was like following a trail that kept rewriting itself. Our findings show that ancient remains can preserve biological insights far beyond the host genome, offering us perspectives on how microbes influenced adaptation, disease, and extinction in Pleistocene ecosystems," says Tom van der Valk, senior author and researcher at the Centre for Palaeogenetics.

A new window into ancient ecosystems

Although the exact impact of the identified microbes on mammoth health is difficult to determine due to DNA degradation and limited comparative data, the study provides an unprecedented glimpse into the microbiomes of extinct megafauna. The results suggest that some microbial lineages coexisted with mammoths for hundreds of thousands of years, spanning both wide geographic ranges and evolutionary timescales, from over one million years ago to the extinction of woolly mammoths on Wrangel Island about 4,000 years ago.

"This work opens a new chapter in understanding the biology of extinct species. Not only can we study the genomes of mammoths themselves, but we can now begin to explore the microbial communities that lived inside them," says Love Dalen, Professor of Evolutionary Genomics at the Centre for Palaeogenetics.
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Earth's inner core exists only because of carbon | ScienceDaily
A new study by researchers at the University of Oxford, University of Leeds, and University College London has identified a new constraint on the chemistry of Earth's core, by showing how it was able to crystallize millions of years ago. The study was published today (September 4) in Nature Communications.


						
The researchers showed that the core would need to be made of 3.8% carbon for it to have begun crystallizing. This result indicates that carbon may be more abundant in Earth's core than previously thought, and that this element could have played a key role in how it froze, offering a rare glimpse into the processes occurring at the heart of our planet.

Earth's inner core, the solid iron-rich mass at the center of our planet, is slowly growing as the surrounding molten outer core cools and freezes. But this process has been a source of debate amongst scientists for decades.

Inner core formation is not just a matter of determining when the core cooled to its freezing point, but instead involves the process of crystallization which depends on its exact chemical composition. Like water droplets in clouds, which can cool to -30 degC before forming hail, molten iron must be supercooled (cooled to below its melting point) before it can freeze.

Previous calculations have suggested that 800-1000 degC of supercooling would be needed to initiate freezing of the core if it were made of pure iron.

However, if the core is supercooled to this degree, researchers have shown that the inner core would grow massively, and the Earth's magnetic field would fail. But neither of these outcomes have occurred during our planet's history. Instead, scientists believe that in the past, the core could have cooled to no more than about 250 degC below its melting point.

This new research aimed to understand how the inner core exists as observed today with such limited supercooling in the past. Without direct access to the Earth's deep interior, the research team needed to rely on computer simulations of the freezing process.




They looked at the presence of other elements, specifically silicon, sulphur, oxygen, and carbon, and how these might affect the freezing process.

"Each of these elements exist in the overlying mantle and could therefore have been dissolved into the core during Earth's history," explained co-author Associate Professor Andrew Walker (Department of Earth Sciences, University of Oxford). "As a result, these could explain why we have a solid inner core with relatively little supercooling at this depth. The presence of one or more of these elements could also rationalise why the core is less dense than pure iron, a key observation from seismology."

Using atomic-scale computer simulations of around 100,000 atoms at supercooled temperatures and pressures equivalent to those in the inner core, the research team tracked how often small crystal-like clusters of atoms formed from a liquid. These "nucleation" events are the first steps toward freezing.

What they found was surprising: silicon and sulphur, elements often assumed to be present in the core, actually slow down the freezing process. In other words, more supercooling would be needed to start forming the inner core if these elements were abundant in that part of the Earth.

On the other hand, they found that carbon helped to accelerate freezing in the simulation.

In the study, the researchers tested how much supercooling would be required to freeze the inner core if 2.4% of the core's mass were made of carbon. The result: about 420 degC, still too high, but the closest result to viability yet.




But when they extrapolated their results to a case where 3.8% of the core's mass is carbon, the required supercooling dropped to 266 degC. This is the only known composition that could explain both the nucleation and observed size of the inner core.

This result indicates that carbon may be more abundant in Earth's core than previously thought, and that without this element, the formation of a solid inner core may never have happened.

The experiments also show that inner core freezing was possible with just the right chemistry, and unlike water when it forms hail, it did so without "nucleation seeds," tiny particles which help to initiate freezing. This is vital, because when tested in previous simulations, all of the candidates for nucleation seeds in the core have melted or dissolved.

Lead author Dr Alfred Wilson (School of Earth and Environment, University of Leeds) said: "It is exciting to see how atomic scale processes control the fundamental structure and dynamics of our planet. By studying how Earth's inner core formed, we are not just learning about our planet's past. We're getting a rare glimpse into the chemistry of a region we can never hope to reach directly and learning about how it could change in the future."

Scientists have debated when the inner core began to solidify for decades, with some arguing for an ancient inner core (with freezing beginning more than two billion years ago) and others suggesting a much younger age (less than half a billion years). With this new information about the carbon content of the core, we are one step closer to constraining its chemistry and physical properties, and therefore how it evolved.

The work was funded by the Natural Environment Research Council (NERC).
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Fossil reveals a 310-million-year-old fish that ate with a hidden second jaw | ScienceDaily
Experts have uncovered the earliest known example of a fish with extra teeth deep inside its mouth - a 310-million-year-old fossilized ray-finned fish that evolved a unique way of devouring prey.


						
Platysomus parvulus had a unique way of eating never seen in ray-finned fish from that time - a 'tongue bite', using a special set of teeth on the floor and roof of the mouth to help it crush and chew tough food like shells or insects.

Most fish today use their jaws to bite and chew, but some also have tongue bites, which work like a second set of jaws. Until now, the oldest known fish with such a dental arrangement lived about 150 million years later

Publishing their findings on September in Biology Letters, the international research team used high-resolution CT scanning to reconstruct the internal anatomy of the fossil, which was discovered in Carboniferous rock formations in the UK county of Staffordshire.

Supported by the Royal Society, the National Science Foundation, and the Natural Environment Research Council, the researchers discovered a sophisticated arrangement of tooth plates on the roof of the fish's mouth and the gill skeleton.

Lead author Professor Sam Giles, from the University of Birmingham, commented: "Our discovery helps us understand how fish evolved after the End-Devonian Mass Extinction, which wiped out many species. After this extinction event, fish started to change and develop new body shapes and ways of feeding.

"Tongue bites have evolved many times in different fish groups - including in modern ones such as trout and bonefish, demonstrating that it is a useful tool that helps fish eat a wider variety of food and survive in different environments."

The tongue bite mechanism involves opposing sets of teeth--one on the roof of the mouth and another on the gill skeleton--that work together to grip and crush prey.




The Platysomus fossil studied is uniquely preserved in 3D, allowing researchers to peer inside its mouth and digitally dissect its anatomy. This reveals a multi-part lower tooth plate and narrow upper plate, both bearing a single layer of pointed teeth--suggesting a transitional stage in the evolution of more advanced tongue bite systems seen in later fish like Bobasatrania.

Co-author Dr Matthew Kolmann, from the University of Louisville, commented: "Later fish, like the Bobasatrania group, had more advanced tongue bites and did not use their jaws at all, relying on their tongue bite to crush hard food. Platysomus parvulus is like a missing link between simple jawed fish and more advanced tongue-biters."

The discovery supports a model of rapid innovation in early ray-finned fishes following the End-Devonian Mass Extinction, with ray-finned fishes' experimentation with new feeding strategies.

Co-author Prof Matt Friedman, from the University of Michigan, commented: "Tongue bites are just one of many feeding innovations that emerged during this time. This fish represents a key evolutionary step and helps us understand how ancient ecosystems functioned and how modern fish lineages came to be."
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Scientists create biodegradable plastic stronger than PET | ScienceDaily
The PET-alternative PDCA is biodegradable and has superior physical properties. A Kobe University team of bioengineers engineered E. coli bacteria to produce the compound from glucose at unprecedented levels and without byproducts -- and opened up a realm of possibilities for the future of bioengineering.


						
The durability of plastics is both the reason why they have become so wide-spread and why they pose environmental problems. In addition, they are mainly sourced from petroleum, making them non-renewable and contingent on geopolitics. Research groups worldwide work on both biodegradable and bio-sourced alternatives, but there often are issues with yield, purity and -- as a result -- associated production cost.

Kobe University bioengineer Tsutomu Tanaka says: "Most biomass-based production strategies focus on molecules consisting of carbon, oxygen and hydrogen. However, there are highly promising compounds for high-performance plastics that include other elements such as nitrogen, but there are no efficient bioproduction strategies. And purely chemical reactions inevitably generate unwanted byproducts." PDCA, which stands for pyridinedicarboxylic acid, is such a candidate. It is biodegradable, and materials incorporating this show physical properties comparable to or even surpassing those of PET, which is widely used in containers and textiles. "Our group approached the challenge from a new angle: We aimed to harness cellular metabolism to assimilate nitrogen and build the compound from start to finish," says Tanaka.

In the journal Metabolic Engineering, the Kobe University group now published that they achieved the production of PDCA in bioreactors at concentrations more than seven-fold higher than previously reported. Tanaka explains, "The significance of our work lies in demonstrating that metabolic reactions can be used to incorporate nitrogen without producing unwanted byproducts, thereby enabling the clean and efficient synthesis of the target compound."

The group, however, did have some stubborn problems to solve along the way. The most stubborn of these came when they discovered a bottleneck where one of the enzymes they had introduced produced the highly reactive compound hydrogen peroxide, H2O2. The compound then attacked the enzyme that produced it, thereby deactivating it. "Through refining the culture conditions, in particular by adding a compound that can scavenge H2O2, we could finally overcome the issue, although this addition may present new economic and logistical challenges for large-scale production," says Tanaka.

The bioengineers already have plans on how to improve the production going forward, with every problem pointing the way to its solution. Looking at the future, Tanaka says: "The ability to obtain sufficient quantities in bioreactors lays the groundwork for the next steps toward practical implementation. More generally, though, our achievement in incorporating enzymes from nitrogen metabolism broadens the spectrum of molecules accessible through microbial synthesis, thus enhancing the potential of bio-manufacturing even further."

This research was funded by the Japan Society for the Promotion of Science (grants 25K00054, 23H04565, 25H01701, 25K01594, 25H00819) and the Japan Science and Technology Agency (grant JPMJPR22N9).
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A tiny embryo fold changed the course of evolution | ScienceDaily

Small fold - big role: A tissue fold known as the cephalic furrow, an evolutionary novelty that forms between the head and the trunk of fly embryos, plays a mechanical role in stabilizing embryonic tissues during the development of the fruit fly Drosophila melanogaster.

Combining theory and experiment: Researchers integrated computer simulations with their experiments and showed that the timing and position of cephalic furrow formation are crucial for its function, preventing mechanical instabilities in the embryonic tissues.

Evolutionary response to mechanical stress: The increased mechanical instability caused by embryonic tissue movements may have contributed to the origin and evolution of the cephalic furrow genetic program. This shows that mechanical forces can shape the evolution of new developmental features.

Mechanical forces shape tissues and organs during the development of an embryo through a process called morphogenesis. These forces cause tissues to push and pull on each other, providing essential information to cells and determining the shape of organs. Despite the importance of these forces, their role in the evolution of development is still not well understood.

Animal embryos undergo tissue flows and folding processes, involving mechanical forces, that transform a single-layered blastula (a hollow sphere of cells) into a complex multi-layered structure known as the gastrula. During early gastrulation, some flies of the order Diptera form a tissue fold at the head-trunk boundary called the cephalic furrow. This fold is a specific feature of a subgroup of Diptera and is therefore an evolutionary novelty of flies.

The research groups of Pavel Tomancak and Carl Modes, both group leaders at the Max Planck Institute of Molecular Cell Biology and Genetics in Dresden, Germany, looked into the function of the cephalic furrow during the development of the fruit fly Drosophila melanogaster and the potential connection with its evolution. The results of their investigation are published in the journal Nature.




A genetically patterned fold with unknown function

The researchers knew that several genes are involved in the formation of the cephalic furrow. The cephalic furrow is especially interesting because it is a prominent embryonic invagination whose formation is controlled by genes, but that has no obvious function during development. The fold does not give rise to specific structures and, later in development, it simply unfolds, leaving no trace. Bruno C. Vellutini, a postdoctoral researcher in the group of Pavel Tomancak, who led the study together with Tomancak, explains, "Our original question was to uncover the genes involved in cephalic furrow formation and the developmental role of the invagination. Later on, we broadened our investigations to other fly species and found that changes in the expression of the gene buttonhead are associated with the evolution of the cephalic furrow."

With their experiments, the researchers show that the absence of the cephalic furrow leads to an increase in the mechanical instability of embryonic tissues and that the primary sources of mechanical stress are cell divisions and tissue movements typical of gastrulation. They demonstrate that the formation of the cephalic furrow absorbs these compressive stresses. Without a cephalic furrow, these stresses build up, and outward forces caused by cell divisions in the single-layered blastula cause mechanical instability and tissue buckling. This intriguing physical role gave the researchers the idea that the cephalic furrow may have evolved in response to the mechanical challenges of dipteran gastrulation, with mechanical instability acting as a potential selective pressure.

Physical model of folding dynamics

To determine the contribution of individual sources of mechanical stress, the experimentalists in the Tomancak group teamed up with the group of Carl Modes to create a theoretical physical model that behaves like the fly embryos. Carl Modes says, "Our model can simulate the behavior of embryonic tissues in fly embryos with very few free parameters. The model was fed with the data from the experiments. First, we wanted to see how the strength of the fold affects the function of the cephalic furrow. We assumed that a strong pull inside the fold is a good buffer to counteract mechanical forces. However, we discovered that the position and timing are what really matter. The earlier the cephalic furrow forms, the better of a buffer it is, and when it forms around the middle of the embryo, it proved to have the strongest buffering effect." This physical model provides a theoretical basis that the cephalic furrow can absorb compressive stresses and prevent mechanical instabilities in embryonic tissues during gastrulation.

A related study reveals two cellular mechanisms to prevent stress.

Another study, also focusing on mechanisms of how flies counteract mechanical stresses, is published at the same time in the Nature journal. The team led by Steffen Lemke from the University of Hohenheim, Germany, and Yu-Chiun Wang from the RIKEN Center for Biosystems Dynamics Research in Kobe, Japan, found two different ways how flies deal with compressive stress during embryonic development. Flies either feature a cephalic furrow or, if they lack one, display widespread out-of-plane division, meaning the cells divide downwards to reduce the surface area. Both mechanisms act as mechanical sinks to prevent tissue collision and distortion. The authors of the study worked together with the MPI-CBG researchers during the course of their studies.

Evolution of a small fold

Pavel Tomancak summarizes the results, "Our findings uncover empirical evidence for how mechanical forces can influence the evolution of innovations in early development. The cephalic furrow may have evolved through the genetic changes in response to the mechanical challenges of the dipteran gastrulation. We show that mechanical forces are not just important for the development of the embryo but also for the evolution of its development."
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The flawed carbon math that lets major polluters off the hook | ScienceDaily
Climate action is falling behind on the goals as stated in the Paris Agreement. To meet those goals, countries must act according to their 'fair share' targets. However, researchers from Utrecht University found a bias in how ambition and fairness assessments were calculated until now: "previous studies assessing countries climate ambition share a feature that rewards high emitters at the expense of the most vulnerable ones." This finding influences climate change mitigations globally. The research, led by Yann Robiou du Pont, was published on September 3 in Nature Communications.


						
The researchers argue that previous fairness and ambition assessments were biased, as they start from shifting goalposts of rising emissions. Their proposed method avoids delaying the obligation to reduce emissions and calculates the immediate ambition gap that can be filled by climate measures and international finance. As negotiated climate targets are still insufficient, this work underscores the growing role of courts in ensuring that climate and human rights obligations are met. The study highlights that high-emitting countries, most notably G7 countries, Russia, and China, need to do more given the very different historical responsibility and financial capability of countries.

An approach based on historical responsibility needed

Fair-share emissions allocations distribute the global carbon budget among countries based on principles like historical responsibility, capability, and development needs, aiming to assign each country a 'fair share' of allowable emissions. Under the Paris Agreement, these allocations indicate what each country should commit to in order to collectively limit global warming to 1.5degC and staying well below 2degC.

By calculating each ambition and fairness assessment from the present situation, we increasingly let major polluting countries off the hook. This pushes a heavier burden onto countries that have done the least to cause the crisis, or more realistically brings the world towards catastrophic levels of global warming. Therefore, the authors propose calculating fair-share emissions allocations immediately based on each country's historical contributions to climate change and their capacity to act. Accounting for immediate responsibilities sets a new baseline. It would cause some countries' emission paths to suddenly and drastically change instead of following a smooth decline. This approach would demand steep, immediate cuts mostly from wealthier, high-emitting countries. Since the cuts needed from these countries are too large to achieve locally, it requires substantial financial support for additional mitigation in poorer countries. Importantly, removing the systemic reward for inaction affects the ranking of countries' gap between their current pledges and fair emissions allocations, even within the group of high-income countries. Then, the USA, Australia, Canada, the UAE and Saudi Arabia have the greatest gap, requiring the most additional effort and finance. Much of equity discussions is about developed versus developing countries, but this paper is particularly relevant for developed countries being rewarded for inaction compared to other and more ambitious developed countries.

Role in climate litigation

Fair-share studies like this one are increasingly used in climate litigation, such as the KlimaSeniorinnen case before the European Court of Human Rights. The court recognised that insufficient national climate action constitutes a breach of human rights and that countries must justify how their climate pledges are a fair and ambitious contribution to the global objectives. Courts rely on these assessments to evaluate whether national emissions targets are sufficient and equitable. Biases in the assessments therefore have real-world impact: they can shape legal rulings, influence policy commitments, and inform public opinions. Courts are thus emerging as a key force in ensuring accountability and indirectly promoting cooperation when political and diplomatic negotiations fall short. In a landmark advisory opinion issued on July 23, 2025, the International Court of Justice affirmed that countries have a legal obligation under international law to prevent significant harm to the climate system, emphasising the duty to act collectively and urgently. "This strengthens and underscores the growing role of courts in enforcing climate justice," says Robiou du Pont.

Paying the debt

Solving the climate crisis is a moral imperative long identified by climate justice activists and scholars. Practically, we are observing that the lack of fair efforts by countries with the greatest capacity and responsibility to act and provide finance, results in insufficient action globally. A fairer allocation of effort is likely to results in more ambitious outcomes globally. This study explains how immediate climate efforts and finance are key to align with international agreements to limiting global warming.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/09/250903075156.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A simple metal could solve the world's plastic recycling problem | ScienceDaily
The future of plastic recycling may soon get much less complicated, frustrating and tedious.


						
In a new study, Northwestern University chemists have introduced a new plastic upcycling process that can drastically reduce -- or perhaps even fully bypass -- the laborious chore of pre-sorting mixed plastic waste.

The process harnesses a new, inexpensive nickel-based catalyst that selectively breaks down polyolefin plastics consisting of polyethylenes and polypropylenes -- the single-use kind that dominates nearly two-thirds of global plastic consumption. This means industrial users could apply the catalyst to large volumes of unsorted polyolefin waste.

When the catalyst breaks down polyolefins, the low-value solid plastics transform into liquid oils and waxes, which can be upcycled into higher-value products, including lubricants, fuels and candles. Not only can it be used multiple times, but the new catalyst can also break down plastics contaminated with polyvinyl chloride (PVC), a toxic polymer that notoriously makes plastics "unrecyclable."

The study was published on Sept. 2 in the journal Nature Chemistry.

"One of the biggest hurdles in plastic recycling has always been the necessity of meticulously sorting plastic waste by type," said Northwestern's Tobin Marks, the study's senior author. "Our new catalyst could bypass this costly and labor-intensive step for common polyolefin plastics, making recycling more efficient, practical and economically viable than current strategies."

"When people think of plastic, they likely are thinking about polyolefins," said Northwestern's Yosi Kratish, a co-corresponding author on the paper. "Basically, almost everything in your refrigerator is polyolefin based -- squeeze bottles for condiments and salad dressings, milk jugs, plastic wrap, trash bags, disposable utensils, juice cartons and much more. These plastics have a very short lifetime, so they are mostly single-use. If we don't have an efficient way to recycle them, then they end up in landfills and in the environment, where they linger for decades before degrading into harmful microplastics."

A world-renowned catalysis expert, Marks is the Vladimir N. Ipatieff Professor of Catalytic Chemistry at Northwestern's Weinberg College of Arts and Sciences and a professor of chemical and biological engineering at Northwestern's McCormick School of Engineering. He is also a faculty affiliate at the Paula M. Trienens Institute for Sustainability and Energy. Kratish is a research assistant professor in Marks' group, and an affiliated faculty member at the Trienens Institute. Qingheng Lai, a research associate in Marks' group, is the study's first author. Marks, Kratish and Lai co-led the study with Jeffrey Miller, a professor of chemical engineering at Purdue University; Michael Wasielewski, Clare Hamilton Hall Professor of Chemistry at Weinberg; and Takeshi Kobayashi a research scientist at Ames National Laboratory.




The polyolefin predicament

From yogurt cups and snack wrappers to shampoo bottles and medical masks, most people interact with polyolefin plastics multiple times throughout the day. Because of its versatility, polyolefins are the most used plastic in the world. By some estimates, industry produces more than 220 million tons of polyolefin products globally each year. Yet, according to a 2023 report in the journal Nature, recycling rates for polyolefin plastics are alarmingly low, ranging from less than 1% to 10% worldwide.

The main reason for this disappointing recycling rate is polyolefin's sturdy, stubborn composition. It contains small molecules linked together with carbon-carbon bonds, which are famously difficult to break.

"When we design catalysts, we target weak spots," Kratish said. "But polyolefins don't have any weak links. Every bond is incredibly strong and chemically unreactive."

Problems with current processes

Currently, only a few, less-than-ideal processes exist that can recycle polyolefin. It can be shredded into flakes, which are then melted and downcycled to form low-quality plastic pellets. But because different types of plastics have different properties and melting points, the process requires workers to scrupulously separate various types of plastics. Even small amounts of other plastics, food residue or non-plastic materials can compromise an entire batch. And those compromised batches go straight into the landfill.




Another option involves heating plastics to incredibly high temperatures, reaching 400 to 700 degrees Celsius. Although this process degrades polyolefin plastics into a useful mixture of gases and liquids, it's extremely energy intensive.

"Everything can be burned, of course," Kratish said. "If you apply enough energy, you can convert anything to carbon dioxide and water. But we wanted to find an elegant way to add the minimum amount of energy to derive the maximum value product."

Precision engineering

To uncover that elegant solution, Marks, Kratish and their team looked to hydrogenolysis, a process that uses hydrogen gas and a catalyst to break down polyolefin plastics into smaller, useful hydrocarbons. While hydrogenolysis approaches already exist, they typically require extremely high temperatures and expensive catalysts made from noble metals like platinum and palladium.

"The polyolefin production scale is huge, but the global noble metal reserves are very limited," Lai said. "We cannot use the entire metal supply for chemistry. And, even if we did, there still would not be enough to address the plastic problem. That's why we're interested in Earth-abundant metals."

For its polyolefin recycling catalyst, the Northwestern team pinpointed cationic nickel, which is synthesized from an abundant, inexpensive and commercially available nickel compound. While other nickel nanoparticle-based catalysts have multiple reaction sites, the team designed a single-site molecular catalyst.

The single-site design enables the catalyst to act like a highly specialized scalpel -- preferentially cutting carbon-carbon bonds -- rather than a less controlled blunt instrument that indiscriminately breaks down the plastic's entire structure. As a result, the catalyst allows for the selective breakdown of branched polyolefins (such as isotactic polypropylene) when they are mixed with unbranched polyolefins -- effectively separating them chemically.

"Compared to other nickel-based catalysts, our process uses a single-site catalyst that operates at a temperature 100 degrees lower and at half the hydrogen gas pressure," Kratish said. "We also use 10 times less catalyst loading, and our activity is 10 times greater. So, we are winning across all categories."

Accelerated by contamination

With its single, precisely defined and isolated active site, the nickel-based catalyst possesses unprecedented activity and stability. The catalyst is so thermally and chemically stable, in fact, that it maintains control even when exposed to contaminants like PVC. Used in pipes, flooring and medical devices, PVC is visually similar to other types of plastics but significantly less stable upon heating. Upon decomposition, PVC releases hydrogen chloride gas, a highly corrosive byproduct that typically deactivates catalysts and disrupts the recycling process.

Amazingly, not only did Northwestern's catalyst withstand PVC contamination, PVC actually accelerated its activity. Even when the total weight of the waste mixture is made up of 25% PVC, the scientists found their catalyst still worked with improved performance. This unexpected result suggests the team's method might overcome one of the biggest hurdles in mixed plastic recycling -- breaking down waste currently deemed "unrecyclable" due to PVC contamination. The catalyst also can be regenerated over multiple cycles through a simple treatment with inexpensive alkylaluminium.

"Adding PVC to a recycling mixture has always been forbidden," Kratish said. "But apparently, it makes our process even better. That is crazy. It's definitely not something anybody expected."

The study, "Stable single-site organo-Ni catalyst preferentially hydrogenolyzes branched polyolefin C-C bonds," was supported by the U.S. Department of Energy (award number DE-SC0024448) and The Dow Chemical Company.
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Central Asia's last stable glaciers just started to collapse | ScienceDaily
Too little snowfall is now also shaking the foundations of some of the world's most resilient 'water towers', a new study led by the Pellicciotti group at the Institute of Science and Technology Austria (ISTA) shows. After establishing a monitoring network on a new benchmark glacier in central Tajikistan, the international team of researchers was able to model the entire catchment's behavior from 1999 to 2023. The results, showing decreasing glacier health, were published in Communications Earth & Environment.


						
High-mountain Asia has been nicknamed the Third Pole due to its massive meltwater reserves, which are second only to the Arctic and Antarctic polar caps. In Central Asia, the northwestern Pamir Mountains in Tajikistan have been home to some of the last stable or growing glaciers outside the polar regions. However, between the collapse of the Soviet Union and the return of new monitoring networks, this region has also suffered from a dire lack of observational data for decades.

Researchers from Professor Francesca Pellicciotti's group at the Institute of Science and Technology Austria (ISTA) are contributing to an international effort to address this issue. They teamed up with local researchers in Tajikistan and collaborators in Switzerland, Austria, and France to establish their own climate station on a benchmark catchment and model the glacier's changes over more than two decades. Now, their first joint publication shows evidence that the glacier likely reached its tipping point in 2018.

"Due to the general lack of data and robust future projections in the region, we can't tell yet whether this was truly the 'point of no return' for Pamir glaciers," says the study's first author, Achille Jouberton, a PhD student in the Pellicciotti group at ISTA. "We must keep in mind that this study only considers one specific catchment and extends from 1999 to 2023. However, it is the first study of its kind. Similar efforts will need to address these issues on a larger geographical scale."

Understanding an anomalous state

Climate change has had a substantial impact on glaciers worldwide. While those in the Alps, Andes, and elsewhere in the world have been melting at a disconcerting rate, some glaciers in the Central Asian Pamir and Karakoram mountains were found to be surprisingly stable, possibly even growing. This unexpected and counterintuitive behavior of the glaciers has been termed the Pamir-Karakoram Anomaly. "Central Asia is a semiarid region that is highly dependent on snow and ice melt for downstream water supply," says ISTA Professor Pellicciotti. "But we still do not fully understand the causes of this anomalous glacier state." Are these the last resilient glaciers in the face of climate change?

The team chose to establish their monitoring site on Kyzylsu Glacier in the northwestern Pamir, in central Tajikistan. This climate station is situated at an elevation of just below 3400 meters above sea level in a country where half of the territory rises above 3000 meters. "Kyzylsu is becoming a benchmark monitoring site due to the various observational sites recently established on and around the glacier," explains Jouberton. There, the researchers aim to start to shed light on the glaciers' anomalous behavior in the region.




"The challenge is that there is almost no data at all."

Since setting up their monitoring network at the Kyzylsu catchment in 2021, the team has collected extensive data about snowfall and water resources in the area. Using these observations and climate reanalysis data as inputs to their computational models, they were able to simulate the glacier's behavior from 1999 to 2023. "We modeled the catchment's climate, its snowpack, the glacier mass balances, and the water movements," says Jouberton. "But whichever way we analyzed the model, we saw an important tipping point in 2018 at the latest. Since then, the decreased snowfall has changed the glacier's behavior and affected its health."

In fact, the glacier ice melt has increased, compensating for around a third of the lost water resources from reduced precipitation. Therefore, it seems the anomalous phase of the glacier's relative stability in the face of climate change has reached its end.

The researchers used computational models driven by their critically important, new local observations. However, observational data alone would not have answered all questions, even if dense coverage was provided. "We need models and simulations anyway in our work, from the bottom of the valley to the top of the glacier. Even in Europe and Canada, where the monitoring networks are much more extensive, climate stations remain small, localized points on the map," says Jouberton. "But the challenge in the Pamir region is that there is almost no data at all." Therefore, the researchers have to densify the observational mesh. "In light of all these challenges, we are not sure how accurate the input to the model is. But since it performed well against independent observations, we are quite confident about the output. Our work is a first step in the right direction."

Backpacks loaded with precious equipment

Since establishing the collaboration in 2021, while the Pellicciotti group was located at the Swiss Federal Institute for Forest, Snow and Landscape Research (WSL), the researchers have visited Tajikistan seven times. "We've planned field trips every summer with the local research institutes in Dushanbe and hiked with our backpacks loaded with precious equipment to set camp in remote mountains, cut off from the world. Having local scientists as part of the field trip not only favors close collaboration and scientific exchange but also helps us overcome the language barrier while interacting with the local inhabitants who depend on the glaciers," says Jouberton.




2025 marks a milestone as this summer's field trip was the last one within the project's current funding period. Among this year's goals were updating and automating the monitoring networks to ensure they remain functional for decades to come. By also sharing essential knowledge about the equipment's maintenance with local inhabitants, they hope to make their work more sustainable and reduce the need for frequent field trips. Up to now, they had to travel to exchange the equipment's internal batteries, maintain the stations' functionality, and collect their data using USB sticks.

Considerable local impact

The team's work relies on close cooperation with the locals. "The shepherds know us. They see us every year and often invite us for lunch. They know where we set up our stations and do their best to ensure that nothing disturbs the measurements," says Jouberton. The team discusses the data with the locals, shares information, and works in the wilderness amid the local inhabitants, their children, and livestock. Frequently, the locals report events that have happened in the mountains. "It is impressive to hear the locals tell us about things we only saw in satellite data. This gives a real and personal impact to our work."

The Kyzylsu catchment contributes to the drainage basin of the Amu Darya, one of the major rivers in Central Asia, whose water originates almost entirely from glaciers. The Amu Darya is also a former inflow of the now mostly dried-up Aral Sea. This inland sea has suffered from the ongoing decades-long diversion of its two main inflow rivers, the Amu Darya to the south and the Syr Darya to the northeast, to irrigate cotton fields created in the desert during Soviet times. "But the effects of the glaciers are the strongest in their immediate ecosystems," says Jouberton. "Even though the Kyzylsu Glacier and likely other Pamir glaciers seem to be melting faster and pumping more water into the system, it is unlikely that they will refill what's left of the Aral Sea."

The present study was conducted by researchers from the Pellicciotti group at the Institute of Science and Technology Austria (ISTA), previously at the Swiss Federal Research Institute WSL, Switzerland, in collaboration with scientists from the Institute of Environmental Engineering, ETH Zurich, Switzerland, the University of Zurich, Department of Geography, Glaciology and Geomorphodynamics Group, Switzerland, the Department of Geosciences, University of Fribourg, Switzerland, the Institut des Geosciences de l'Environnement, Universite Grenoble-Alpes, CNRS, IRD, France, the Department of Atmospheric and Cryospheric Sciences, University of Innsbruck, Austria, the Geophysical Institute, University of Alaska Fairbanks, USA, the Center for the Research of Glaciers of the Tajik Academy of Tajikistan, Dushanbe, Tajikistan, and the Mountain Societies Research Institute, University of Central Asia, Dushanbe, Tajikistan.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/09/250902085147.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Mysterious bone disease ravaged Brazil's giant dinosaurs | ScienceDaily
A set of bones belonging to sauropods, as long-necked dinosaurs are called, found in the municipality of Ibira in the state of Sao Paulo, Brazil, reveals that the region was conducive to a bone disease that was fatal to these animals.


						
Supported by FAPESP, the researchers found signs of osteomyelitis, a bone disease that can be caused by bacteria, viruses, fungi, or protozoa, in the fossils of six individuals from the Cretaceous period, approximately 80 million years ago.

The bones show no signs of regeneration, suggesting that the animals died with the disease still active, probably as a result of it. The study was published in the journal The Anatomical Record.

"There have been few findings of infectious diseases in sauropods, the first having been published recently. The bones we analyzed are very close to each other in time and from the same paleontological site, which suggests that the region provided conditions for pathogens to infect many individuals during that period," says Tito Aureliano, the first author of the study and a researcher at the Regional University of Cariri (URCA) in Crato, in the Brazilian state of Ceara.

One of the lesions was confined to the marrow. The other bones, which were also found between 2006 and 2023 at the Vaca Morta site, have lesions that extend from the marrow to the outer part. These lesions have a spongy texture, indicating vascularization in the region. This texture differentiates the lesions from other pathologies that can affect bone tissue, such as osteosarcoma and bone neoplasia, two types of cancer.

There were no signs of healing, which is when the bone tissue lost in the lesion is replaced by new tissue. This sign of regeneration is quite common in the fossil record of bones affected by bites from other dinosaurs.

Analysis

The study was supported by the Institute for the Study of Parasitic Hymenoptera in the Brazilian Southeast Region (HYMPAR), which is a National Institute of Science and Technology (INCT) supported by the National Council for Scientific and Technological Development (CNPq) and FAPESP.




At IEHYPA-Sudeste, which is coordinated by Angelica Maria Penteado Martins Dias, a professor at the Federal University of Sao Carlos (UFSCar), researchers analyzed the bones using a scanning electron microscope (SEM) and a stereomicroscope.

Three previously unknown manifestations of osteomyelitis were identified in the fossils. One set contained small protrusions, bone elevations, or "bumps" in a circular shape.

Other protrusions had a pattern similar to fingerprints and were elliptical in shape. Finally, a third set had round, wide marks that were larger than all the others. "These lesions could connect with muscles and skin and become exposed, oozing blood or pus," explains Aureliano.

It was impossible to determine exactly which bones were analyzed; however, it was known that one was a rib and the rest were from the lower limbs of small and giant species. It was also not possible to identify the cause of the infections.

In a 2021 study published in Cretaceous Research, researchers described the first case of bone infection caused by a blood parasite resulting in osteomyelitis. The bones in that case were from a small sauropod species, Ibirania parva, which was found in the same location as the fossils analyzed now.

The region, known as the Sao Jose do Rio Preto Formation - because it encompasses the municipality of the same name - had an arid climate with shallow, slow-moving rivers and large pools of standing water. In these environments, many dinosaurs became stuck and died, producing fossils.

"This environment probably favored pathogens, which may have been transmitted by mosquitoes or by the water itself that was ingested by the fauna, which included dinosaurs, turtles, and animals similar to today's crocodiles," says Aureliano.

The author also points out that the evidence provided by the study may be useful for future paleontological and archaeological work because it presents different manifestations of the same disease in bones and differentiates it from others.
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NASA finds Titan's alien lakes may be creating primitive cells | ScienceDaily
NASA research has shown that cell-like compartments called vesicles could form naturally in the lakes of Saturn's moon Titan.


						
Titan is the only world apart from Earth that is known to have liquid on its surface. However, Titan's lakes and seas are not filled with water. Instead, they contain liquid hydrocarbons like ethane and methane.

On Earth, liquid water is thought to have been essential for the origin of life as we know it. Many astrobiologists have wondered whether Titan's liquids could also provide an environment for the formation of the molecules required for life - either as we know it or perhaps as we don't know it - to take hold there.

New NASA research, published in the International Journal of Astrobiology, outlines a process by which stable vesicles might form on Titan, based on our current knowledge of the moon's atmosphere and chemistry. The formation of such compartments is an important step in making the precursors of living cells (or protocells).

The process involves molecules called amphiphiles, which can self-organize into vesicles under the right conditions. On Earth, these polar molecules have two parts, a hydrophobic (water-fearing) end and a hydrophilic (water-loving) end. When they are in water, groups of these molecules can bunch together and form ball-like spheres, like soap bubbles, where the hydrophilic part of the molecule faces outward to interact with the water, thereby 'protecting' the hydrophobic part on the inside of the sphere. Under the right conditions, two layers can form creating a cell-like ball with a bilayer membrane that encapsulates a pocket of water on the inside.

When considering vesicle formation on Titan, however, the researchers had to take into account an environment vastly different from the early Earth.

Uncovering Conditions on Titan 

Titan is Saturn's largest moon and the second largest in our solar system. Titan is also the only moon in our solar system with a substantial atmosphere.




The hazy, golden atmosphere of Titan kept the moon shrouded in mystery for much of human history. However, when NASA's Cassini spacecraft arrived at Saturn in 2004, our views of Titan changed forever.

Thanks to Cassini, we now know Titan has a complex meteorological cycle that actively influences the surface today. Most of Titan's atmosphere is nitrogen, but there is also a significant amount of methane (CH4). This methane forms clouds and rain, which falls to the surface to cause erosion and river channels, filling up the lakes and seas. This liquid then evaporates in sunlight to form clouds once again.

This atmospheric activity also allows for complex chemistry to happen. Energy from the Sun breaks apart molecules like methane, and the pieces then reform into complex organic molecules. Many astrobiologists believe that this chemistry could teach us how the molecules necessary for the origin of life formed and evolved on the early Earth.

Building Vesicles on Titan 

The new study considered how vesicles might form in the freezing conditions of Titan's hydrocarbon lakes and seas by focusing on sea-spray droplets, thrown upwards by splashing raindrops. On Titan, both spray droplets and the sea surface could be coated in layers of amphiphiles. If a droplet then lands on the surface of a pond, the two layers of amphiphiles meet to form a double-layered (or bilayer) vesicle, enclosing the original droplet. Over time, many of these vesicles would be dispersed throughout the pond and would interact and compete in an evolutionary process that could lead to primitive protocells.

If the proposed pathway is happening, it would increase our understanding of the conditions in which life might be able to form.

"The existence of any vesicles on Titan would demonstrate an increase in order and complexity, which are conditions necessary for the origin of life," explains Conor Nixon of NASA's Goddard Space Flight Center in Greenbelt, Maryland. "We're excited about these new ideas because they can open up new directions in Titan research and may change how we search for life on Titan in the future."

NASA's first mission to Titan is the upcoming Dragonfly rotorcraft, which will explore the surface of the Saturnian moon. While Titan's lakes and seas are not a destination for Dragonfly (and the mission won't carry the light-scattering instrument required to detect such vesicles), the mission will fly from location to location to study the moon's surface composition, make atmospheric and geophysical measurements, and characterize the habitability of Titan's environment.
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Scientists fear the Atlantic's great ocean conveyor could shut down | ScienceDaily
Under high-emission scenarios, the Atlantic Meridional Overturning Circulation (AMOC), a key system of ocean currents that also includes the Gulf Stream, could shut down after the year 2100. This is the conclusion of a new study, with contributions by the Potsdam Institute for Climate Impact Research (PIK). The shutdown would cut the ocean's northward heat supply, causing summer drying and severe winter extremes in northwestern Europe and shifts in tropical rainfall belts.


						
"Most climate projections stop at 2100. But some of the standard models of the IPCC - the Intergovernmental Panel on Climate Change - have now run centuries into the future and show very worrying results," says Sybren Drijfhout from the Royal Netherlands Meteorological Institute, the lead author of the study published in Environmental Research Letters. "The deep overturning in the northern Atlantic slows drastically by 2100 and completely shuts off thereafter in all high-emission scenarios, and even in some intermediate and low-emission scenarios. That shows the shutdown risk is more serious than many people realize."

Collapse of deep convection in winter as the tipping point 

The AMOC carries sun-warmed tropical water northward near the surface and sends colder, denser water back south at depth. This ocean "conveyor belt" helps keep Europe relatively mild and influences weather patterns worldwide. In the simulations, the tipping point that triggers the AMOC shutdown is a collapse of deep convection in winter in the Labrador, Irminger and Nordic Seas. Global heating reduces winter heat loss from the ocean, because the atmosphere is not cool enough. This starts to weaken the vertical mixing of ocean waters: The sea surface stays warmer and lighter, making it less prone to sinking and mixing with deeper waters. This weakens the AMOC, resulting in less warm, salty water flowing northward.

In northern regions, then, surface waters become cooler and less saline, and this reduced salinity makes the surface water even lighter and less likely to sink. This creates a self-reinforcing feedback loop, triggered by atmospheric warming but perpetuated by weakened currents and water desalination.

"In the simulations, the tipping point in key North Atlantic seas typically occurs in the next few decades, which is very concerning," says Stefan Rahmstorf, Head of PIK's Earth System Analysis research department and co-author of the study. After the tipping point the shutdown of the AMOC becomes inevitable due to a self-amplifying feedback. The heat released by the far North Atlantic then drops to less than 20 percent of the present amount, in some models almost to zero, according to the study.

Lead author Drijfhout adds that "recent observations in these deep convection regions already show a downward trend over the past five to ten years. It could be variability, but it is consistent with the models' projections."

It is crucial to cut emissions fast

To arrive at these results, the research team analyzed CMIP6 (Coupled Model Intercomparison Project) simulations, which were used in the latest IPCC Assessment Report, with extended time horizons to years from 2300 to 2500. In all nine high-emission simulations, the models evolve into a weak, shallow circulation state with the deep overturning shutting down; this result is produced in some intermediate and low-emission simulations as well. In every case, this change follows a mid-century collapse of the deep convection in North Atlantic seas.

"A drastic weakening and shutdown of this ocean current system would have severe consequences worldwide," PIK researcher Rahmstorf points out. "In the models, the currents fully wind down 50 to 100 years after the tipping point is breached. But this may well underestimate the risk: these standard models do not include the extra fresh water from ice loss in Greenland, which would likely push the system even further. This is why it is crucial to cut emissions fast. It would greatly reduce the risk of an AMOC shutdown, even though it is too late to eliminate it completely."
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A monster seaweed bloom is taking over the Atlantic | ScienceDaily
Researchers at Florida Atlantic University's Harbor Branch Oceanographic Institute have released a landmark review tracing four decades of changes in pelagic sargassum - free-floating brown seaweed that plays a vital role in the Atlantic Ocean ecosystem.


						
Once thought to be primarily confined to the nutrient-poor waters of the Sargasso Sea, sargassum is now recognized as a rapidly growing and widely distributed marine organism, whose expansion across the Atlantic is closely linked to both natural processes and human-induced nutrient enrichment.

The review, published in the journal Harmful Algae, sheds new light on the origins and development of the Great Atlantic Sargassum Belt, a massive recurring bloom of sargassum that stretches across the Atlantic Ocean from the coast of West Africa to the Gulf of America.

Since its first appearance in 2011, this belt has formed nearly every year - except in 2013 - and in May, reached a new record biomass of 37.5 million tons. This does not include the baseline biomass of 7.3 million tons historically estimated in the Sargasso Sea.

By combining historical oceanographic observations, modern satellite imagery, and advanced biogeochemical analyses, this review provides a comprehensive framework for understanding the dramatic changes in sargassum distribution, productivity and nutrient dynamics. It also highlights the broader implications of anthropogenic nutrient enrichment on ocean ecology and the need for coordinated international efforts to monitor and manage the impacts of these massive seaweed blooms.

"Our review takes a deep dive into the changing story of sargassum - how it's growing, what's fueling that growth, and why we're seeing such a dramatic increase in biomass across the North Atlantic," said Brian Lapointe, Ph.D., lead author and a research professor at FAU Harbor Branch. "By examining shifts in its nutrient composition - particularly nitrogen, phosphorus and carbon - and how those elements vary over time and space, we're beginning to understand the larger environmental forces at play."

Early in the review, Lapointe and co-authors Deanna F. Webber, research coordinator; and Rachel Brewton, Ph.D., an assistant research professor, both with FAU Harbor Branch, explain that early oceanographers charted the Sargasso Sea based on surface sightings of sargassum, believing the seaweed thrived in its warm, clear, but nutrient-poor waters. However, this notion created a paradox when mid-20th-century oceanographers described the region as a "biological desert."

However, recent satellite observations, ocean circulation models, and field studies have resolved this paradox by tracing the seasonal transport of sargassum from nutrient-rich coastal areas, particularly the western Gulf of America, to the open ocean via the Loop Current and Gulf Stream. These findings support early theories by explorers who proposed that Gulf-originating sargassum could feed populations in the Sargasso Sea.




Remote sensing technology played a pivotal role in these discoveries. In 2004 and 2005, satellites captured extensive sargassum windrows - long, narrow lines or bands of floating sargassum - in the western Gulf of America, a region experiencing increased nutrient loads from river systems such as the Mississippi and Atchafalaya.

"These nutrient-rich waters fueled high biomass events along the Gulf Coast, resulting in mass strandings, costly beach cleanups and even the emergency shutdown of a Florida nuclear power plant in 1991," Lapointe said. "A major focus of our review is the elemental composition of sargassum tissue and how it has changed over time."

Laboratory experiments and field research dating back to the 1980s confirmed that sargassum grows more quickly and is more productive in nutrient-enriched neritic waters than in the oligotrophic waters of the open ocean. Controlled studies revealed that the two primary species, sargassum natans and sargassum fluitans, can double their biomass in just 11 days under optimal conditions. These studies also established that phosphorus is often the primary limiting nutrient for growth, although nitrogen also plays a critical role.

From the 1980s to the 2020s, the nitrogen content of sargassum increased by more than 50%, while phosphorus content decreased slightly, leading to a sharp rise in the nitrogen-to-phosphorus (N:P) ratio.

"These changes reflect a shift away from natural oceanic nutrient sources like upwelling and vertical mixing, and toward land-based inputs such as agricultural runoff, wastewater discharge and atmospheric deposition," said Lapointe. "Carbon levels in sargassum also rose, contributing to changes in overall stoichiometry and further highlighting the impact of external nutrient loading on marine primary producers."

The review also explores how nutrient recycling within sargassum windrows, including excretion by associated marine organisms and microbial breakdown of organic matter, can sustain growth in nutrient-poor environments. This micro-scale recycling is critical in maintaining sargassum populations in parts of the ocean that would otherwise not support high levels of productivity.




Data from sargassum collected near the Amazon River mouth support the hypothesis that nutrient outflows from this major river contribute significantly to the development of the GASB. Variations in sargassum biomass have been linked to flood and drought cycles in the Amazon basin, further connecting land-based nutrient inputs to the open ocean.

The formation of the GASB appears to have been seeded by an extreme atmospheric event - the negative phase of the North Atlantic Oscillation in 2009 to 2010, which may have helped shift surface waters and sargassum from the Sargasso Sea southward into the tropical Atlantic.

However, the researchers caution that there is no direct evidence of this movement. Moreover, genetic and morphological data suggest that some sargassum populations, particularly the dominant S. natans var. wingei, were already present in the tropical Atlantic prior to 2011, indicating that this region may have had an overlooked role in the early development of the GASB.

"The expansion of sargassum isn't just an ecological curiosity - it has real impacts on coastal communities. The massive blooms can clog beaches, affect fisheries and tourism, and pose health risks," said Lapointe. "Understanding why sargassum is growing so much is crucial for managing these impacts. Our review helps to connect the dots between land-based nutrient pollution, ocean circulation, and the unprecedented expansion of sargassum across an entire ocean basin."

This work was funded by the Florida Department of Emergency Management, United States Environmental Protection Agency, South Florida Program Project, and the NOAA Monitoring and Event Response for Harmful Algal Blooms program. Historical studies included within the review were funded by the NASA Ocean Biology and Biogeochemistry Program and Ecological Forecast Program, NOAA RESTORE Science Program, National Science Foundation, "Save Our Seas" Specialty License Plate and discretionary funds, granted through the Harbor Branch Oceanographic Institute Foundation, and a Red Wright Fellowship from the Bermuda Biological Station.
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The midlife crisis is over, but something worse took its place | ScienceDaily
A new survey-based study suggests that the "unhappiness hump" -- a widely documented rise in worry, stress, and depression with age that peaks in midlife and then declines -- may have disappeared, perhaps due to declining mental health among younger people. David Blanchflower of Dartmouth College, U.S., and colleagues present these findings in the open-access journal PLOS One on August 27, 2025.


						
Since 2008, a U-shaped trend in well-being with age, in which well-being tends to decline from childhood until around age 50 before rebounding in old age, has been observed in developed and developing countries worldwide. Data have also revealed a corresponding "ill-being" or unhappiness hump.

Recent data point to a worldwide decline in well-being among younger people, but most studies have not directly addressed potential implications for the unhappiness hump. To help clarify, Blanchflower and colleagues first analyzed data from U.S. and U.K. surveys that included questions about participants' mental health. U.S. data included responses from more than 10 million adults surveyed by the Centers for Disease Control and Prevention between 1993 and 2024. U.K. data spanned 2009 through 2023 and were collected in the ongoing U.K. Household Longitudinal Study, which involves 40,000 households.

The analysis showed that, in the U.S. and the U.K., the ill-being hump has disappeared, such that ill-being / unhappiness now tends to decline over the course of a lifetime. Ill-being among people in their late 40s and older did not change significantly. Instead, the hump's disappearance appears to be due to a decline in mental health among younger people.

Next, the researchers analyzed data on nearly 2 million people from 44 countries, including the U.S. and the U.K., from a mental health study called Global Minds. Covering the years 2020 through 2025, these data suggest the unhappiness hump has disappeared worldwide.

Reasons for the disappearance of the unhappiness hump are unclear. The authors suggest several possibilities, including long-term impacts of the Great Recession on job prospects for younger people, underfunded mental health care services, mental health challenges posed by the COVID-19 pandemic, and increased social media use. Further research is needed to determine whether any of these or other factors are at play.

The authors add: "Ours is the first paper to show that the decline in young people's mental health in recent years means that today, both in the United States and the United Kingdom, mental ill-being is highest among the young and declines with age. This is a huge change from the past when mental ill-being peaked in middle-age. The reasons for the change are disputed but our concern is that today there is a serious mental health crisis among the young that needs addressing."
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        The fat you can't see may be damaging your heart, even if you exercise
        Hidden fat wrapped around organs, known as visceral fat, has now been linked to faster heart aging. Using AI and imaging from more than 21,000 people in the UK Biobank, scientists found that this invisible belly fat accelerates stiffening and inflammation of the heart, while fat stored around hips and thighs may actually protect women.

      

      
        Baby pterosaurs died in ancient storms--and their fossils reveal the truth
        Two tiny pterosaurs, preserved for 150 million years, have revealed a surprising cause of death: violent storms. Researchers at the University of Leicester discovered both hatchlings, nicknamed Lucky and Lucky II, with broken wings--injuries consistent with being tossed through the air by powerful gusts. These storms not only claimed their lives but also created the rare conditions that preserved them so perfectly in the Solnhofen limestones.

      

      
        Ghost sharks grow teeth on their heads to mate
        Ghost sharks have evolved rows of true teeth on a bizarre forehead rod used for mating. Fossil and genetic evidence revealed the tenaculum's teeth develop the same way as those inside the mouth, offering a striking example of evolution's ability to repurpose biological tools.

      

      
        Woolly mammoth teeth reveal the world's oldest microbial DNA
        Scientists have uncovered microbial DNA preserved in mammoth remains dating back more than one million years, revealing the oldest host-associated microbial DNA ever recovered. By sequencing nearly 500 specimens, the team identified ancient bacterial lineages--including some linked to modern elephant diseases--that coexisted with mammoths for hundreds of thousands of years. These discoveries shed light on the deep evolutionary history of microbes, their role in megafaunal health, and how they may h...

      

      
        Earth's inner core exists only because of carbon
        New research reveals that carbon made it possible for Earth's molten core to freeze into a solid heart, stabilizing the magnetic field that protects our planet. Without it, Earth's deep interior -- and life above -- might look very different.

      

      
        Scientists reveal how breakfast timing may predict how long you live
        Meal timing shifts with age, and researchers found that eating breakfast later is tied to depression, fatigue, sleep problems, and an increased risk of death. Monitoring when meals are eaten could provide an easy health marker for aging adults.

      

      
        Fossil reveals a 310-million-year-old fish that ate with a hidden second jaw
        Scientists uncovered a 310-million-year-old fish fossil with a "tongue bite," teeth on the roof and floor of its mouth that worked like a second jaw. This adaptation, previously thought to have appeared much later, shows how fish rapidly experimented with new feeding strategies after mass extinction.

      

      
        Scientists reveal how breathwork unlocks psychedelic bliss in the brain
        High-ventilation breathwork with music can evoke psychedelic-like states, shifting blood flow in the brain and reducing negative emotions. Participants experienced unity and bliss, pointing to a natural therapeutic tool with powerful potential.

      

      
        NASA finds Titan's alien lakes may be creating primitive cells
        Saturn's moon Titan may be more alive with possibilities than we thought. New NASA research suggests that in Titan's freezing methane and ethane lakes, simple molecules could naturally arrange themselves into vesicles--tiny bubble-like structures that mimic the first steps toward life. These compartments, born from splashing droplets and complex chemistry in Titan's atmosphere, could act like primitive cell walls.
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The fat you can't see may be damaging your heart, even if you exercise | ScienceDaily


						
[image: Hidden Belly Fat Ages the Heart Faster]
 Two MRI scans, showing the person on left with more visceral fat (in red) and subcutaeous fat (in blue). Credit: AMRA Medical

 





						Excessive amounts of visceral fat -- the hidden fat surrounding organs -- is linked with faster aging of the heart, a new study has found.

Aging is the biggest risk factor for heart disease, but why some people age faster than others isn't fully understood. The scientists leading the research say that visceral body fat could play an important role in accelerating aging of the heart and blood vessels. This type of fat is known to be harmful to health and this study now links it to faster heart aging.

The study, led by scientists from the Medical Research Council (MRC) Laboratory of Medical Sciences, in London, UK, also found differences between men and women, and discovered that fat around the hips and thighs could potentially slow heart aging in women.

In the study, published in the European Heart Journal, the scientists analyzed data from 21,241 participants in UK Biobank, which includes whole body imaging to map the amount of fat and where it is located in the body.

The UK Biobank data also includes detailed imaging of the heart and blood vessels. Artificial intelligence was used to analyse these images to capture signs of organ aging -- such as tissues becoming stiff and inflamed. An individual was given a "heart age" which can be compared to their actual age at the time of the scan.

The researchers found that faster heart aging was linked to having more visceral adipose tissue. Visceral adipose tissue is fat found deep inside the abdomen around organs such as the stomach, intestines, and liver. This type of fat cannot be seen from the outside, and some people can have large amounts of visceral fat despite having a healthy weight.

The researchers found signs on blood tests that visceral fat is linked to increased inflammation in the body - which is a potential cause of premature aging.

They also found differences between the sexes. Male-type fat distribution (fat around the belly, often called 'apple' shaped) was particularly predictive of early aging in men.

In contrast, a genetic predisposition to female-type fat (fat on the hips and thighs, often called "pear" shaped) was protective against heart aging in women.

The researchers also found a link between higher oestrogen levels in premenopausal women and a slowing of heart aging, which they suggest could indicate a role for hormones in protecting against heart aging.

Professor Declan O'Regan, who led the research at the MRC Laboratory of Medical Sciences and Imperial College London, and is the British Heart Foundation Professor of Cardiovascular AI, said: "We have known about the apple and pear distinction in body fat, but it hasn't been clear howit leads to poor health outcomes. Our research shows that "bad" fat, hidden deep around the organs, accelerates aging of the heart. But some types of fat could protect against aging- specifically fat around the hips and thighs in women."

"We also showed that BMI wasn't a good way of predicting heart age which underscores the importance of knowing where fat is stored in the body and not just total body weight."

"The goal of our research is to find ways to increase healthy lifespan. While being active is important, we found that hidden fat could still be harmful even in fit people. In the future we plan to investigate how drug therapies, such as GLP-1 inhibitors (e.g. Ozempic) could improve not just diabetes and obesity, but target the aging effects of hidden visceral fat."

This study was funded by the Medical Research Council, British Heart Foundation, and the National Institute for Health and Care Research Imperial College Biomedical Research Centre.

Professor Bryan Williams OBE, chief scientific and medical officer at the British Heart Foundation said: "We already know excess visceral fat around the heart and liver can lead to increased blood pressure and high cholesterol, so it is concerning that it could also help to speed up aging of the heart and blood vessels.

"As the pattern of fat distribution typically seen in women's bodies is linked to oestrogen, that hormone may be key to future therapies developed to tackle heart aging.

"Eating a healthier diet and becoming more active can help to reduce visceral fat levels."
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Baby pterosaurs died in ancient storms-and their fossils reveal the truth | ScienceDaily
The cause of death for two baby pterosaurs has been revealed by University of Leicester paleontologists in a post-mortem 150 million years in the making.


						
Detailed in a new study in the journal Current Biology, their findings show how these flying reptiles were tragically struck down by powerful storms that also created the ideal conditions to preserve them and hundreds more fossils like them.

The Mesozoic, or age of reptiles, is often imagined as a time of giants. Towering dinosaurs, monstrous marine reptiles, and vast-winged pterosaurs dominate museum halls and the public consciousness. But this familiar picture is skewed. Just as today's ecosystems are mostly populated by small animals, so too were ancient ones. The difference? Fossilization tends to favor the largest and the most robust organisms. Small, fragile creatures rarely make it into the paleontological record.

On rare occasions, however, nature conspires to preserve the delicate and the diminutive inhabitants of these lost worlds. One of the most famous examples is the 150-million-year-old Solnhofen Limestones of southern Germany. These lagoonal deposits are renowned for their exquisitely preserved fossils, including many specimens of pterosaurs, the flying reptiles of the Mesozoic.

Yet here lies a mystery: while Solnhofen has yielded hundreds of pterosaur fossils, nearly all are very small, very young individuals, perfectly preserved. By contrast, larger, adult pterosaurs are rarely found, and when they are, they're represented only by fragments (often isolated skulls or limbs). This pattern runs counter to expectations: larger, more robust animals should stand a better chance of fossilization than delicate juveniles.

Lead author of the study Rab Smyth, from the University of Leicester's Centre for Palaeobiology and Biosphere Evolution, was funded by the Natural Environment Research Council through the CENTA Doctoral Training Partnership

Rab said: "Pterosaurs had incredibly lightweight skeletons. Hollow, thin-walled bones are ideal for flight but terrible for fossilization. The odds of preserving one are already slim and finding a fossil that tells you how the animal died is even rarer."

The discovery of two baby pterosaurs with broken wings has helped to solve this mystery. These tiny fossils, though easily overlooked, are powerful evidence of ancient tropical storms and how they shaped the fossil record.




Ironically nicknamed Lucky and Lucky II by the researchers, the two individuals belong to Pterodactylus, the first pterosaur ever scientifically named. With wingspans of less than 20 cm (8 inches) these hatchlings are among the smallest of all known pterosaurs. Their skeletons are complete, articulated and virtually unchanged from when they died. Except for one detail. Both show the same unusual injury: a clean, slanted fracture to the humerus. Lucky's left wing and Lucky II's right wing were both broken in a way that suggests a powerful twisting force, likely the result of powerful gusts of wind rather than a collision with a hard surface.

Catastrophically injured, the pterosaurs plunged into the surface of the lagoon, drowning in the storm driven waves and quickly sinking to the seabed where they were rapidly buried by very fine limy muds stirred up by the death storms. This rapid burial allowed for the remarkable preservation seen in their fossils.

Like Lucky I and II, which were only a few days or weeks old when they died, there are many other small, very young pterosaurs in the Solnhofen Limestones, preserved in the same way as the Luckies, but without obvious evidence of skeletal trauma. Unable to resist the strength of storms these young pterosaurs were also flung into the lagoon. This discovery explains why smaller fossils are so well preserved - they were a direct result of storms - a common cause of death for pterosaurs that lived in the region.

Larger, stronger individuals, it seems, were able to weather the storms and rarely followed the Luckies stormy road to death. They did eventually die though but likely floated for days or weeks on the now calm surfaces of the Solnhofen lagoon, occasionally dropping parts of their carcasses into the abyss as they slowly decomposed.

"For centuries, scientists believed that the Solnhofen lagoon ecosystems were dominated by small pterosaurs," said Smyth. "But we now know this view is deeply biased. Many of these pterosaurs weren't native to the lagoon at all. Most are inexperienced juveniles that were likely living on nearby islands that were unfortunately caught up in powerful storms."

Co-author Dr David Unwin from the University of Leicester added: "When Rab spotted Lucky we were very excited but realized that it was a one-off. Was it representative in any way? A year later, when Rab noticed Lucky II we knew that it was no longer a freak find but evidence of how these animals were dying. Later still, when we had a chance to light-up Lucky II with our UV torches, it literally leapt out of the rock at us -- and our hearts stopped. Neither of us will ever forget that moment."

This research was supported by the Central England NERC Training Alliance (CENTA), under grant number NE/S007350/1.
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Ghost sharks grow teeth on their heads to mate | ScienceDaily
Male "ghost sharks" -- eerie deep-sea fish known as chimaeras that are related to sharks and rays -- have a strange rod jutting from their foreheads, studded with sharp, retractable teeth. New research reveals these are not merely lookalikes, but real rows of teeth that grow outside the mouth.


						
What's more, the toothy appendage is likely used for mating. Found only in males, the forehead rod -- called a tenaculum -- is the ghost sharks' only source of distinct teeth, and it seems to be used to grasp females in much the same way sharks use their toothy mouths in mating.

"If these strange chimaeras are sticking teeth on the front of their head, it makes you think about the dynamism of tooth development more generally," said Gareth Fraser, Ph.D., a professor of biology at the University of Florida and senior author of the study. "If chimaeras can make a set of teeth outside the mouth, where else might we find teeth?"

The team, including scientists from the University of Washington and the University of Chicago, studied both fossils and living specimens to solve the mystery. A 315-million-year-old fossil showed the tenaculum attached to the upper jaw, bearing teeth incredibly similar to those in the mouth. Modern chimaeras collected from Puget Sound revealed the same tooth-growing process on the head, seen in modern-day shark jaws. And genetic testing confirmed they expressed the same tooth-specific genes as oral teeth.

"What we found is that the teeth on this strange appendage look very much like rows of shark teeth. The ability to make teeth transferred onto that appendage, likely from the mouth," Fraser said. "Over time, the tenaculum shortened but retained the ability to make oral teeth on this forehead appendage."

Fraser collaborated with Washington's Karly Cohen, Ph.D., and Michael Coates, Ph.D., from Chicago on the study, which was published this week in the Proceedings of the National Academy of Sciences.

As experts in shark evolution and anatomy, the scientists were intrigued by these tooth-filled rods sprouting from the ghost shark foreheads. The central mystery: Is the tenaculum covered in true teeth related to oral teeth or more similar to the tooth-like scales plastering the skin of sharks and some ghost sharks?




CT scans of the fossils and modern chimaeras gave the scientists unprecedented, detailed insights into the development of the tenaculum teeth, which looked remarkably similar to the teeth of today's sharks. The nail in the coffin came from genetic evidence. The tenaculum teeth express genes found only in true teeth, never in shark skin denticles.

"What I think is very neat about this project is that it provides a beautiful example of evolutionary tinkering or 'bricolage,'" said Coates, a professor of biology at the University of Chicago. "We have a combination of experimental data with paleontological evidence to show how these fishes co-opted a preexisting program for manufacturing teeth to make a new device that is essential for reproduction."

Cohen, a postdoctoral researcher at the University of Washington's Friday Harbor Labs and first author of the paper, said scientists had never spotted teeth outside the mouth in this way before.

"The tenaculum is a developmental relic, not a bizarre one-off, and the first clear example of a toothed structure outside the jaw," she said.

The bizarre path from a mouth full of teeth to forehead teeth used for mating demonstrates the impressive flexibility of evolution, the researchers say, always ready to repurpose structures for strange and unexpected new uses.

"There are still plenty of surprises down in the ocean depths that we have yet to uncover," Fraser said.
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Woolly mammoth teeth reveal the world's oldest microbial DNA | ScienceDaily
An international team led by researchers at the Centre for Palaeogenetics, has uncovered microbial DNA preserved in woolly and steppe mammoth remains dating back more than one million years. The analyses reveal some of the world's oldest microbial DNA ever recovered, as well as the identification of bacteria that possibly caused disease in mammoths. The findings are published in Cell.


						
Researchers at the Centre for Palaeogenetics, a collaboration between Stockholm University and the Swedish Museum of Natural History, analyzed microbial DNA from 483 mammoth specimens, of which 440 were sequenced for the first time. Among them was a steppe mammoth that lived about 1.1 million years ago. Using advanced genomic and bioinformatic techniques, the team distinguished microbes that once lived alongside the mammoths from those that invaded their remains after death.

"Imagine holding a million-year-old mammoth tooth. What if I told you it still carries traces of the ancient microbes that lived together with this mammoth? Our results push the study of microbial DNA back beyond a million years, opening up new possibilities to explore how host-associated microbes evolved in parallel with their hosts," says Benjamin Guinet, a postdoctoral fellow at the Centre for Palaeogenetics and lead author of the study.

Six microbial clades persisted across time and space

The analyses identified six microbial groups consistently associated with mammoth hosts, including relatives of Actinobacillus, Pasteurella, Streptococcus, and Erysipelothrix. Some of these microbes may have been pathogenic. For instance, one Pasteurella-related bacterium identified in the study is closely related to a pathogen that has caused fatal outbreaks in African elephants. Since African and Asian elephants are the closest living relatives of mammoths, these findings raise questions about whether mammoths may also have been vulnerable to similar infections.

Remarkably, the team reconstructed partial genomes of Erysipelothrix from a 1.1-million-year-old steppe mammoth, representing the oldest known host-associated microbial DNA ever recovered. This pushes the limits of what researchers can learn about the interactions between ancient hosts and their microbiomes.

"As microbes evolve fast, obtaining reliable DNA data across more than a million years was like following a trail that kept rewriting itself. Our findings show that ancient remains can preserve biological insights far beyond the host genome, offering us perspectives on how microbes influenced adaptation, disease, and extinction in Pleistocene ecosystems," says Tom van der Valk, senior author and researcher at the Centre for Palaeogenetics.

A new window into ancient ecosystems

Although the exact impact of the identified microbes on mammoth health is difficult to determine due to DNA degradation and limited comparative data, the study provides an unprecedented glimpse into the microbiomes of extinct megafauna. The results suggest that some microbial lineages coexisted with mammoths for hundreds of thousands of years, spanning both wide geographic ranges and evolutionary timescales, from over one million years ago to the extinction of woolly mammoths on Wrangel Island about 4,000 years ago.

"This work opens a new chapter in understanding the biology of extinct species. Not only can we study the genomes of mammoths themselves, but we can now begin to explore the microbial communities that lived inside them," says Love Dalen, Professor of Evolutionary Genomics at the Centre for Palaeogenetics.
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Earth's inner core exists only because of carbon | ScienceDaily
A new study by researchers at the University of Oxford, University of Leeds, and University College London has identified a new constraint on the chemistry of Earth's core, by showing how it was able to crystallize millions of years ago. The study was published today (September 4) in Nature Communications.


						
The researchers showed that the core would need to be made of 3.8% carbon for it to have begun crystallizing. This result indicates that carbon may be more abundant in Earth's core than previously thought, and that this element could have played a key role in how it froze, offering a rare glimpse into the processes occurring at the heart of our planet.

Earth's inner core, the solid iron-rich mass at the center of our planet, is slowly growing as the surrounding molten outer core cools and freezes. But this process has been a source of debate amongst scientists for decades.

Inner core formation is not just a matter of determining when the core cooled to its freezing point, but instead involves the process of crystallization which depends on its exact chemical composition. Like water droplets in clouds, which can cool to -30 degC before forming hail, molten iron must be supercooled (cooled to below its melting point) before it can freeze.

Previous calculations have suggested that 800-1000 degC of supercooling would be needed to initiate freezing of the core if it were made of pure iron.

However, if the core is supercooled to this degree, researchers have shown that the inner core would grow massively, and the Earth's magnetic field would fail. But neither of these outcomes have occurred during our planet's history. Instead, scientists believe that in the past, the core could have cooled to no more than about 250 degC below its melting point.

This new research aimed to understand how the inner core exists as observed today with such limited supercooling in the past. Without direct access to the Earth's deep interior, the research team needed to rely on computer simulations of the freezing process.




They looked at the presence of other elements, specifically silicon, sulphur, oxygen, and carbon, and how these might affect the freezing process.

"Each of these elements exist in the overlying mantle and could therefore have been dissolved into the core during Earth's history," explained co-author Associate Professor Andrew Walker (Department of Earth Sciences, University of Oxford). "As a result, these could explain why we have a solid inner core with relatively little supercooling at this depth. The presence of one or more of these elements could also rationalise why the core is less dense than pure iron, a key observation from seismology."

Using atomic-scale computer simulations of around 100,000 atoms at supercooled temperatures and pressures equivalent to those in the inner core, the research team tracked how often small crystal-like clusters of atoms formed from a liquid. These "nucleation" events are the first steps toward freezing.

What they found was surprising: silicon and sulphur, elements often assumed to be present in the core, actually slow down the freezing process. In other words, more supercooling would be needed to start forming the inner core if these elements were abundant in that part of the Earth.

On the other hand, they found that carbon helped to accelerate freezing in the simulation.

In the study, the researchers tested how much supercooling would be required to freeze the inner core if 2.4% of the core's mass were made of carbon. The result: about 420 degC, still too high, but the closest result to viability yet.




But when they extrapolated their results to a case where 3.8% of the core's mass is carbon, the required supercooling dropped to 266 degC. This is the only known composition that could explain both the nucleation and observed size of the inner core.

This result indicates that carbon may be more abundant in Earth's core than previously thought, and that without this element, the formation of a solid inner core may never have happened.

The experiments also show that inner core freezing was possible with just the right chemistry, and unlike water when it forms hail, it did so without "nucleation seeds," tiny particles which help to initiate freezing. This is vital, because when tested in previous simulations, all of the candidates for nucleation seeds in the core have melted or dissolved.

Lead author Dr Alfred Wilson (School of Earth and Environment, University of Leeds) said: "It is exciting to see how atomic scale processes control the fundamental structure and dynamics of our planet. By studying how Earth's inner core formed, we are not just learning about our planet's past. We're getting a rare glimpse into the chemistry of a region we can never hope to reach directly and learning about how it could change in the future."

Scientists have debated when the inner core began to solidify for decades, with some arguing for an ancient inner core (with freezing beginning more than two billion years ago) and others suggesting a much younger age (less than half a billion years). With this new information about the carbon content of the core, we are one step closer to constraining its chemistry and physical properties, and therefore how it evolved.

The work was funded by the Natural Environment Research Council (NERC).
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Scientists reveal how breakfast timing may predict how long you live | ScienceDaily
As we age, what and how much we eat tends to change. However, how meal timing relates to our health remains less understood. Researchers at Mass General Brigham and their collaborators studied changes to meal timing in older adults and discovered people experience gradual shifts in when they eat meals as they age. They also found characteristics that may contribute to meal timing shifts and revealed specific trajectories linked to an earlier death. The results are published in Communications Medicine.


						
"Our research suggests that changes in when older adults eat, especially the timing of breakfast, could serve as an easy-to-monitor marker of their overall health status. Patients and clinicians can possibly use shifts in mealtime routines as an early warning sign to look into underlying physical and mental health issues," said lead author Hassan Dashti, PhD, RD, a nutrition scientist and circadian biologist at Massachusetts General Hospital, a founding member of the Mass General Brigham healthcare system. "Also, encouraging older adults in having consistent meal schedules could become part of broader strategies to promoting healthy aging and longevity."

Dashti and his colleagues -- including senior author Altug Didikoglu, MSc, PhD, of the Izmir Institute of Technology in Turkey -- examined key aspects of meal timing that are significant for aging populations to determine whether certain patterns might signal, or even influence, health outcomes later in life. The research team analyzed data, including blood samples, from 2,945 community-dwelling adults in the UK aged 42-94 years old who were followed for more than 20 years. They found that as older adults age, they tend to eat breakfast and dinner at later times, while also narrowing the overall time window in which they eat each day.

Later breakfast time was consistently associated with having physical and mental health conditions such as depression, fatigue and oral health problems. Difficulty with meal preparation and worse sleep were also linked with later mealtimes. Notably, later breakfast timing was associated with an increased risk of death during follow-up. Individuals genetically predisposed to characteristics associated with being a "night owl" (preferring later sleep and wake times) tended to eat meals at later times.

"Up until now, we had a limited insight into how the timing of meals evolves later in life and how this shift relates to overall health and longevity," said Dashti. "Our findings help fill that gap by showing that later meal timing, especially delayed breakfast, is tied to both health challenges and increased mortality risk in older adults. These results add new meaning to the saying that 'breakfast is the most important meal of the day,' especially for older individuals."

Dashti noted that this has important implications as time-restricted eating and intermittent fasting gain popularity, where the health impacts of shifting meal schedules may differ significantly in aging populations from those in younger adults.

Authorship: In addition to Dashti, Mass General Brigham authors include Chloe Liu, Hao Deng and Anushka Sharma.

Funding: This study was supported by the National Institute of Health (R00HL153795).
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Fossil reveals a 310-million-year-old fish that ate with a hidden second jaw | ScienceDaily
Experts have uncovered the earliest known example of a fish with extra teeth deep inside its mouth - a 310-million-year-old fossilized ray-finned fish that evolved a unique way of devouring prey.


						
Platysomus parvulus had a unique way of eating never seen in ray-finned fish from that time - a 'tongue bite', using a special set of teeth on the floor and roof of the mouth to help it crush and chew tough food like shells or insects.

Most fish today use their jaws to bite and chew, but some also have tongue bites, which work like a second set of jaws. Until now, the oldest known fish with such a dental arrangement lived about 150 million years later

Publishing their findings on September in Biology Letters, the international research team used high-resolution CT scanning to reconstruct the internal anatomy of the fossil, which was discovered in Carboniferous rock formations in the UK county of Staffordshire.

Supported by the Royal Society, the National Science Foundation, and the Natural Environment Research Council, the researchers discovered a sophisticated arrangement of tooth plates on the roof of the fish's mouth and the gill skeleton.

Lead author Professor Sam Giles, from the University of Birmingham, commented: "Our discovery helps us understand how fish evolved after the End-Devonian Mass Extinction, which wiped out many species. After this extinction event, fish started to change and develop new body shapes and ways of feeding.

"Tongue bites have evolved many times in different fish groups - including in modern ones such as trout and bonefish, demonstrating that it is a useful tool that helps fish eat a wider variety of food and survive in different environments."

The tongue bite mechanism involves opposing sets of teeth--one on the roof of the mouth and another on the gill skeleton--that work together to grip and crush prey.




The Platysomus fossil studied is uniquely preserved in 3D, allowing researchers to peer inside its mouth and digitally dissect its anatomy. This reveals a multi-part lower tooth plate and narrow upper plate, both bearing a single layer of pointed teeth--suggesting a transitional stage in the evolution of more advanced tongue bite systems seen in later fish like Bobasatrania.

Co-author Dr Matthew Kolmann, from the University of Louisville, commented: "Later fish, like the Bobasatrania group, had more advanced tongue bites and did not use their jaws at all, relying on their tongue bite to crush hard food. Platysomus parvulus is like a missing link between simple jawed fish and more advanced tongue-biters."

The discovery supports a model of rapid innovation in early ray-finned fishes following the End-Devonian Mass Extinction, with ray-finned fishes' experimentation with new feeding strategies.

Co-author Prof Matt Friedman, from the University of Michigan, commented: "Tongue bites are just one of many feeding innovations that emerged during this time. This fish represents a key evolutionary step and helps us understand how ancient ecosystems functioned and how modern fish lineages came to be."
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Scientists reveal how breathwork unlocks psychedelic bliss in the brain | ScienceDaily
Breathwork while listening to music may induce a blissful state in practitioners, accompanied by changes in blood flow to emotion-processing brain regions, according to a study published August 27, 2025, in the open-access journal PLOS One by Amy Amla Kartar from the Colasanti Lab in the Department of Clinical Neuroscience at Brighton and Sussex Medical School, U.K., and colleagues. These changes occur even while the body's stress response may be activated and are associated with reporting reduced negative emotions.


						
The popularity of breathwork as a therapeutic tool for psychological distress is rapidly expanding. Breathwork practices that increase ventilatory rate or depth, accompanied by music, can lead to altered states of consciousness (ASCs) similar to those evoked by psychedelic substances. High ventilation breathwork (HVB) might offer a non-pharmacological alternative, with fewer legal and ethical restrictions to large-scale adoption in clinical treatment. However, the neurobiological mechanisms and subjective experience underlying ASCs induced by HVB have not been studied extensively.

To fill this knowledge gap, Kartar and colleagues characterized ASCs induced by HVB in experienced practitioners by analyzing self-reported data from 15 individuals who participated online, 8 individuals who participated in the lab, and 19 individuals who underwent magnetic resonance imaging. Their task consisted of a 20- to 30-minute session of cyclic breathing without pausing while listening to music, followed by a series of questionnaires within 30 minutes of finishing the breathwork session.

The results showed that the intensity of ASCs evoked by HVB was proportional to cardiovascular sympathetic activation, as indicated by a decrease in heart rate variability, indicating a potential stress response. In addition, HVB-evoked ASCs were associated with a profound decrease in blood flow to the left operculum and posterior insula - brain regions implicated in representing the internal state of the body, including breathing. Also, despite HVB causing large and global reductions in blood flow to the brain, there was a progressive increase in blood flow during the session to the right amygdala and anterior hippocampus, which are brain regions involved in the processing of emotional memories. These blood flow changes correlated with psychedelic experiences, demonstrating that these alterations may underlie the positive effects of this breathwork.

During all experimental sessions, participants reported a reduction in fear and negative emotions, with no adverse reactions. Across participants and experimental settings, HVB reliably enhanced ASCs dominated by Oceanic Boundlessness (OBN), which is a term coined by Freud in 1920 that describes a set of related feelings including spiritual experience, insightfulness, blissful state, positively experienced depersonalization, and the experience of unity. OBN is considered as a defining aspect of ASCs evoked by psychedelic substances, such as psilocybin.

According to the authors, their study was novel and exploratory and requires replication by future research including larger sample sizes and a control group to separate the effects of music on the brain. Despite these limitations, the findings provide a better understanding of HVB and direct research to investigate its therapeutic applications.

The authors add: "Our research is the first to use neuroimaging to map the neurophysiological changes that occur during breathwork. Our key findings include that breathwork can reliably evoke profound psychedelic states. We believe that these states are linked to changes in the function of specific brain regions involved in self-awareness, and fear and emotional memory processing. We found that more profound changes in blood flow in specific brain areas were linked to deeper sensations of unity, bliss, and emotional release, collectively known as "oceanic boundlessness."

Amy Kartar, lead author, adds: "Conducting this research was a fantastic experience. It was thrilling to explore such a novel area - while many people anecdotally recognize the health benefits of breathwork, this style of fast-paced breathing has received very little scientific attention. We are very grateful to our participants for making this work possible."

Dr. Alessandro Colasanti, P.I., adds: "Breathwork is a powerful yet natural tool for neuromodulation, working through the regulation of metabolism across the body and brain. It holds tremendous promise as a transformative therapeutic intervention for conditions that are often both distressing and disabling."
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NASA finds Titan's alien lakes may be creating primitive cells | ScienceDaily
NASA research has shown that cell-like compartments called vesicles could form naturally in the lakes of Saturn's moon Titan.


						
Titan is the only world apart from Earth that is known to have liquid on its surface. However, Titan's lakes and seas are not filled with water. Instead, they contain liquid hydrocarbons like ethane and methane.

On Earth, liquid water is thought to have been essential for the origin of life as we know it. Many astrobiologists have wondered whether Titan's liquids could also provide an environment for the formation of the molecules required for life - either as we know it or perhaps as we don't know it - to take hold there.

New NASA research, published in the International Journal of Astrobiology, outlines a process by which stable vesicles might form on Titan, based on our current knowledge of the moon's atmosphere and chemistry. The formation of such compartments is an important step in making the precursors of living cells (or protocells).

The process involves molecules called amphiphiles, which can self-organize into vesicles under the right conditions. On Earth, these polar molecules have two parts, a hydrophobic (water-fearing) end and a hydrophilic (water-loving) end. When they are in water, groups of these molecules can bunch together and form ball-like spheres, like soap bubbles, where the hydrophilic part of the molecule faces outward to interact with the water, thereby 'protecting' the hydrophobic part on the inside of the sphere. Under the right conditions, two layers can form creating a cell-like ball with a bilayer membrane that encapsulates a pocket of water on the inside.

When considering vesicle formation on Titan, however, the researchers had to take into account an environment vastly different from the early Earth.

Uncovering Conditions on Titan 

Titan is Saturn's largest moon and the second largest in our solar system. Titan is also the only moon in our solar system with a substantial atmosphere.




The hazy, golden atmosphere of Titan kept the moon shrouded in mystery for much of human history. However, when NASA's Cassini spacecraft arrived at Saturn in 2004, our views of Titan changed forever.

Thanks to Cassini, we now know Titan has a complex meteorological cycle that actively influences the surface today. Most of Titan's atmosphere is nitrogen, but there is also a significant amount of methane (CH4). This methane forms clouds and rain, which falls to the surface to cause erosion and river channels, filling up the lakes and seas. This liquid then evaporates in sunlight to form clouds once again.

This atmospheric activity also allows for complex chemistry to happen. Energy from the Sun breaks apart molecules like methane, and the pieces then reform into complex organic molecules. Many astrobiologists believe that this chemistry could teach us how the molecules necessary for the origin of life formed and evolved on the early Earth.

Building Vesicles on Titan 

The new study considered how vesicles might form in the freezing conditions of Titan's hydrocarbon lakes and seas by focusing on sea-spray droplets, thrown upwards by splashing raindrops. On Titan, both spray droplets and the sea surface could be coated in layers of amphiphiles. If a droplet then lands on the surface of a pond, the two layers of amphiphiles meet to form a double-layered (or bilayer) vesicle, enclosing the original droplet. Over time, many of these vesicles would be dispersed throughout the pond and would interact and compete in an evolutionary process that could lead to primitive protocells.

If the proposed pathway is happening, it would increase our understanding of the conditions in which life might be able to form.

"The existence of any vesicles on Titan would demonstrate an increase in order and complexity, which are conditions necessary for the origin of life," explains Conor Nixon of NASA's Goddard Space Flight Center in Greenbelt, Maryland. "We're excited about these new ideas because they can open up new directions in Titan research and may change how we search for life on Titan in the future."

NASA's first mission to Titan is the upcoming Dragonfly rotorcraft, which will explore the surface of the Saturnian moon. While Titan's lakes and seas are not a destination for Dragonfly (and the mission won't carry the light-scattering instrument required to detect such vesicles), the mission will fly from location to location to study the moon's surface composition, make atmospheric and geophysical measurements, and characterize the habitability of Titan's environment.
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