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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.


      
        NASA celebrates Edwin Hubble's discovery of a new universe
        For humans, the most important star in the universe is our Sun. The second-most important star is nestled inside the Andromeda galaxy. Don't go looking for it -- the flickering star is 2.2 million light-years away, and is 1/100,000th the brightness of the faintest star visible to the human eye. Yet, a century ago, its discovery by Edwin Hubble opened humanity's eyes as to how large the universe really is, and revealed that our Milky Way galaxy is just one of hundreds of billions of galaxies in th...

      

      
        Fatal neurodegenerative disease in kids also affects the bowel
        Researchers have described the neurodegeneration that occurs in the nervous system of the bowel in Batten disease, a rare and fatal genetic condition. In their latest study, a team showed that gene therapy to the bowel in mice modeling Batten disease reduced symptoms and extended lifespan.

      

      
        This fast and agile robotic insect could someday aid in mechanical pollination
        New insect-scale microrobots can fly more than 100 times longer than previous versions. The new bots, also significantly faster and more agile, could someday be used to pollinate fruits and vegetables.

      

      
        Researchers make comfortable materials that generate power when worn
        Researchers have demonstrated new wearable technologies that both generate electricity from human movement and improve the comfort of the technology for the people wearing them. The work stems from an advanced understanding of materials that increase comfort in textiles and produce electricity when they rub against another surface.

      

      
        Protein protects biological nitrogen fixation from oxidative stress
        A research team has discovered how the 'Shethna protein II' protects the nitrogen-fixing enzyme nitrogenase from damage. The oxygen sensor protein could help to make nitrogenase usable in biotechnology, thereby reducing the need for synthetic fertilizers.

      

      
        Ultrasound-directed microbubbles could boost immune response against tumors
        Researchers have designed process that uses ultrasound to modify the behavior of cancer-fighting T cells by increasing their cell permeability. They targeted freshly isolated human immune cells with tightly focused ultrasound beams and clinically approved contrast agent microbubbles. When hit with the ultrasound, the bubbles vibrate at extremely high frequency, acting as a push-pull on the walls of the T cell's membranes. This can mimic the T cell's natural response to the presence of an antigen....

      

      
        Scientists develop tiny anticancer weapon
        A new twist on a decades-old anticancer strategy has shown powerful effects against multiple cancer types in a preclinical study. The experimental approach, which uses tiny capsules called small extracellular vesicles (sEVs), could offer an innovative new type of immunotherapy treatment and is poised to move toward more advanced development and testing.

      

      
        Coyote genes may show urban evolution at work
        A new study outlines the ways by which city life may be shaping the evolution of urban coyotes, the highly adaptable carnivores spotted in alleyways from Berkeley, Calif., to the Bronx, in New York.

      

      
        This quasar may have helped turn the lights on for the universe
        Astronomers have detected an intensely brightening and dimming quasar that may help explain how some objects in the early universe grew at a highly accelerated rate. The discovery is the most distant object detected by the NuSTAR X-ray space telescope (which launched in 2012) and stands as one of the most highly 'variable' quasars ever identified.

      

      
        Invasive pike use marine corridors to colonize new Alaska territory
        Northern pike are moving through salt water to invade freshwater habitats in Southcentral Alaska, according to a new study. It's the first known documentation that northern pike are traveling through estuaries, where fresh water from rivers mixes with the ocean, to colonize new territory in North America.

      

      
        Diversified cropping systems boost nitrogen supply but not soil carbon
        Longer, more diverse rotations of crops fertilized with livestock manure have many environmental benefits, but carbon sequestration isn't one of them, according to a new study.

      

      
        Link between gene duplications and deletions within chromosome region and nonsyndromic bicuspid aortic valve disease
        Large and rare duplications and deletions in a chromosome region known as 22q11.2 , which involves genes that regulate cardiac development, are linked to nonsyndromic bicuspid aortic valve disease.

      

      
        Is eating more red meat bad for your brain?
        People who eat more red meat, especially processed red meat like bacon, sausage and bologna, are more likely to have a higher risk of cognitive decline and dementia when compared to those who eat very little red meat, according to a new study.

      

      
        HKU study shows ruminating about being lonely is more closely linked to depression than actual loneliness
        Past studies have identified a loneliness-rumination-depression nexus. Rumination is defined as repetitive and intrusive negative thoughts and feelings, and loneliness as a gap between desired and actual social connections. Given a widely reported high co-occurrence between loneliness and depression, a research team sought to understand the underlying mechanisms.

      

      
        Crash tests, emergency brake assistants and night bans: How automated lawnmowing is becoming hedgehog-proof
        Night-time collisions with robotic lawnmowers are a significant animal welfare and conservation problem for hedgehogs as these often suffer serious or even fatal injuries. In order to make the operation of robotic lawnmowers hedgehog-safe, researchers are developing special hedgehog dummies and standardized tests to prevent fatal collisions.

      

      
        IVF pregnancies at greater risk of exposure to medicines that can harm the fetus
        A new study has revealed a potential reason why some pregnancies achieved through assisted reproductive technology (ART) may result in birth defects in comparison to naturally conceived pregnancies.

      

      
        Reading signs: New method improves AI translation of sign language
        A research team improved the AI recognition accuracy of word-level sign language recognition by adding data such as the signer's hand and facial expressions, as well as skeletal information on the position of the hands relative to the body.

      

      
        Super-Earth vs. Sub-Neptune? The winner is Super-Venus!
        New observational data and simulation models have confirmed a new type of planet unlike anything found in the Solar System. This provides another piece of the puzzle to understand how planets and planetary systems form.

      

      
        RNA research: Ribozyme structure revealed
        Researchers have now uncovered the 3D structure of the RNA enzyme SAMURI. Their study provides insights into the development of ribozymes and the evolution of catalytically active RNA.

      

      
        Monitoring tumor-informed circulating tumor DNA after CGP
        A research team proposes a method to assess cancer patients for their likelihood to either respond to treatment or relapse.

      

      
        Not all Hot Jupiters orbit solo
        Hot Jupiters are giant planets initially known to orbit alone close to their star. During their migration towards their star, these planets were thought to accrete or eject any other planets present. However, this paradigm has been overturned by recent observations, and the final blow could come from a new study demonstrating the existence of a planetary system, WASP-132, with an unexpected architecture. It not only contains a Hot Jupiter but also an inner Super-Earth and an icy giant planet.

      

      
        MRI scanning and biopsy could reduce delays in the correct treatment for bladder cancer by more than six weeks
        Patients with a common aggressive type of bladder cancer could get correct treatment significantly quicker as new research suggests that initial MRI imaging and biopsy could be used to reduce the time patients wait.

      

      
        Octopus arms have segmented nervous systems to power extraordinary movements
        New research has revealed that the nervous system circuitry that controls arm movement in octopuses is segmented, giving these extraordinary creatures precise control across all eight arms and hundreds of suckers to explore their environment, grasp objects, and capture prey.

      

      
        Memory systems in the brain drive food cravings that could influence body weight
        A research team identified the brain's food-specific memory system and its direct role in overeating and diet-induced obesity. They found a specific population of neurons in the mouse brain that encode memories for sugar and fat, profoundly impacting food intake and body weight.

      

      
        Land ahoy! Experiments at GSI/FAIR reveal the shoreline of the island of stability of super-heavy elements
        A team of researchers has succeeded in exploring the limits of the so-called island of stability within the super-heavy nuclides more precisely by measuring the super-heavy rutherfordium-252 nucleus, which is now the shortest-lived known super-heavy nucleus.

      

      
        From caring touch to cooperative communities
        An international research team concludes that gentle touch is not only good for mental health, but also for the evolution of cooperation.

      

      
        A molecule is shown to produce cognitive improvement in rodents with early Alzheimer's disease
        Scientists have come up with a drug that is a potential candidate for tackling memory deficits in the early stages of the disease in rodents. Research shows that the drug activates the cannabinoid neurotransmitter system (which protects the brain), and this stimulates the cholinergic system (which controls memory and learning) by increasing the synthesis of acetylcholine (a neurotransmitter in the brain that controls memory and learning). These results open up a promising therapeutic approach.

      

      
        Protein shapes can help untangle life's ancient history
        The three-dimensional shape of a protein can be used to resolve deep, ancient evolutionary relationships in the tree of life, according to a new study. It is the first time researchers use data from protein shapes and combine it with data from genomic sequences to improve the reliability of evolutionary trees, a critical resource used by the scientific community for understanding the history of life, monitor the spread of pathogens or create new treatments for disease. Crucially, the approach wor...

      

      
        New insights into the biology and risk factors of childhood obesity
        A cutting-edge molecular approach provides a detailed picture of the biological pathways associated with childhood obesity and metabolic dysfunction, and identifies environmental risk factors during early life.

      

      
        Three tiny 'stellar-ghost-town' galaxies discovered
        By combining data from the DESI Legacy Imaging Surveys and the Gemini South telescope, astronomers have investigated three ultra-faint dwarf galaxies that reside in a region of space isolated from the environmental influence of larger objects. The galaxies, located in the direction of NGC 300, were found to contain only very old stars, supporting the theory that events in the early Universe cut star formation short in the smallest galaxies.

      

      
        Engineers develop breakthrough method for aluminum surfaces, enabling advancements in cooling, self-cleaning and anti-icing technologies
        An international team of engineers has developed an innovative, scalable method for creating topography-patterned aluminum surfaces, enhancing liquid transport properties critical for applications in electronics cooling, self-cleaning technologies and anti-icing systems.

      

      
        The hunt narrows for ebolavirus hosts
        Scientists have developed a tool to narrow down potential host species of filoviruses like Ebola and better prioritize wildlife surveillance.

      

      
        Songbirds socialize on the wing during migration
        Evidence from over 18,300 hours of recorded flight calls suggests songbirds may 'talk' to other species as they migrate, forming social connections and -- just maybe -- exchanging information about the journey.

      

      
        Nord Stream methane spread across the southern Baltic Sea
        Methane from the destroyed Nord Stream pipelines spread over a large part of the southern Baltic Sea and remained for several months.

      

      
        'Perfect storm' of mutations drives infection-triggered autoimmune disease
        Researchers have uncovered how chronic hepatitis C infection leads to autoimmune disease, which opens new paths for treatments

      

      
        Sensor tech and water filtration: Graphene made permeable for ions
        A milestone in graphene research: Chemists have succeeded in controlling the passage of halide ions by deliberately introducing defects into a two-layer nanographene system. Their paper shows new perspectives for applications in water filtration or sensor technology.

      

      
        Detecting hidden genetic relationships in animal populations
        Understanding biological relationships is often critical when studying animal populations. Researchers have now developed a transformative approach that identifies stretches of DNA that two individuals inherited from a common ancestor. The team successfully applied their new tool to a free-ranging population of rhesus macaques. The results show that even for low-quality sequencing data, this method can accurately determine relatedness among pairs of individuals, even without prior knowledge of pe...

      

      
        Bird flu is mutating, but antivirals still work
        Researchers have identified nine mutations in a bird flu strain from a person in Texas. Bad news: this strain is more capable of causing disease and replicates better in the brain. Good news: approved antivirals are still effective.

      

      
        Researchers identify three psychological profiles that could determine the evolution of mental, cognitive and brain health in aging
        An international study has identified three psychological profiles associated with different patterns of cognitive and brain decline in aging. The study, which analyzed more than 1,000 middle-aged and older adults, shows that the specific psychological characteristics of each profile may influence the risk of developing dementia, as well as aspects such as the speed of brain decline and sleep quality. These findings open new perspectives for the design of more personalized prevention strategies.

      

      
        Critical ocean current has not declined in the last 60 years
        The Atlantic Meridional Overturning Circulation (AMOC) has not slowed down since the mid-20th century based on the North Atlantic air-sea heat fluxes over that time. This finding contrasts with studies that have estimated a decline in the AMOC, likely because previous studies rely on sea surface temperature measurements to understand how the AMOC has changed. However, sea surface temperature is not a reliable way to reconstruct the AMOC, according to the authors. Although the AMOC has not decline...

      

      
        Calls to curb invasive species spread via untreated water transfer
        Experts are warning of the risks of spreading invasive and non-native species when moving large volumes of untreated lake, reservoir and river water.

      

      
        Small-scale fisheries essential to global nutrition, livelihoods
        Small-scale fisheries play a significant but overlooked role in global fisheries production and are key to addressing hunger and malnutrition while supporting livelihoods around the world, according to new research. The study rigorously quantified how marine and inland small-scale fisheries contribute to aquatic harvests and nutritional and socioeconomic security on a global scale.

      

      
        How cryogenic microscopy could help strengthen food security
        A research team reports on a novel observation of a plant protection mechanism in response to salt stress. The study opens new avenues of research to strengthen food security.

      

      
        DNA damage can last unrepaired for years, changing our view of mutations
        While most known types of DNA damage are fixed by our cells' in-house DNA repair mechanisms, some forms of DNA damage evade repair and can persist for many years, new research shows. This means that the damage has multiple chances to generate harmful mutations, which can lead to cancer.

      

      
        Could this fundamental discovery revolutionize fertilizer use in farming?
        Researchers have discovered a biological mechanism that makes plant roots more welcoming to beneficial soil microbes.

      

      
        How one brain circuit encodes memories of both places and events
        A computational model explains how place cells in the hippocampus can be recruited to form any kind of episodic memory, even when there's no spatial component.

      

      
        Deep learning designs proteins against deadly snake venom
        New proteins not found in nature have now been designed to counteract certain highly poisonous components of snake venom. The deep learning, computational methods for developing these toxin-neutralizing proteins offer hope for creating safer, more cost-effective and more readily available therapeutics than those currently in use. Each year more than 2 million people suffer snakebites. More than 100,000 die, and 300,000 suffer disabling complications.

      

      
        Ancient genomes reveal an Iron Age society centred on women
        A groundbreaking study finds evidence that land was inherited through the female line in Iron Age Britain, with husbands moving to live with their wife's community. This is believed to be the first time such a system has been documented in European prehistory.

      

      
        Scientists identify new epigenetic approach to target colorectal cancer
        A little-known mouse protein disrupts cancer-causing chemical changes to genes associated with human colorectal cancer cells and potentially could be used to treat solid tumors, according to a new study.

      

      
        Putting a lid on excess cholesterol to halt bladder cancer cell growth
        Researchers discover novel targets for bladder cancer therapeutics and demonstrate that a new combination of existing drugs, including statins, blocks tumor growth in mice.
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NASA celebrates Edwin Hubble's discovery of a new universe | ScienceDaily
For humans, the most important star in the universe is our Sun. The second-most important star is nestled inside the Andromeda galaxy. Don't go looking for it -- the flickering star is 2.2 million light-years away, and is 1/100,000th the brightness of the faintest star visible to the human eye.


						
Yet, a century ago, its discovery by Edwin Hubble, then an astronomer at Carnegie Observatories, opened humanity's eyes as to how large the universe really is, and revealed that our Milky Way galaxy is just one of hundreds of billions of galaxies in the universe ushered in the coming-of-age for humans as a curious species that could scientifically ponder our own creation through the message of starlight. Carnegie Science and NASA are celebrating this centennial at the 245th meeting of the American Astronomical Society in Washington, D.C.

The seemingly inauspicious star, simply named V1, flung open a Pandora's box full of mysteries about time and space that are still challenging astronomers today. Using the largest telescope in the world at that time, the Carnegie-funded 100-inch Hooker Telescope at Mount Wilson Observatory in California, Hubble discovered the demure star in 1923. This rare type of pulsating star, called a Cepheid variable, is used as milepost markers for distant celestial objects. There are no tape-measures in space, but by the early 20th century Henrietta Swan Leavitt had discovered that the pulsation period of Cepheid variables is directly tied to their luminosity.

Many astronomers long believed that the edge of the Milky Way marked the edge of the entire universe. But Hubble determined that V1, located inside the Andromeda "nebula," was at a distance that far exceeded anything in our own Milky Way galaxy. This led Hubble to the jaw-dropping realization that the universe extends far beyond our own galaxy.

In fact Hubble had suspected there was a larger universe out there, but here was the proof in the pudding. He was so amazed he scribbled an exclamation mark on the photographic plate of Andromeda that pinpointed the variable star.

As a result, the science of cosmology exploded almost overnight. Hubble's contemporary, the distinguished Harvard astronomer Harlow Shapley, upon Hubble notifying him of the discovery, was devastated. "Here is the letter that destroyed my universe," he lamented to fellow astronomer Cecilia Payne-Gaposchkin, who was in his office when he opened Hubble's message.

Just three years earlier, Shapley had presented his observational interpretation of a much smaller universe in a debate one evening at the Smithsonian Museum of Natural History in Washington. He maintained that the Milky Way galaxy was so huge, it must encompass the entirety of the universe. Shapley insisted that the mysteriously fuzzy "spiral nebulae," such as Andromeda, were simply stars forming on the periphery of our Milky Way, and inconsequential.




Little could Hubble have imagined that 70 years later, an extraordinary telescope named after him, lofted hundreds of miles above the Earth, would continue his legacy. The marvelous telescope made "Hubble" a household word, synonymous with wonderous astronomy.

Today, NASA's Hubble Space Telescope pushes the frontiers of knowledge over 10 times farther than Edwin Hubble could ever see. The space telescope has lifted the curtain on a compulsive universe full of active stars, colliding galaxies, and runaway black holes, among the celestial fireworks of the interplay between matter and energy.

Edwin Hubble was the first astronomer to take the initial steps that would ultimately lead to the Hubble Space Telescope, revealing a seemingly infinite ocean of galaxies. He thought that, despite their abundance, galaxies came in just a few specific shapes: pinwheel spirals, football-shaped ellipticals, and oddball irregular galaxies. He thought these might be clues to galaxy evolution -- but the answer had to wait for the Hubble Space Telescope's legendary Hubble Deep Field in 1994.

The most impactful finding that Edwin Hubble's analysis showed was that the farther the galaxy is, the faster it appears to be receding from Earth. The universe looked like it was expanding like a balloon. This was based on Hubble tying galaxy distances to the reddening of light -- the redshift -- that proportionally increased the father away the galaxies are.

The redshift data were first collected by Lowell Observatory astronomer Vesto Slipher, who spectroscopically studied the "spiral nebulae" a decade before Hubble. Slipher did not know they were extragalactic, but Hubble made the connection. Slipher first interpreted his redshift data an example of the Doppler effect. This phenomenon is caused by light being stretched to longer, redder wavelengths if a source is moving away from us. To Slipher, it was curious that all the spiral nebulae appeared to be moving away from Earth.

Two years prior to Hubble publishing his findings, the Belgian physicist and Jesuit priest Georges Lemaitre analyzed the Hubble and Slifer observations and first came to the conclusion of an expanding universe. This proportionality between galaxies' distances and redshifts is today termed Hubble-Lemaitre's law.




Because the universe appeared to be uniformly expanding, Lemaitre further realized that the expansion rate could be run back into time -- like rewinding a movie -- until the universe was unimaginably small, hot, and dense. It wasn't until 1949 that the term "big bang" came into fashion.

This was a relief to Edwin Hubble's contemporary, Albert Einstein, who deduced the universe could not remain stationary without imploding under gravity's pull. The rate of cosmic expansion is now known as the Hubble Constant.

Ironically, Hubble himself never fully accepted the runaway universe as an interpretation of the redshift data. He suspected that some unknown physics phenomenon was giving the illusion that the galaxies were flying away from each other. He was partly right in that Einstein's theory of special relativity explained redshift as an effect of time-dilation that is proportional to the stretching of expanding space. The galaxies only appear to be zooming through the universe. Space is expanding instead.

After decades of precise measurements, the Hubble telescope came along to nail down the expansion rate precisely, giving the universe an age of 13.8 billion years. This required establishing the first rung of what astronomers call the "cosmic distance ladder" needed to build a yardstick to far-flung galaxies. They are cousins to V1, Cepheid variable stars that the Hubble telescope can detect out to over 100 times farther from Earth than the star Edwin Hubble first found.

Astrophysics was turned on its head again in 1998 when the Hubble telescope and other observatories discovered that the universe was expanding at an ever-faster rate, through a phenomenon dubbed "dark energy." Einstein first toyed with this idea of a repulsive form of gravity in space, calling it the cosmological constant.

Even more mysteriously, the current expansion rate appears to be different than what modern cosmological models of the developing universe would predict, further confounding theoreticians. Today astronomers are wrestling with the idea that whatever is accelerating the universe may be changing over time. NASA's Roman Space Telescope, with the ability to do large cosmic surveys, should lead to new insights into the behavior of dark matter and dark energy. Roman will likely measure the Hubble constant via lensed supernovae.

This grand century-long adventure, plumbing depths of the unknown, began with Hubble photographing a large smudge of light, the Andromeda galaxy, at the Mount Wilson Observatory high above Los Angeles.

In short, Edwin Hubble is the man who wiped away the ancient universe and discovered a new universe that would shrink humanity's self-perception into being an insignificant speck in the cosmos.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250115165531.htm
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Fatal neurodegenerative disease in kids also affects the bowel | ScienceDaily
ssor of pediatrics, of genetics and of neurology at Washington University School of Medicine in St. Louis. "It can be painful and a serious quality of life issue for the child and their families."


						
The parent perspective led Cooper on a scientific quest that began four years ago -- and continues today -- to study the half-billion nerve cells in the bowel wall that are part of the enteric nervous system and how Batten disease affects their function. His new work shows enteric neurons in two mouse models of Batten disease degenerate in the bowel, paralleling neurodegeneration long known to occur in brain and spinal cord.

Cooper's prior research also showed that supplying the missing enzyme to the brain in mouse or sheep Batten disease models via enzyme replacement therapy slowed cellular degeneration. Now his latest study has found that gene therapy in mice produced the same protective effect in the bowel. This genetic treatment reduced bowel symptoms and extended the lifespan of the mice by preventing enteric neuron degeneration.

The findings, published Jan. 15 in Science Translational Medicine, may one day lead to new treatments for Batten disease as well as for other neurodegenerative disorders with gastrointestinal symptoms.

"We believe our studies in mice have demonstrated a novel and highly promising way to successfully treat GI conditions with gene therapy," said Cooper, the study's co-senior author. "Importantly, we also established that the GI issues were not secondary to the neurological changes in the brain or spinal cord caused by the disease, but happen in the bowel itself."

Patient-driven research

Batten disease refers to a group of inherited nervous system disorders in which a child lacks a crucial enzyme that breaks down and recycles cellular waste. Also known as neuronal ceroid lipofuscinosis, the disease is named after the accumulated material inside the cells. Not having these enzymes causes progressive brain damage that leads to death. Cooper and his colleagues are exploring exactly how this happens.




The exact number of kids with Batten disease remains unknown; however, some researchers have estimated it affects around three out of every 100,000 children in the U.S.

Two of Tracy VanHoutan's children had the disease. The father met Cooper in 2009 at a rare disease conference in Hamburg, Germany, after his son, Noah, was diagnosed with a form of Batten disease. VanHoutan had traveled more than 4,000 miles from his home in Chicago to find scientists who might help his 5-year-old-boy, suffering from this extremely rare and understudied disease.

The two clicked immediately. They began speaking regularly. Together, they grieved when Noah died in 2016, just before his 12th birthday. And again, less than two years later, in December 2018, when VanHoutan's daughter, Laine, died from the disease at age 12.

VanHoutan, who has become an accomplished advocate for rare disease research, invited Cooper to speak at patient-advocacy meetings, some of which were organized through Noah's Hope-Hope4Bridget Foundation, the nonprofit he founded after his son's diagnosis. During one of those meetings, Cooper asked parents about the day-to-day issues their children experienced.

Severe constipation, they told him. You might want to investigate it, they suggested.

"And Dr. Cooper listened," VanHoutan said. "Dr. Cooper is a special scientist because he seeks out patients and their families. It doesn't matter how old the patient is, he will get on their level and ask and answer questions in a relatable manner. He'll talk to the parents but also the siblings and grandparents. He wants to know all perspectives."

Motivated by what he learned from the families, Cooper turned his attention to the nervous system in the gut. Collaborating with Cooper is Robert O. Heuckeroth, MD, PhD, a pediatric gastroenterologist at Children's Hospital of Philadelphia and a professor of pediatrics and of cell and developmental biology at the University of Pennsylvania. Heuckeroth completed his graduate and medical training at WashU Medicine where he first became interested in the nervous system of the bowel.




Together, the scientists discovered that while Batten disease ravages nerve cells in the brain and spinal cord, it also kills neurons that are part of the GI tract's enteric nervous system.

Their research on Batten disease in mouse models and in colon tissue from children who died of Batten disease showed that nerve cell degeneration in the bowel occurs in parallel with events in the brain, following a similar pattern and timeline. About half of the nerve cells normally present die in Batten mice as the disease progresses, causing problems with bowel motility.

The basis for treating these diseases is to introduce a working copy the defective gene. This is supplied by a gene therapy virus that instructs cells to make this missing enzyme, secreting it to treat nearby cells. Giving gene therapy to newborn mice with Batten disease prevented the loss of many nerve cells in the bowel and prevented related problems with bowel function. The mice treated by gene therapy also lived significantly longer than untreated Batten disease mice.

The researchers have begun to apply their findings to other forms of Batten disease and similar neurodegenerative conditions in children such as the mucopolysaccharidoses, another group of rare inherited diseases caused by enzyme deficiencies that thwart a cell's ability to break down material. Symptoms include GI distress, cognitive and developmental decline, skeletal and joint issues, vision impairment and physical deformities, among others.

"Our reasoning is that if nerve cells in the brain die because they're missing a key enzyme, then there's a high probability nerve cells in other organ systems could also die," Cooper explained. "And given that a person has half a billion nerve cells in their bowels, about as many as in the spinal cord, it was important to determine if this occurs, opening up a whole new perspective on these diseases."

Heuckeroth, a leading expert in the enteric nervous system whom Cooper fondly calls his "co-pilot" in research, added that damage to the enteric nervous system can profoundly impair bowel function, causing debilitating symptoms such as vomiting, distension, constipation, abdominal pain, malnutrition and a predisposition to bowel inflammation, sepsis and death.

"The enteric nervous system controls most aspects of bowel function," said Heuckeroth. "We believe this work shows for the first time that a serious disease of the enteric nervous system can be treated by gene therapy, at least in mice."

Cooper and Heuckeroth noted that future studies will focus on providing simultaneous gene therapy to both the brain and bowel, which they think is necessary for optimal outcomes.
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This fast and agile robotic insect could someday aid in mechanical pollination | ScienceDaily
With a more efficient method for artificial pollination, farmers in the future could grow fruits and vegetables inside multilevel warehouses, boosting yields while mitigating some of agriculture's harmful impacts on the environment.


						
To help make this idea a reality, MIT researchers are developing robotic insects that could someday swarm out of mechanical hives to rapidly perform precise pollination. However, even the best bug-sized robots are no match for natural pollinators like bees when it comes to endurance, speed, and maneuverability.

Now, inspired by the anatomy of these natural pollinators, the researchers have overhauled their design to produce tiny, aerial robots that are far more agile and durable than prior versions.

The new bots can hover for about 1,000 seconds, which is more than 100 times longer than previously demonstrated. The robotic insect, which weighs less than a paperclip, can fly significantly faster than similar bots while completing acrobatic maneuvers like double aerial flips.

The revamped robot is designed to boost flight precision and agility while minimizing the mechanical stress on its artificial wing flexures, which enables faster maneuvers, increased endurance, and a longer lifespan.

The new design also has enough free space that the robot could carry tiny batteries or sensors, which could enable it to fly on its own outside the lab.

"The amount of flight we demonstrated in this paper is probably longer than the entire amount of flight our field has been able to accumulate with these robotic insects. With the improved lifespan and precision of this robot, we are getting closer to some very exciting applications, like assisted pollination," says Kevin Chen, an associate professor in the Department of Electrical Engineering and Computer Science (EECS), head of the Soft and Micro Robotics Laboratory within the Research Laboratory of Electronics (RLE), and the senior author of an open-access paper on the new design.




Chen is joined on the paper by co-lead authors Suhan Kim and Yi-Hsuan Hsiao, who are EECS graduate students; as well as EECS graduate student Zhijian Ren and summer visiting student Jiashu Huang. The research appears today in Science Robotics.

Boosting performance

Prior versions of the robotic insect were composed of four identical units, each with two wings, combined into a rectangular device about the size of a microcassette.

"But there is no insect that has eight wings. In our old design, the performance of each individual unit was always better than the assembled robot," Chen says.

This performance drop was partly caused by the arrangement of the wings, which would blow air into each other when flapping, reducing the lift forces they could generate.

The new design chops the robot in half. Each of the four identical units now has one flapping wing pointing away from the robot's center, stabilizing the wings and boosting their lift forces. With half as many wings, this design also frees up space so the robot could carry electronics.




In addition, the researchers created more complex transmissions that connect the wings to the actuators, or artificial muscles, that flap them. These durable transmissions, which required the design of longer wing hinges, reduce the mechanical strain that limited the endurance of past versions.

"Compared to the old robot, we can now generate control torque three times larger than before, which is why we can do very sophisticated and very accurate path-finding flights," Chen says.

Yet even with these design innovations, there is still a gap between the best robotic insects and the real thing. For instance, a bee has only two wings, yet it can perform rapid and highly controlled motions.

"The wings of bees are finely controlled by a very sophisticated set of muscles. That level of fine-tuning is something that truly intrigues us, but we have not yet been able to replicate," he says.

Less strain, more force

The motion of the robot's wings is driven by artificial muscles. These tiny, soft actuators are made from layers of elastomer sandwiched between two very thin carbon nanotube electrodes and then rolled into a squishy cylinder. The actuators rapidly compress and elongate, generating mechanical force that flaps the wings.

In previous designs, when the actuator's movements reach the extremely high frequencies needed for flight, the devices often start buckling. That reduces the power and efficiency of the robot. The new transmissions inhibit this bending-buckling motion, which reduces the strain on the artificial muscles and enables them to apply more force to flap the wings.

Another new design involves a long wing hinge that reduces torsional stress experienced during the flapping-wing motion. Fabricating the hinge, which is about 2 centimeters long but just 200 microns in diameter, was among their greatest challenges.

"If you have even a tiny alignment issue during the fabrication process, the wing hinge will be slanted instead of rectangular, which affects the wing kinematics," Chen says.

After many attempts, the researchers perfected a multistep laser-cutting process that enabled them to precisely fabricate each wing hinge.

With all four units in place, the new robotic insect can hover for more than 1,000 seconds, which equates to almost 17 minutes, without showing any degradation of flight precision.

"When my student Nemo was performing that flight, he said it was the slowest 1,000 seconds he had spent in his entire life. The experiment was extremely nerve-racking," Chen says.

The new robot also reached an average speed of 35 centimeters per second, the fastest flight researchers have reported, while performing body rolls and double flips. It can even precisely track a trajectory that spells M-I-T.

"At the end of the day, we've shown flight that is 100 times longer than anyone else in the field has been able to do, so this is an extremely exciting result," he says.

From here, Chen and his students want to see how far they can push this new design, with the goal of achieving flight for longer than 10,000 seconds.

They also want to improve the precision of the robots so they could land and take off from the center of a flower. In the long run, the researchers hope to install tiny batteries and sensors onto the aerial robots so they could fly and navigate outside the lab.

"This new robot platform is a major result from our group and leads to many exciting directions. For example, incorporating sensors, batteries, and computing capabilities on this robot will be a central focus in the next three to five years," Chen says.

This research is funded, in part, by the U.S. National Science Foundation and a Mathworks Fellowship.
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Researchers make comfortable materials that generate power when worn | ScienceDaily
Researchers have demonstrated new wearable technologies that both generate electricity from human movement and improve the comfort of the technology for the people wearing them. The work stems from an advanced understanding of materials that increase comfort in textiles and produce electricity when they rub against another surface.


						
At issue are molecules called amphiphiles, which are often used in consumer products to reduce friction against human skin. For example, amphiphiles are often incorporated into diapers to prevent chafing.

"We set out to develop a model that would give us a detailed fundamental understanding of how different amphiphiles affect the surface friction of different materials," says Lilian Hsiao, corresponding author of a paper on the work and an associate professor of chemical and biomolecular engineering at North Carolina State University. "The model helps us understand the molecular basis for friction reduction and can be used by engineers to tailor a material's properties for different applications."

"We then began a series of experiments to explore whether we could use amphiphiles to modify materials and incorporate them into haptic energy harvesters," says Saad Khan, co-corresponding author and INVISTA Professor of Chemical and Biomolecular Engineering at NC State. "Specifically, we wanted to know if we could create energy from friction in amphiphile-modified materials. It turns out we could not only generate electricity, but we could do so while also reducing the friction that people wearing these materials experience."

In other words, the researchers found they could use amphiphiles to create wearable fabrics with slippery surfaces that feel good against human skin.

The researchers also found that some amphiphiles have electronic properties that allow them to "donate" electrons. And when the researchers incorporated those electron-donating amphiphiles into the wearable materials, the end result was a material that was both comfortable and capable of generating electricity through friction produced by rubbing against human skin or other materials.

"The technology for harvesting static energy is well established but devices that can be worn for long periods of time are still missing." Hsiao says. "In our proof-of-concept testing, we found these amphiphile materials not only feel good on the skin but could generate up to 300 volts, which is remarkable for a small piece of material."

"An optimal balance between friction needed to generate power and maintaining the comfort of the wearer is paramount in designing haptic technologies and amphiphile chemistry offers a facile way to do so," Khan says. "We're interested in doing more to make use of these materials, such as exploring how they can be incorporated into existing haptic devices. And we're open to working with industry partners on identifying new applications."

The paper, "Compressing Slippery Surface-Assembled Amphiphiles for Tunable Haptic Energy Harvesters," will be published Sept. 15 in the journal Science Advances. First author of the paper is Pallav Jani, a Ph.D. graduate of NC State. The paper was co-authored by Kushal Yadav, another Ph.D. student at NC State, Maryanne Derkaloustian and Charles Dhong of the University of Delaware, and by Hilmar Koerner, who leads the Polymer Matrix Composites Program at the Air Force Research Laboratory.

This work was done with support from the Nonwovens Institute under project 18-224SB; the National Science Foundation under CAREER award number 2042635; the AFRL under the Summer Faculty Fellowship Program; the Sloan Research Fellowship under grant number FG-2022-18336; the Dreyfus Foundation, under grant number TC-22-038; the National Institutes of Health under grant R01EY032584-02; and the National Eye Institute under grant 5R01EY032584-03.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250115165051.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Protein protects biological nitrogen fixation from oxidative stress | ScienceDaily
A research team from the University of Freiburg led by biochemist Prof. Dr. Oliver Einsle has discovered how the "Shethna protein II" protects the nitrogen-binding enzyme nitrogenase from damage. The protein could help to make nitrogenase usable in biotechnology and thus reduce the amount of synthetic fertiliser used. The results have been published in the journal Nature.


						
A small helper for big tasks: an oxygen sensor protein protects the enzymatic machinery of biological nitrogen fixation from serious damage. Its use in biotechnology could help to reduce the use of synthetic fertiliser in agriculture in the future. A research team led by biochemist Prof. Dr Oliver Einsle from the Faculty of Chemistry and Pharmacy and the Centre for Biological Signalling Studies (BIOSS) at the University of Freiburg has discovered exactly how the so-called Shethna protein II works. The scientists used the newly established cryo-electron microscopy in Freiburg. Their results have been published in the journal Nature.

Nitrogen fertiliser is ecologically problematic

The element nitrogen is an essential component of all living organisms; in agriculture, it is often added as fertiliser to enable high yields over the long term. However, the production and application of these fertilisers is problematic in terms of energy and the environment. For years, attempts have therefore been made to transfer the natural nitrogen fixation in bacteria and archaea to crops. The enzyme nitrogenase is responsible for the binding of nitrogen. One of the most serious problems with the transfer to plants is that nitrogenase is extremely sensitive to atmospheric oxygen, which is produced by plants themselves during the process of photosynthesis.

Shethna protein II forms a complex with the enzyme nitrogenase.

Philipp Franke, Simon Freiberger and Dr. Lin Zhang from the team led by Prof. Oliver Einsle has now been able to show how a small factor, the Shethna protein II, registers an increase in oxygen concentration. It then very quickly forms a complex with the two components of the enzyme nitrogenase, which protects them from oxidative damage. In this process, the activated Shethna protein II binds the much larger nitrogenase and its associated reductase, forming long filaments with both proteins in which oxygen cannot reach the active centres of the nitrogenase. As soon as the cells overcome this oxidative stress, the complex dissolves and the enzyme can resume its work.

Use in plant cells is conceivable

Even if nitrogenase is produced directly in plant cells, it is likely that such short stress phases with increased oxygen concentrations will occur again and again. In the case of biotechnological use, the co-production of the small Shethna protein II could then help to protect the elaborately synthesised enzymes in their new environment and maintain their function in the plant cell. "The production of functioning nitrogenase in plants would initiate a paradigm shift in green biotechnology, and this small protein can make a decisive contribution to making this possible," says Einsle.
    	Prof. Dr Oliver Einsle is a professor of biochemistry at the Faculty of Chemistry and Pharmacy and a member of the Centre for Biological Signalling Studies (BIOSS) at the University of Freiburg. His research focuses on the structure, function and biogenesis of complex enzyme systems. Philipp Franke, Simon Freiberger and Dr. Lin Zhang are members of Oliver Einsle's research group.
    	The project was funded by the European Union with an ERC Advanced Grant for Prof. Dr. Oliver Einsle and by the German Research Foundation (DFG) as part of the Collaborative Research Centre 'Dynamic Organization of Cellular Protein Machineries'.
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Ultrasound-directed microbubbles could boost immune response against tumors | ScienceDaily
A new paper by a team of Concordia researchers from the departments of Biology and Physics proposes a novel method of fighting cancer tumours that uses ultrasound-guided microbubbles -- a technology already widely used in medical imaging and drug delivery.


						
Writing in the journal Frontiers in Immunology, the researchers describe a process that uses ultrasound to modify the behaviour of cancer-fighting T cells by increasing their cell permeability. They examined how this can influence the release of more than 90 kinds of cytokines, a type of signalling molecule crucial for immune response.

The researchers targeted freshly isolated human immune cells with tightly focused ultrasound beams and clinically approved contrast agent microbubbles. When hit with the ultrasound, the bubbles vibrate at extremely high frequency, acting as a push-pull on the walls of the T cell's membranes. This can mimic the T cell's natural response to the presence of an antigen. The T cell then begins to secrete vital signalling molecules that would otherwise be restricted by the tumour's hostile microenvironment. The process does not damage the cell itself.

"We're combining the use of ultrasound and microbubbles to help modulate brain immunology with the emerging field of cancer immunotherapy, which is the harnessing of our own immune cells to fight cancer," says Brandon Helfield, an associate professor of biology and physics and the paper's supervising author.

Reactivating cells

This approach directly confronts one of the major challenges to the body's natural response to cancer: the tumour's ability to deactivate T cells from producing cytokines and other proteins of interest once they enter the tumour itself.

"The microbubbles can re-activate the cells that have been turned off inside the tumour," says the paper's lead author, PhD candidate Ana Baez. "This process will help them release the proteins that are needed to grow additional immune and blood cells, which creates a positive feedback loop."

The changes to cytokine secretion were found to be time dependent. The amount of cytokines increased between 0.1 to 3.6 times compared to untreated cells over 48 hours. Additionally, the researchers noticed that when the ultrasound made the cell membranes more permeable, the amount of cytokines released generally went down.




While only preliminarily shown through benchtop experiments, the authors hope that this study will deepen their understanding of the different pathways chemicals in the body's immune system use to fight cancer. At the same time, they believe this avenue of research will improve and complement existing cancer treatments and cellular therapies.

"We already use microbubbles clinically as image-guided tools," says Helfield, Tier II Canada Research Chair in Molecular Biophysics in Human Health. "In the future, we could manipulate the beam to go from imaging to a therapeutic sequence. This would localize the effect on the T cells so you are only activating the ones where the beam is."

"We may also be able to include cancer-fighting drugs that target the tumour in the treatment," Baez adds. "The technique is completely non-invasive, so we can always repeat it."

Davindra Singh, Stephanie He, Mehri Hajiaghayi, Fatemeh Gholizadeh and Peter Darlington contributed to this study.

This work was supported by the Canada Research Chairs Program, the Cancer Research Society and the Canadian Institutes of Health Research (CIHR).
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Scientists develop tiny anticancer weapon | ScienceDaily
A new twist on a decades-old anticancer strategy has shown powerful effects against multiple cancer types in a preclinical study from researchers in the Perelman School of Medicine at the University of Pennsylvania. The experimental approach, which uses tiny capsules called small extracellular vesicles (sEVs), could offer an innovative new type of immunotherapy treatment and is poised to move toward more advanced development and testing.


						
Today in Science Advances, the researchers describe how they used sEVs, which are engineered in the lab from human cells, to target a cell-surface receptor called DR5 (death receptor 5) that many tumor cells have. When activated, DR5 can trigger the death of these cells by a self-destruct process called apoptosis. Researchers have been trying for more than 20 years to develop successful DR5-targeting cancer treatments. The new approach, using engineered sEVs to target DR5, outperformed DR5-targeting antibodies, which have been considered a leading DR5-targeting strategy. The sEVs were efficient killers of multiple cancer cell types in lab-dish tests, and blocked tumor growth in mouse models, enabling much longer survival than DR5-targeting antibodies.

"This new strategy has a number of advantages compared to previous DR5-targeting strategies and other anticancer immunotherapies, and after these encouraging preclinical results, we're developing it further for human clinical trials," said senior author Xiaowei "George" Xu, MD, PhD, a professor of Pathology and Laboratory Medicine, and member of the Tara Miller Melanoma Center in Penn Medicine's Abramson Cancer Center. "We've seen that many patients have benefited from advances in cancer immunotherapy but know there's more to work to do. This is our motivation for seeking new strategies for cellular therapies, particularly in solid tumor cancers, like melanoma, where current immunotherapies only work for about half of patients."

A better way to target DR5

The DR5 death receptor appears to have evolved, at least in part to destroy cells that are malignant, damaged. Although DR5 has seemed an attractive target for cancer treatments, those developed so far haven't been successful in controlling tumor growth. Xu and his team used extracellular vesicles to target DR5 because these nano-sized capsules -- about a million times smaller than a T cell -- are naturally produced and secreted by virtually all cells. Extracellular vesicles carry molecules that can deliver messages to surrounding cells.

For this application, the team used sEVs made by natural killer (NK) cells, a type of immune cell that frequently has a cancer-fighting role. NK-derived sEVs are good at infiltrating tumors and typically contain molecules that are toxic to tumor cells. Xu and his team engineered the NK sEVs so that they have an antibody fragment that strongly binds to and activates DR5.

In lab-dish experiments, the sEVs specifically move towards and bind to DR5 and quickly killed cancer cell types that have high levels of DR5 expression, including melanoma, liver and ovarian cancer cells. In experiments with mouse models of melanoma, breast and liver cancers, the sEVs strongly suppressed tumor growth and prolonged survival.




Reversing tumor immunosuppression

Xu and his team observed in their experiments that the sEVs packed other antitumor punches: they attacked other DR5-expressing cells called cancer-associated fibroblasts and myeloid-derived suppressor cells, which tumors use to create an immune-suppressive environment around themselves. The sEVs also stimulated T cells, giving another boost to anticancer immune activation. Overall, sEVs apparent ability to disrupt the immunosuppressive environment suggests that they might succeed in solid tumors, where the hostile tumor microenvironment has proved challenging for many forms of immunotherapy.

Xu noted that sEVs can be manufactured and stored relatively easily, making them a potential "off-the-shelf" therapy that could be given to any patient and would not require retrieving cells from each patient, as is the case with other personalized cellular therapies.

Next, the team plans to refine the manufacturing process to scale production for clinical-grade sEVs and conduct safety studies to prepare for human clinical trials.

The study was funded by the National Institutes of Health (CA258113, CA261608, CA114046, CA284182). A patent application for this technology has been filed on behalf of the University of Pennsylvania.
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Coyote genes may show urban evolution at work | ScienceDaily
A new study outlines the ways by which city life may be shaping the evolution of urban coyotes, the highly adaptable carnivores spotted in alleyways from Berkeley, Calif., to the Bronx, in New York.


						
Historically, evolution was thought to occur on vast chronological scales. But scientists now understand that evolution can happen within just a few generations. Urban areas offer a unique glimpse into how evolution functions on smaller timescales and how species adapt to human presence and novel environments.

Some species, like coyotes, seem particularly well suited to living alongside humans.

"Coyotes are doing really well in urban spaces," said Elizabeth Carlen, a postdoctoral fellow with the Living Earth Collaborative at Washington University in St. Louis and senior author of a study in Genome Biology and Evolution.

"Given the close evolutionary relationship between coyotes and domestic dogs, we leveraged the dog genome to think about what genes could be under selection in urban areas and how they might be changing," Carlen said.

"For coyotes in particular, the ecological differences between urban and rural individuals have been well characterized," said Samantha Kreling, a PhD candidate at the University of Washington, first author of the new study. "However, while we know that genetic and ecological differences exist, few studies have looked at specific genes or the genome regions that may be affected. In our study, we present candidate genes to investigate for adaptive evolution in urban coyotes."

The candidate gene approach involves researchers identifying particular genes of interest to sequence and compare. While whole-genome and epigenome sequencing are the gold standard for understanding evolutionary change and adaptation, these methods can be cost-prohibitive -- especially for wildlife-focused budgets, Carlen explained.




For studies with limited budgets, targeting specific candidate genes for sequencing can allow testing of hypotheses while maintaining sufficient sample sizes to have statistical power. Carlen and Kreling's new study provides examples of life history traits that may be under selection in urban coyotes as well as a list of candidate genes that have the potential to be implicated -- including genes related to diet, health, thermoregulation, behavior, cognition and reproduction.

Take, for example, the genes related to the coyote's eating habits.

While the majority of a rural coyote's diet consists of rabbits, mice and other small mammals, urban coyotes have easy access to outdoor pet food and human refuse. This likely translates into higher consumption of glucose and starches, WashU's Carlen said.

If sugar intake is sufficient to cause insulin resistance and subsequent negative health outcomes, then the genes that help regulate insulin sensitivity and production may be selected for. Likewise, urban coyotes probably need to be able to digest more starch, as seen in previous research with domestic dogs, who have increased copy numbers of AMY2B, a gene responsible for amylase production and increased starch digestion efficiency.

Living alongside humans

Coyotes are increasingly common in urban areas throughout the United States, but local population trends vary. "We do know that we're getting more coyotes on the East Coast because wolves have been displaced," Carlen said.




"In these places, we're seeing more coyotes because they're occupying the niche space that previously would have been occupied by wolves," she said. "Because if a wolf shows up in the Bronx, it's going to be killed. But coyotes can fit in."

In St. Louis, another project supported by the Living Earth Collaborative, the Forest Park Living Lab, is using motion-triggered wildlife cameras and GPS collars to study coyotes in and around Forest Park, near WashU.

In 2024, members of the local community followed along as a reporter and photographer from the St. Louis Post-Dispatch described the scientists' efforts trapping and tracking a visiting male coyote and a female mother of pups. Tracking data was supposed to be collected for one year, but unfortunately each adult coyote died within months of being released.

Studying urban coyotes is interesting and challenging, said Carlen, who has contributed to local coyote research led by partner organizations including the Saint Louis Zoo. The animals are smart and tend to want to hide from people.

"There is a lot of misplaced fear around coyotes," she said. "This is a decently large animal to be living alongside humans in our urban spaces, but I think that they are unfairly persecuted."

She hopes this study will serve as a guideline for scientists researching urban adaptation in coyotes, as well as a starting point for other urban evolutionary biologists studying other species to create their own candidate gene catalog.

"While we have seen continued growth in the field of urban evolution, research work linking specific genes to adaptation in urban regions is still relatively unexplored," Carlen said.
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This quasar may have helped turn the lights on for the universe | ScienceDaily
A Yale-led team of astronomers has detected an intensely brightening and dimming quasar that may help explain how some objects in the early universe grew at a highly accelerated rate.


						
The discovery, announced Jan. 14 at the winter meeting of the American Astronomical Society, is the most distant object detected by the NuSTAR X-ray space telescope (which launched in 2012) and stands as one of the most highly "variable" quasars ever identified.

"In this work, we have discovered that this quasar is very likely to be a supermassive black hole with a jet pointed towards Earth -- and we are seeing it in the first billion years of the universe," said Lea Marcotulli, a postdoctoral fellow in astrophysics at Yale and lead author of a new study published Jan. 14 in The Astrophysical Journal Letters.

Quasars are among the oldest, brightest objects in the universe. Formed from active galactic nuclei (AGN) -- areas at the center of galaxies where a black hole is drawing in matter -- quasars emit electromagnetic radiation that can be spotted in radio, infrared, visible, ultraviolet, X-ray, and gamma-ray wavelengths. This "visibility" has made quasars a helpful proxy for trying to understand the structure and evolution of the cosmos.

For example, astronomers look to quasars to study reionization, a period less than a billion years after the Big Bang when electrically neutral hydrogen atoms became charged and the first generation of stars lit up the universe.

"The epoch of reionization is considered the end of the universe's dark ages," said Thomas Connor, an astronomer at the Chandra X-Ray Center and co-corresponding author of the study. "The precise timeline and source class responsible for reionization are still debated, and actively accreting supermassive black holes are one proposed culprit."

For the study, the researchers compared NuSTAR observations of a distant quasar -- designated J1429+5447 -- with unrelated observations of four months earlier by the Chandra X-ray telescope. The researchers found that the quasar's X-ray emissions had doubled in that very short time (due to relativistic effects, the four months on Earth corresponded to only two weeks for the quasar).




"This level of X-ray variability, in terms of intensity and rapidity, is extreme," said Meg Urry, the Israel Munson Professor of Physics and Astronomy in Yale's Faculty of Arts and Sciences and co-author of the study. "It is almost certainly explained by a jet pointing toward us -- a cone in which particles are transported up to a million light years away from the central, supermassive black hole. Because the jet moves at nearly the speed of light, effects of Einstein's theory of special relativity speed up and amplify the variability."

The researchers said their findings offer crucial, much-needed information for astronomers studying reionization. It may also point astronomers toward other supermassive black hole candidates from the early universe.

"Finding more supermassive black holes that are potentially hosting jets raises the question as to how these black holes grew so big in such a short timescale, and what the connection may be to jet triggering mechanisms," Marcotulli said.

NASA supported the research.
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Invasive pike use marine corridors to colonize new Alaska territory | ScienceDaily
Northern pike are moving through salt water to invade freshwater habitats in Southcentral Alaska, according to a new study.


						
Researchers at the University of Alaska Fairbanks and the Alaska Department of Fish and Game made the discovery by collecting and analyzing tiny ear stones called otoliths from northern pike caught in the region. It's the first known documentation that northern pike are traveling through estuaries, where fresh water from rivers mixes with the ocean, to colonize new territory in North America.

The discovery offers new insights into the ongoing spread of northern pike throughout Southcentral Alaska. A native species in Interior and Western Alaska, northern pike were illegally introduced to the Susitna River basin in the 1950s. Since then, the predatory fish has become established in more than 150 lakes and rivers in the region.

Until now, the spread of northern pike was thought to be limited to freshwater corridors or illegal introductions by people.

"They're a freshwater fish, and it was thought that Cook Inlet represented a marine barrier stopping them from moving from watershed to watershed," said Matthew Wooller, a professor at the UAF College of Fisheries and Ocean Sciences and lead author of the paper.

Wooller, who is also director of the Alaska Stable Isotope Facility at UAF, led the team's efforts to reconstruct the movements of pike by analyzing otoliths collected by ADFG since 2019. The composition of strontium isotopes in the layers of an otolith can be matched with chemical signatures in various waterways, showing where a fish traveled during its life.

"Strontium varies according to geology and location," Wooller said. "If pike are moving between watersheds, you can pick it up by analyzing strontium in the otoliths."

The study found three pike from three separate locations with isotopic signatures matching upper Cook Inlet water, suggesting they had occupied the inlet at some point. Those fish were caught in freshwater habitats that connect to Cook Inlet: Campbell Lake and Westchester Lagoon, both in Anchorage, and Vogel Lake on the Kenai Peninsula. The discovery highlights the steep challenge of limiting the spread of northern pike in the region. It suggests that ocean-connected waterways where northern pike have been eradicated may become reinvaded.




As efficient predators, pike impact native fish species such as salmon when they invade new territory.

The newfound realization that the fish are moving through estuaries "is just one more reason that northern pike are a poster child of what makes a formidable invasive species," said Peter Westley, a UAF associate professor of fisheries who has studied northern pike in their native and introduced ranges for over a decade.

While concerning, the new research also could lead to more targeted action against the invasive fish.

"Confirming northern pike can use this pathway gave us the information we needed to now focus on preventing this spread and protecting valuable habitats," said Parker Bradley, an ADFG invasive species biologist.

Kristine Dunker, who coordinates an ADFG program to manage invasive northern pike in Southcentral Alaska, said "the findings will help direct resources toward monitoring areas without pike that are at the highest risk of invasion.

"This discovery has been a step forward, both scientifically with our understanding of northern pike ecology in North America and also for our invasive northern pike management here at home," Dunker said.

Along with Wooller, Bradley, Dunker and Westley, contributors to the paper included Karen Spaleta at UAF and Robert Massengill, formerly at ADFG.
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Diversified cropping systems boost nitrogen supply but not soil carbon | ScienceDaily
Longer, more diverse rotations of crops fertilized with livestock manure have many environmental benefits, but carbon sequestration isn't one of them, according to a new study led by Iowa State University researchers.


						
The findings, published this month in Nature Sustainability, counter long-standing assumptions and could have implications for various carbon-market initiatives designed to help mitigate climate change, said Wenjuan Huang, assistant professor of ecology, evolution and organismal biology.

"In a diversified cropping system, there's more carbon input. So we have figured there would be more carbon stored in the soil. But actually, carbon levels in the soil didn't change over 20 years, though these regenerative management practices are still valuable in other ways," said Huang, one of the study's lead co-authors.

The study is based on data collected from the ongoing field trial at Iowa State's Marsden Farm just east of Boone, which since 2001 has compared a traditional two-year corn-soybean rotation to three- and four-year systems that mix in a year or two of alfalfa, clover or oats and replace most of the synthetic nitrogen fertilizer for corn with cattle manure.

A greater variety of roots and the addition of manure increase carbon input in the three- and four-year rotations. But putting more organic matter in the soil also stimulates microbial activity, which boosts decomposition and causes an uptick in carbon dioxide emissions that can counteract the increased carbon input. Samples of both topsoil and cores a little more than 3 feet deep had similar soil organic carbon levels in all three types of test plots, while the soil cores from diversified cropping systems produced more carbon dioxide when incubated in the lab for a little more than a year.

By analyzing stable carbon isotopes in the soil core emissions, researchers found the intensified decay in longer rotations wasn't just using up the additional carbon inputs. All samples gave off similar levels of carbon dioxide from corn-plant residue, even though corn was grown more frequently in the standard two-year rotation. That shows the amped-up decomposition in diversified cropping systems feeds in part on older organic matter from previous corn plants, Huang said.

The novel carbon-chasing method used in the study, which was funded in part by a grant from the U.S. Department of Agriculture, could help researchers -- and carbon markets -- improve their models for predicting carbon change in soil.




"Isotopes improve our understanding of how long carbon can remain in soil. In a sense, we can ask the soil microbes what they had for dinner," said study co-author Steven Hall, now an assistant professor at the University of Wisconsin-Madison, who initiated and led the study during his previous position at Iowa State.

Even without sequestering more carbon, diversified cropping systems can have a positive climate impact. Soil organic matter breaking down faster also produces more of the type of nitrogen crops need to thrive, especially corn. Organic nitrogen converted into plant-feeding inorganic nitrogen at a rate about 70% higher in the longer-rotation soil samples, researchers found.

Heightened nitrogen availability in the diversified cropping systems helped manure supplant enough synthetic fertilizer to reduce emissions of nitrous oxide, a potent heat-trapping gas, by an estimated carbon dioxide equivalent of 60-70%. That also could be a relevant factor for carbon markets to consider, Huang said.

"The trade-off between carbon accrual and nitrogen supply is important," Huang said.
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Link between gene duplications and deletions within chromosome region and nonsyndromic bicuspid aortic valve disease | ScienceDaily
Large and rare duplications and deletions in a chromosome region known as 22q11.2 , which involves genes that regulate cardiac development, are linked to nonsyndromic bicuspid aortic valve disease, according to a new study led by UTHealth Houston researchers.


						
Recently published in Heart, a BMJ Journal, the research revealed that rare duplications and deletions within the 22q11.2 region, particularly involving genes associated with cardiac development, were identified in 7.4% of early-onset bicuspid aortic valve participants. The research demonstrated that variations in chromosome 22 may contribute to the individual severity of nonsyndromic bicuspid aortic valve disease and the risk for complications.

Bicuspid aortic valve disease, where the aortic valve has two leaflets instead of the normal three, is the most common congenital heart defect, affecting up to 2% of the population. The condition is present from birth and is usually caused by the dominant inheritance -- meaning it can be inherited from just one parent -- of many gene mutations. The condition can lead to complications as severe as thoracic aortic aneurysms, weakening of the aortic wall, and aortic stenosis, or narrowing of the aortic valve. Nonsyndromic means that the condition is not part of another syndrome.

Research has shown that duplications or deletions of genomic DNA in regions that regulate cardiac development contribute to congenital defects. But less is known about variants in the 22q11.2 region and nonsyndromic bicuspid aortic valve. Sara Mansoorshahi and Catherina Tovar Pensa, third-year medical students at McGovern Medical School at UTHealth Houston, are working to close that gap.

"Our study focused on assessing the role of variants in the 22q11.2 region in patients with early onset bicuspid aortic valve, and to determine if these variants could potentially be considered as part of risk stratification for bicuspid aortic valve patients and help predict complications and guide further management," said Tovar Pensa, co-first author.

DiGeorge syndrome, a 22q11.2 deletion syndrome, is caused when a small portion of chromosome 22 is missing. The condition can occur in individuals born from a parent with the dominant contiguous gene or parents without the gene. Variants in 22q11.2 deletion syndrome can cause complications beginning at birth due to congenital heart or vascular malformations, learning difficulties, psychiatric conditions, immunodeficiencies, and kidney or urinary tract anomalies.

Researchers used whole genome microarray genotyping on 272 bicuspid aortic valve patients with early onset valve or aortic disease and 272 biological relatives. They analyzed all copy number variations in the 22q11.2 chromosome while participants completed a questionnaire about their cardiovascular, endocrine, urogenital, musculoskeletal, developmental, and psychiatric histories. Copy number variation refers to a circumstance where the number of copies of a specific segment of DNA varies in the genomes of different people.

Several variants identified in the research involved the genes TBX1, CRKL, HIC2, and MAPK1, which are required for vascular development, especially the left ventricular outflow tract, which passes blood through the aorta. Until now, a variation in TBX1 had not been explicitly associated with bicuspid aortic valve disease. Mutations in TBX1 and other 22q11.2 genes may cause learning differences, intellectual disabilities, psychiatric disease, seizures, muscular hypotonia, or stunted growth. These features may alert physicians to the need for genetic testing for 22q11.2 copy number variants in bicuspid aortic valve patients who present with early onset complications or have additional congenital heart malformations.

"It was reassuring to see it was not a small increase, but a statistically significant increase in these genetic variants among bicuspid aortic valve population, and to be able to show that with more research in this area, this region could be an important area of interest for future genetic testing," said Mansoorshahi, a co-first author.

The research was funded in part by the National Institutes of Health (R01HL137028, R21HL150383, R01HL114823, and R21HL150373).
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Is eating more red meat bad for your brain? | ScienceDaily
People who eat more red meat, especially processed red meat like bacon, sausage and bologna, are more likely to have a higher risk of cognitive decline and dementia when compared to those who eat very little red meat, according to a study published in the January 15, 2025, online issue of Neurology(r), the medical journal of the American Academy of Neurology.


						
"Red meat is high in saturated fat and has been shown in previous studies to increase the risk of type 2 diabetes and heart disease, which are both linked to reduced brain health," said study author Dong Wang, MD, ScD, of Brigham and Women's Hospital in Boston. "Our study found processed red meat may increase the risk of cognitive decline and dementia, but the good news is that it also found that replacing it with healthier alternatives, like nuts, fish and poultry, may reduce a person's risk."

To examine the risk of dementia, researchers included a group of 133,771 people with an average age of 49 who did not have dementia at the start of the study. They were followed up to 43 years. Of this group, 11,173 people developed dementia.

Participants completed a food diary every two to four years, listing what they ate and how often.

Researchers defined processed red meat as bacon, hot dogs, sausages, salami, bologna and other processed meat products. They defined unprocessed red meat as beef, pork, lamb and hamburger. A serving of red meat is three ounces, about the size of a deck of cards.

Researchers calculated how much red meat participants ate on average per day.

For processed red meat, they divided participants into three groups. The low group ate an average of fewer than 0.10 servings per day; the medium group ate between 0.10 and 0.24 servings per day; and the high group, 0.25 or more servings per day.




After adjusting for factors such as age, sex and other risk factors for cognitive decline, researchers found that participants in the high group had a 13% higher risk of developing dementia compared to those in the low group.

For unprocessed red meat, researchers compared people who ate an average of less than one half serving per day to people who ate one or more servings per day and did not find a difference in dementia risk.

To measure subjective cognitive decline, researchers looked at a different group of 43,966 participants with an average age of 78. Subjective cognitive decline is when a person reports memory and thinking problems before any decline is large enough to show up on standard tests.

The subjective cognitive decline group took surveys rating their own memory and thinking skills twice during the study.

After adjusting for factors such as age, sex and other risk factors for cognitive decline, researchers found that participants who ate an average of 0.25 servings or more per day of processed red meat had a 14% higher risk of subjective cognitive decline compared to those who ate an average of fewer than 0.10 servings per day.

They also found people who ate one or more servings of unprocessed red meat per day had a 16% higher risk of subjective cognitive decline compared to people who ate less than a half serving per day.




To measure objective cognitive function, researchers looked at a different group of 17,458 female participants with an average age of 74. Objective cognitive function is how well your brain works to remember, think and solve problems.

This group took memory and thinking tests four times during the study.

After adjusting for factors such as age, sex and other risk factors for cognitive decline, researchers found that eating higher processed red meat was associated with faster brain aging in global cognition with 1.61 years with each additional serving per day and in verbal memory with 1.69 years with each additional serving per day.

Finally, researchers found that replacing one serving per day of processed red meat with one serving per day of nuts and legumes was associated with a 19% lower risk of dementia and 1.37 fewer years of cognitive aging. Making the same substitution for fish was associated with a 28% lower risk of dementia and replacing with chicken was associated with a 16% lower risk of dementia.

"Reducing how much red meat a person eats and replacing it with other protein sources and plant-based options could be included in dietary guidelines to promote cognitive health," said Wang. "More research is needed to assess our findings in more diverse groups."

A limitation of the study was that it primarily looked at white health care professionals, so the results might not be the same for other race, ethnic and non-binary sex and gender populations.

The study was supported by the National Institutes of Health.
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HKU study shows ruminating about being lonely is more closely linked to depression than actual loneliness | ScienceDaily
Loneliness is more likely to cause depression if one keeps ruminating on how lonely they are. This is the essence of a study by The University of Hong Kong (HKU) that has therapeutic implications for treating isolated individuals or populations.


						
Past studies have identified a loneliness-rumination-depression nexus. Rumination is defined as repetitive and intrusive negative thoughts and feelings, and loneliness as a gap between desired and actual social connections.

Given a widely reported high co-occurrence between loneliness and depression, a research team led by the Director of the State Key Laboratory of Brain and Cognitive Sciences, Professor Tatia M.C. Lee, Chair Professor of Psychological Science and Clinical Psychology and May Professor in Neuropsychology at HKU, sought to understand the underlying mechanisms.

The research team's hypothesis for their study, entitled "A network analysis of rumination on loneliness and the relationship with depression," which was recently published in Nature Mental Health, aimed to examine the connections that rumination would mediate the relationship between loneliness and depression, where a higher level of loneliness would be associated with more rumination, which would, in turn, link to a higher severity of depressive symptoms.

"Our study examined the relationship between loneliness, rumination, and depressive symptoms using the network analysis methodology. The findings revealed that ruminating on the feeling of loneliness poses a significant risk of developing depression. Consequently, focusing interventions for loneliness could potentially be a pivotal strategy for curbing the escalating incidence of depression." Professor Lee says.

The research team studied 900 adults in Hong Kong, Guangzhou, and Fuzhou, China, between 2021 and 2023 during the outbreak of the Covid-19 pandemic. Strict COVID-19 lockdowns in Hong Kong and China provided the cohort of individuals to study. The team used a network analysis approach to construct the Loneliness-Depression and Loneliness-Rumination-Depression network using a cross-sectional design in the adult sample. Network analysis focuses on how individual items connect within and across the larger variable and how these connections influence the behavior of the network to explain larger phenomenon.

The findings indicated that ruminating on the feeling of loneliness was the key underlying factor that modulated the loneliness-depression relationship. Specifically, a connection between a specific ruminative thought ("think about how alone you are") and a particular item of loneliness ("how often do you feel alone") is indeed essential in maintaining the loneliness-rumination-depression network.''

Based on the findings, the research team suggests interventions for depression should focus on ameliorating ruminative thoughts, especially the feeling of loneliness. Therapies should target at disrupting the link between frequently feeling lonely and ruminating on loneliness, which then would deactivate the network of loneliness, rumination, and depression; thereby minimizing the adverse effects of loneliness on causing depression.
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Crash tests, emergency brake assistants and night bans: How automated lawnmowing is becoming hedgehog-proof | ScienceDaily
Night-time collisions with robotic lawnmowers are a significant animal welfare and conservation problem for hedgehogs as these often suffer serious or even fatal injuries. In order to make the operation of robotic lawnmowers hedgehog-safe, the Leibniz Institute for Zoo and Wildlife Research (Leibniz-IZW), the specialist crash test company CTS and the computer magazine c't are developing special hedgehog dummies and standardised tests to prevent fatal collisions. National and international experts will be discussing the latest developments in this project and many other topics related to hedgehog research, animal welfare and conservation at two conferences organised by the Leibniz-IZW in Berlin from January 16 to 19, 2025.


						
In October 2024, Leibniz-IZW, CTS and c't carried out tests on prototypes of hedgehog dummies to assess their similarity to real hedgehogs. These dummies should not necessarily look like real hedgehogs to the human eye, but should "behave" identically when a robotic lawnmower approaches and collides with them, so that realistic and standardised safety tests for the mowers can be carried out. In the test series, the team compared a prototype developed by CTS with real, already deceased hedgehogs collected at the Leibniz-IZW. The dummies have a 3D-printed internal skeleton, can be heated to hedgehog body temperature, have different sizes and shapes (curled and uncurled) and resemble hedgehogs as closely as possible in appearance, weight-to-size ratio, mobility and flexibility -- so that in future they can be used in tests on all robotic mower models regardless of their object detection sensor technology (laser, ultrasound, optical, thermal imaging or contacts in the bumper) to assess the extent to which these models can recognise hedgehogs. Accurate design, correct weight and stability are essential, especially for mechanical detection with impact sensors. In addition to testing the detection of hedgehogs, the injuries of the hedgehog carcasses and the dummies in the event of identical (forced) robotic mower accidents were analysed.

"The tests revealed a close resemblance between the injuries of the hedgehog carcasses and the dummies during the forced collisions," says hedgehog expert Dr Anne Berger from the Leibniz-IZW. "However, the dummies are still a little too heavy and inflexible compared to real hedgehogs and will still undergo some improvements in the coming months. The team will carry out final tests again in spring 2025 and finalise the dummies." Berger and her colleagues at CTS and c't are working towards the introduction of an SI-DIN standard in Germany, which would make standardised crash tests for robotic lawnmowers with these dummies mandatory for all brands and models on the market. The tests will demonstrate the extent to which each robot mower model is able to reliably detect hedgehogs and initiate evasive manoeuvres or emergency braking.

In the past, Berger and her colleagues have conducted extensive empirical investigations on hedgehog cuts caused by robotic lawnmowers. For example, they analysed 370 cases of cut injuries reported throughout Germany and found that their occurrence was evenly distributed across the days of the week. "This is a clear indication that robotic lawn mowers are often the cause of these injuries, as these devices are the only ones that can legally be used on a Sunday," says Berger. Almost half of the animals found and reported (at 47%) did not survive the injury. Hedgehog rescue centres also report a steady increase in the number of cases of injured hedgehogs, which indicates a growing conservation problem in the context of declining hedgehog populations in Germany. "We furthermore suspect that a high number of cases of injured or deceased hedgehogs are not even found or reported," says Berger.

As hedgehogs sometimes have to live for a longer period of time with the injuries they suffer and such animal suffering is prohibited by law -- provided there are alternatives that do not cause the same level of pain or harm -- scientists such as Berger are working with partners in Germany and elsewhere to develop such alternatives. One of these are robotic mowers, which can and must prove in standardised tests that they can reliably detect hedgehogs and avoid them.

However, there are also other promising -- and even faster ways -- to improve the protection of hedgehogs, says Berger. A ban on the use of robotic lawnmowers at night, as some local authorities in Germany have already implemented, would significantly reduce the risk to hedgehogs. Unsupervised operation at night is particularly dangerous for hedgehogs, as they are nocturnal and do not run away from danger, but remain stationary and as quiet as possible. If they are run over and are injured by the robots, they will -- if they still can -- silently seek the protection of hedges and bushes so as not to attract the attention of predators, for whom they would then be easy prey. Unfortunately, even minor cuts can lead to severe inflammation or the laying of fly eggs in the wounds later and thus, if left untreated, to death.

From January 16th to 19th, 2025, national and international hedgehog experts will meet for two conferences at the invitation of the Leibniz-IZW in Berlin. The "10th Meeting of the European Hedgehog Research Group" on 16 and 17 January will focus on new research perspectives on hedgehogs, for example on genetics, diseases and parasites, as well as on risks, population development and conservation. This will be followed on January 18 and 19 by the "2. Austausch- und Weiterbildungs-Veranstaltung fur Igel- und Wildtierpflegestationen," an exchange and training meeting for German hedgehog and wildlife care stations at which topical practical problems in the care of hedgehogs and other wildlife will be discussed and scientific information provided. The meeting also serves to improve networking amongst the various hedgehog and wildlife rescue centres in German-speaking countries and thus increase the impact of each individual centre's work to protect the animals.

The latest findings from the dummy crash tests by Leibniz-IZW, CTS and c't will be presented to the community at the conferences and discussed with the experts present. At the next meeting of the hedgehog community from Germany and Europe, DIN-certified safety tests may already be a topic of the sessions.
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IVF pregnancies at greater risk of exposure to medicines that can harm the fetus | ScienceDaily
A new Australian study has revealed a potential reason why some pregnancies achieved through assisted reproductive technology (ART) may result in birth defects in comparison to naturally conceived pregnancies.


						
Researchers found that in vitro fertilisation (IVF) and intracytoplasmic sperm injection (ICSI) pregnancies had the highest exposure to teratogenic medicines that potentially can harm the fetus during the first trimester of pregnancy.

These are listed as Category D and X medicines by Australia's Therapeutic Goods Administration (TGA).

The risk associated with the use of Category D medicines in pregnancy may be outweighed by the clinical benefit in individual cases such as management of mental health disorders or epilepsy. Category X medicines on the other hand are strongly discouraged during pregnancy due to the high risk of fetal harm.

Researchers from the University of South Australia (UniSA), The University of Western Australia (UWA) and The Kids Research Institute Australia analysed more than 57,000 pregnancies in four conception groups over a two-year period. The groups comprised women using ART (2041); those taking medication to induce ovulation (590); untreated sub-fertile women (2063); and naturally fertile pregnancies (52,987).

ART pregnancies had the highest exposure to Category D medications taken in the first trimester.

The study found that 4.9% of the ART pregnancies were exposed, compared to only 0.6% of naturally conceived pregnancies.




In later trimesters, the trend persisted, with 3.4% of ART pregnancies exposed to Category D medications versus 0.6% of naturally conceived pregnancies.

Exposure to Category X medications (causing the most harm during pregnancy) was low across all groups and trimesters, at less than 0.5% of pregnancies.

"These differences in exposure are primarily linked to medications used as additional treatment following ART to prevent repeat miscarriages or failed implantation, rather than medications to treat underlying chronic conditions," says UniSA researcher Dr Anna Kemp-Casey, who led the study.

"For example, ART pregnancies, during the study period were more often exposed to progestogens like medroxyprogesterone acetate, which may have been used to treat threatened or recurrent miscarriages," Dr Kemp says.

The five most frequently used Category D/X medications across all pregnancies regardless of conception status were paroxetine, lamotrigine, valproic acid, carbamazepine, and nicotine dependence treatments.

UWA co-researcher Professor Roger Hart, also a practising IVF clinician and the national medical director of City Fertility, says the higher exposure to Category D and X medicines in ART pregnancies during the first trimester may contribute to the higher rate of birth defects observed in ART babies.




"Although ART pregnancies are carefully planned, medications taken during fertility treatments may inadvertently increase exposure to birth defect risks, particularly during critical periods of fetal development," Prof Hart says.

Researchers say the findings demonstrate that the vast majority of IVF babies are healthy, and do not suggest that ART pregnancies are unsafe, but they underscore the importance of personalised medical care for women undergoing ART treatment and close monitoring for women in early pregnancy.

Prof Hart says more research is needed to examine Category D and X medicines exposure in pregnancy as well as underlying maternal medical conditions and their contribution to birth defect risk in ART babies.

The study has been published in the Australian and New Zealand Journal of Obstetrics and Gynaecology.

A 2021 study by US researchers analysing 1.2 million births found an 18% higher risk of birth defects among IVF babies and a 36% overall greater risk for ICSI births (42% increased risk where ICSI was used to treat male factor subfertility and 30% increased risk with ICSI use for non-male factor subfertility).

In IVF pregnancies, sperm is added to a dish containing eggs, and fertilisation occurs naturally, compared to ICSI where a single sperm is injected directly into each egg. The latter procedure is normally used to treat male subfertility but is also an option for unexplained infertility.
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Reading signs: New method improves AI translation of sign language | ScienceDaily
Sign languages have been developed by nations around the world to fit the local communication style, and each language consists of thousands of signs. This has made sign languages difficult to learn and understand. Using artificial intelligence to automatically translate the signs into words, known as word-level sign language recognition, has now gained a boost in accuracy through the work of an Osaka Metropolitan University-led research group.


						
Previous research methods have been focused on capturing information about the signer's general movements. The problems in accuracy have stemmed from the different meanings that could arise based on the subtle differences in hand shape and relationship in the position of the hands and the body.

Graduate School of Informatics Associate Professor Katsufumi Inoue and Associate Professor Masakazu Iwamura worked with colleagues including at the Indian Institute of Technology Roorkee to improve AI recognition accuracy. They added data such as hand and facial expressions, as well as skeletal information on the position of the hands relative to the body, to the information on the general movements of the signer's upper body.

"We were able to improve the accuracy of word-level sign language recognition by 10-15% compared to conventional methods," Professor Inoue declared. "In addition, we expect that the method we have proposed can be applied to any sign language, hopefully leading to improved communication with speaking- and hearing-impaired people in various countries."
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Super-Earth vs. Sub-Neptune? The winner is Super-Venus! | ScienceDaily
New observational data from the James Webb Space Telescope and simulation models have confirmed a new type of planet unlike anything found in the Solar System. This provides another piece of the puzzle to understand how planets and planetary systems form.


						
To date, more than 5000 exoplanets have been confirmed around stars other than the Sun. Many exoplanets are unlike any of the planets in the Solar System, making it difficult to guess their true natures. One of the most common types of exoplanets falls in a size range between Earth and Neptune. Astronomers have debated whether these planets are Earth-like rocky planets with thick hydrogen-rich atmospheres, or Neptune-like icy planets surrounded by water-rich atmospheres, called water worlds. Previous studies have been confounded by layers of high thick clouds, which seem to be common on this type of planet, and make it difficult to study the atmosphere below the cloud deck.

An international team of researchers led by Everett Schlawin at the University of Arizona and Steward Observatory and Kazumasa Ohno at the National Astronomical Observatory of Japan used the James Webb Space Telescope to peer through the clouds on an example of this kind of exoplanet known as GJ 1214 b. Located only 48 light years from the Solar System, in the direction of the constellation Ophiuchus, GJ 1214 b is the easiest example of this planet to study.

Instead of a hydrogen rich super-Earth, or a water world, the new data revealed concentrations of carbon-dioxide (CO2) comparable to the levels found in the dense CO2 atmosphere of Venus in the Solar System. But there were still many uncertainties in the new data. "The detected CO2 signal from the first study is tiny, and so it required careful statistical analysis to ensure that it is real," explains Ohno. "At the same time, we needed the physical and chemical insights to extract the true nature of GJ 1214 b's atmosphere from Schlawin's study." Then Ohno took the lead, using theoretical models to run a plethora of "what if" scenarios about the atmosphere of the planet. Out of all of these models, the ones which best fit the data all suggest a carbon-dominated atmosphere, like a "super-Venus."

Although fascinating, the atmospheric signature detected in this work is very small. Schlawin compares it to reading a book, "It's equivalent to Leo Tolstoy's War and Peace. If I gave you two copies and changed one sentence in one of the books, could you find that sentence?" The team stresses the need for future studies to confirm and expand their findings about this common yet mysterious type of exoplanet.
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RNA research: Ribozyme structure revealed | ScienceDaily
Researchers led by chemist Claudia Hobartner have now uncovered the 3D structure of the RNA enzyme SAMURI. Their study provides insights into the development of ribozymes and the evolution of catalytically active RNA.


						
RNA molecules are an integral part of the human body: In cells, they ensure the transfer of genetic information and regulate the activity of genes. Some even act as catalysts, allowing chemical reactions to take place that would otherwise take place very slowly or not at all. Enzymes made of RNA are called "ribozymes."

A group of researchers led by Professor Claudia Hobartner at the University of Wurburg (JMU) has now uncovered the three-dimensional structure of a very special ribozyme: SAMURI. This is an RNA molecule generated in the lab that the team first presented in 2023. The researchers from the Institute of Organic Chemistry were able to determine the 3D structure of SAMURI using X-ray crystallography and in collaboration with Professor Hermann Schindelin from the Rudolf Virchow Centre in Wurzburg.

Small Changes with a Big Impact

What makes SAMURI so interesting for the researchers is its very special ability: the ribozyme can chemically modify other RNA molecules at a specific site and thus influence their function -- for example, activate them or render them recognisable by proteins. Such modifications have some very important tasks in nature and ensure that RNAs can carry out their function properly. If errors occur in this regulation, i.e. if an RNA has too many or too few chemical changes, this can lead to the failure of certain metabolic processes.

"We can think of RNA molecules as sentences made up of individual words and letters (nucleosides)," explains Hobartner. "The smallest changes at individual points -- such as the replacement of a letter -- can completely change the meaning of a word or the entire sentence. Just as the word "bat" becomes "cat" by changing a letter, thus describing two distinct animals with very different abilities, it is similar at the cellular level: "Here, the RNA receives the new information by nature making small chemical changes to it. In science, these are called modifications. Enzymes carry out a chemical reaction on the RNA, using a helper molecule called S-adenosylmethionine, or SAM for short, which is important for many processes in the cell."

SAMURI also uses SAM to introduce modifications in the RNA. It is exciting to note that some natural RNA molecules discovered in bacteria can also interact with SAM -- but without catalysing the chemical reaction. These RNAs are called riboswitches, and they do not chemically modify other RNAs.




Thanks to the deciphered molecular structure of SAMURI, the researchers can now better answer the question of how the specific interaction of artificial ribozymes with SAM differ from natural riboswitches. Studies suggest that naturally occurring SAM-binding RNA could be derived from earlier ribozymes that lost their catalytic function during evolution," says Hobartner.

Basic Research Guides the Development of New Therapeutic Strategies

Knowledge of the structure and function of catalytic RNA is important for improving existing ribozymes and developing new ones. For example, it would be important for research into natural RNA modifications -- for example, to visualise them, but also for their use in therapeutic RNAs.

"Our findings could therefore provide new directions for the development of RNA-based therapeutics" says Hobartner. "It is conceivable that further developed ribozymes could one day be used as drugs themselves."

The work was funded by the German Research Foundation (DFG).
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Monitoring tumor-informed circulating tumor DNA after CGP | ScienceDaily
Researchers from Iwate Medical University and Tohoku University have revealed that it is possible to predict cancer relapse and treatment response by measuring circulating tumor DNA (ctDNA), in tandem with data from comprehensive genomic profiling (CGP).


						
CGP test results can be used to tailor recommendations for advanced cancer treatment, with the goal of matching individual patients with the most effective option to prolong survival. This study retrospectively looked at the CGP and clinical data of 219 patients of Iwate Medical University with advanced cancer registered with the Center for Personalized Medicine at Tohoku University Hospital. Of these patients, only 14 (6.4%) received a tailored treatment based on their CGP results.

The research team proposed that patients who underwent CGP could undergo ctDNA monitoring by using digital PCR (dPCR) (Off The Shelf-assay, hereafter OTS-Assay). The OTS-Assay was originally developed at Iwate Medical University, and has been clinically validated for a number of different cancers. Strengthening our knowledge and further testing the validity of this system is crucial, so that it can potentially become more commonplace in clinical practice.

"First, we complete CGP to recommend an ideal treatment. Then, we can further predict and monitor the efficacy of that treatment using a relevant ctDNA -- a measure of tumor DNA in the blood that can pick up even minimal hints that the cancer is still persisting," explains Satoshi Nishizuka (Iwate Medical University).

The clinical validity of the OTS-Assay was evaluated for "early relapse prediction," "treatment response evaluation," and "no relapse/regrowth corroboration." Monitoring of ctDNA by dPCR was performed in 11 patients. Overall, 10 of 11 patients (90.9%) achieved at least one of the following validated outcomes: "early relapse prediction," "treatment response evaluation," and "no relapse/regrowth corroboration."

This study demonstrated that ctDNA monitoring using the OTS-Assay system can be used effectively in conjunction with CGP data in order to predict patient outcomes for a broad range of cancer types. This finding represents a step forward for personalized precision medicine. Importantly, the majority of patients who receive CGP but do not actually receive a recommended treatment (the remaining 93.6%) can still undertake ctDNA monitoring using the OTS-Assay system to evaluate their disease progression. This type of personalized medical care could improve clinical management techniques, and ultimately help cancer patients around the world.
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Not all Hot Jupiters orbit solo | ScienceDaily
Hot Jupiters are giant planets initially known to orbit alone close to their star. During their migration towards their star, these planets were thought to accrete or eject any other planets present. However, this paradigm has been overturned by recent observations, and the final blow could come from a new study led by the University of Geneva (UNIGE). A team including the National Centre of Competence in Research (NCCR) PlanetS, the Universities of Bern (UNIBE) and Zurich (UZH) and several foreign universities has just announced the existence of a planetary system, WASP-132, with an unexpected architecture. It not only contains a Hot Jupiter but also an inner Super-Earth and an icy giant planet. These results are published in Astronomy & Astrophysics.


						
Hot Jupiters are planets with masses similar to that of Jupiter, but orbit close to their star, at a much smaller distance than Mercury is to the Sun. It is difficult for these giant planets to form where they are observed, because there is not enough gas and dust close to the star. They must therefore form far from it and migrate as the planetary system evolves.

Until recently, astronomers observed that Hot Jupiters were isolated around their star, with no other planets in their vicinity. This observation seemed all the more solid as there was a theory to explain it. The processes involved in the migration of giant planets towards their star lead to the accretion or ejection of any planets in an inner orbit. But recent observations suggest other scenarios.

A team led by the Astronomy Department of the UNIGE Faculty of Science, in partnership with UNIBE and UZH, as part of the NCCR PlanetS, and with other international institutions such as the University of Warwick, has just confirmed this trend. The scientists have discovered the existence of a multi-planetary system made up of a Hot Jupiter, an inner Super-Earth (even closer to the star than the hot Jupiter) and an outer massive giant planet (much further away from the star than the Hot Jupiter). If Hot Jupiters are not always alone in their planetary system, then their migration process must be different in order to preserve the architecture of the system.

A unique multi-planetary system

The WASP-132 system is a unique multi-planetary system. It contains a Hot Jupiter that orbits its star in 7 days and 3 hours; a Super-Earth (a rocky planet 6 times the mass of the Earth) that orbits the star in just 24 hours and 17 minutes; and a giant planet (5 times the mass of Jupiter) that orbits the host star in 5 years. In addition, a much more massive companion, probably a brown dwarf (a celestial body whose mass is between that of a planet and that of a star), orbits at a very long distance.

''The WASP-132 system is a remarkable laboratory for studying the formation and evolution of multi-planetary systems. The discovery of a Hot Jupiter alongside an inner Super-Earth and a distant giant planet calls into question our understanding of the formation and evolution of these systems,'' says Francois Bouchy, associate professor in the Department of Astronomy at the UNIGE Faculty of Science and co-author of the study. ''This is the first time we have observed such a configuration!,'' adds Solene Ulmer-Moll, a postdoctoral researcher at UNIGE and UNIBE at the time of the study and co-author of the paper.




Eighteen years of observation

For exoplanetologists, the story of the star WASP-132 began in 2006, as part of the Wide-Angle Search for Planets (WASP) program. In 2012, the accumulation of more than 23,000 photometric measurements made it possible to identify a planetary candidate, WASP-132b, with a radius of 0.87 times Jupiter's and an orbital period of 7.1 days. In 2014, the CORALIE spectrograph, installed on the Swiss Euler telescope and led by the UNIGE, began a campaign to monitor this candidate. In 2016, WASP-132b was confirmed and its mass was measured to be equal to 0.41 Jupiter masses. Furthermore the CORALIE measurements indicate the presence of another giant planet with a very long period.

Around the same star, at the end of 2021, the TESS space telescope revealed the signal from a transiting Super-Earth with a diameter of 1.8 Earth radii and a period of only 1.01 days. In the first half of 2022, the HARPS spectrograph at the La Silla observatory measured the mass of this Super-Earth, which is six times the mass of Earth, as part of a program led by David Armstrong from the University of Warwick.

''The detection of the inner Super-Earth was particularly exciting,'' explains Nolan Grieves, a postdoctoral researcher in the Department of Astronomy at the UNIGE Faculty of Science at the time of the study, and first author of the paper. ''We had to carry out an intensive campaign using HARPS and optimised signal processing to characterise its mass, density and composition, revealing a planet with a density similar to that of the Earth''.

Observations of WASP-132 are not over yet, however, as ESA's Gaia satellite has been measuring the minute variations in the positions of stars since 2014, with an aim to reveal their planetary companions and outer brown dwarfs.

A new understanding of planet formation

The discovery of an outer cold giant planet and an inner Super-Earth adds another layer of complexity to the WASP-132 system. The standard hypothesis of migration by dynamical perturbation of the Hot Jupiter towards the interior does not hold, as this would have destabilised the orbits of the other two planets. Instead, their presence suggests a more stable and dynamically ''cool'' migration path in a proto-planetary disc for the hot Jupiter, preserving its neighbours.

The combination of precise radius and mass measurements has also made it possible to determine the density and internal composition of the planets. The Hot Jupiter WASP-132b reveals a heavy element enrichment of around 17 Earth masses, in agreement with models of gas giant formation. The Super-Earth has a composition dominated by metals and silicates that is fairly similar to that of the Earth.

''The combination of a Hot Jupiter, an inner Super-Earth and an outer giant planet in the same system provides important constraints on theories of planet formation and in particular their migration processes,'' concludes Ravit Helled, professor at the UZH and co-author of the study. ''WASP-132 demonstrates the diversity and complexity of multi-planetary systems, underlining the need for very long-term, high-precision observations.''
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MRI scanning and biopsy could reduce delays in the correct treatment for bladder cancer by more than six weeks | ScienceDaily
Patients with a common aggressive type of bladder cancer could get correct treatment significantly quicker as new research suggests that initial MRI imaging and biopsy could be used to reduce the time patients wait.


						
In a new study published in the Journal of Clinical Oncology today, a research team from the University of Birmingham's Bladder Cancer Research Centre (BCRC) and Cancer Research UK Clinical Trials Unit (CRCTU) ran a randomised controlled trial testing whether adding a type of magnetic resonance imaging (mpMRI) as the first staging investigation was as effective and quicker than the usual surgical staging for bladder tumours.

The study, funded by the UK National Institute for Health and Care Research, saw 143 patients with suspected bladder cancer randomised into two groups, either going through the usual test called transurethral resection of bladder tumour (TURBT), or an initial MRI scan to decide upon the most appropriate next steps.

The team found that patients who were randomised to have MRI had a significant reduction in the time taken to receive their correct treatment with a median time of 53 days from first referral to correct treatment, which was 45 days quicker than the usual standard of care which had a median time of 98 days.

Usual tests for muscle invasive bladder cancer involve transurethral resection, which is a surgical procedure carried out under anaesthetic by a surgeon in which a thin telescope inserted through the urethra is used to examine the bladder and remove tumour material.

Rik Bryan, Professor in Urothelial Cancer Research and Director of the Bladder Cancer Research Centre at the University of Birmingham and first author of the study said:

"Bladder cancer is a common cancer and we know that with any cancer, and especially muscle-invasive bladder cancer, speed is of the essence when treating. Any ways to improve the time from initially suspecting cancer to getting the right treatment gives patients the best chance of responding well.




"However, this aspect of the bladder cancer care pathway has remained essentially unchanged worldwide for over 100 years, whilst the rest of medicine and healthcare has innovated around it. We wanted to evaluate whether the 21st century approaches that have benefited the diagnosis and treatment of all other cancer patients would also benefit bladder cancer patients. The BladderPath trial looked at whether adding in some extra or alternative diagnostic testing, mpMRI first then and biopsy or TURBT, could speed up the time taken to receive the correct treatment for the most concerning form of bladder cancer.

"We were delighted that the experimental diagnostic pathway that introduced MRI led to a vastly reduced time taken for patients to receive their correct treatments, from 98 days on average for the usual procedures reduced by more than 6 weeks to 53 days."

Nick James, Professor of Prostate and Bladder Cancer Research at The Institute of Cancer Research, London and Consultant Clinical Oncologist at The Royal Marsden NHS Foundation Trust, and the study Chief Investigator said:

"This research shows that by adding an MRI pre-biopsy we can cut the time taken to correct treatment for the worst bladder tumours -- those that invade the bladder muscle wall -- by almost half, from 98 days down to 53 days. We've also shown that around 1 in 7 of these patients with problematic tumours can avoid the surgical procedure used to diagnose bladder cancer. As an MRI is considerably cheaper than this surgery, we estimate that this new diagnostic pathway will save money, as well as saving surgical theatre space and preventing patients from undergoing unnecessary procedures. The next step for this research is to assess whether this impacts the survival of these patients."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250115125424.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Octopus arms have segmented nervous systems to power extraordinary movements | ScienceDaily
Octopus arms move with incredible dexterity, bending, twisting, and curling with nearly infinite degrees of freedom. New research from the University of Chicago revealed that the nervous system circuitry that controls arm movement in octopuses is segmented, giving these extraordinary creatures precise control across all eight arms and hundreds of suckers to explore their environment, grasp objects, and capture prey.


						
"If you're going to have a nervous system that's controlling such dynamic movement, that's a good way to set it up," said Clifton Ragsdale, PhD, Professor of Neurobiology at UChicago and senior author of the study. "We think it's a feature that specifically evolved in soft-bodied cephalopods with suckers to carry out these worm-like movements."

The study, "Neuronal segmentation in cephalopod arms," was published January 15, 2025, in Nature Communications.

Each octopus arm has a massive nervous system, with more neurons combined across the eight arms than in the animal's brain. These neurons are concentrated in a large axial nerve cord (ANC), which snakes back and forth as it travels down the arm, every bend forming an enlargement over each sucker.

Cassady Olson, a graduate student in Computational Neuroscience who led the study, wanted to analyze the structure of the ANC and its connections to musculature in the arms of the California two-spot octopus (Octopus bimaculoides), a small species native to the Pacific Ocean off the coast of California. She and her co-author Grace Schulz, a graduate student in Development, Regeneration and Stem Cell Biology, were trying to look at thin, circular cross-sections of the arms under a microscope, but the samples kept falling off the slides. They tried lengthwise strips of the arms and had better luck, which led to an unexpected discovery.

Using cellular markers and imaging tools to trace the structure and connections from the ANC, they saw that neuronal cell bodies were packed into columns that formed segments, like a corrugated pipe. These segments are separated by gaps called septa, where nerves and blood vessels exit to nearby muscles. Nerves from multiple segments connect to different regions of muscles, suggesting the segments work together to control movement.

"Thinking about this from a modeling perspective, the best way to set up a control system for this very long, flexible arm would be to divide it into segments," Olson said. "There has to be some sort of communication between the segments, which you can imagine would help smooth out the movements."

Nerves for the suckers also exited from the ANC through these septa, systematically connecting to the outer edge of each sucker. This indicates that the nervous system sets up a spatial, or topographical, map of each sucker. Octopuses can move and change the shape of their suckers independently. The suckers are also packed with sensory receptors that allow the octopus to taste and smell things that they touch -- like combining a hand with a tongue and a nose. The researchers believe the "suckeroptopy," as they called the map, facilitates this complex sensory-motor ability.




To see if this kind of structure is common to other soft-bodied cephalopods, Olson also studied longfin inshore squid (Doryteuthis pealeii), which are common in the Atlantic Ocean. These squid have eight arms with muscles and suckers like an octopus, plus two tentacles. The tentacles have a long stalk with no suckers, with a club at the end that does have suckers. While hunting, the squid can shoot the tentacles out and grab prey with the sucker-equipped clubs.

Using the same process to study long strips of the squid tentacles, Olson saw that the ANC in the stalks with no suckers are not segmented, but the clubs at the end are segmented the same way as the octopus. This suggests that a segmented ANC is specifically built for controlling any type of dexterous, sucker-laden appendage in cephalopods. The squid tentacle clubs have fewer segments per sucker, however, likely because they do not use the suckers for sensation the same way octopuses do. Squid rely more on their vision to hunt in the open water, whereas octopuses prowl the ocean floor and use their sensitive arms as tools for exploration.

While octopuses and squid diverged from each other more than 270 million years ago, the commonalities in how they control parts of their appendages with suckers -- and differences in the parts that don't -- show how evolution always manages to find the best solution.

"Organisms with these sucker-laden appendages that have worm-like movements need the right kind of nervous system," Ragsdale said. "Different cephalopods have come up with a segmental structure, the details of which vary according to the demands of their environments and the pressures of hundreds of millions of years of evolution."
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Memory systems in the brain drive food cravings that could influence body weight | ScienceDaily
Can memory influence what and how much we eat? A groundbreaking Monell Chemical Senses Centerstudy, which links food memory to overeating, answered that question with a resounding "Yes." Led by Monell Associate Member Guillaume de Lartigue, PhD, the research team identified, for the first time, the brain's food-specific memory system and its direct role in overeating and diet-induced obesity.


						
Published in Nature Metabolism, they describe a specific population of neurons in the mouse brain that encode memories for sugar and fat, profoundly impacting food intake and body weight. "In today's world, we are constantly bombarded with advertisements and environmental triggers designed to remind us of pleasurable food experiences," said Dr. de Lartigue. "What's surprising is that we've pinpointed a specific population of neurons in the hippocampusthat not only forms these food-related memories but also drives our eating behavior. This connection could have significant implications for body weight and metabolic health."

These neurons encode memories of the spatial location of nutrient-rich foods, acting as a "memory trace," particularly for sugar and fat. Silencing these neurons impairs an animal's ability to recall sugar-related memories, reduces sugar consumption, and prevents weight gain, even when animals are exposed to diets that contribute to excessive weight gain. Conversely, reactivating these neurons enhances memory for food, increasing consumption and demonstrating how food memories influence dietary behavior.

These findings introduce two new concepts: first, evidence that specific neurons in the brain store food-related memories, and second, that these memories directly impact food intake. "While it's no surprise that we remember pleasurable food experiences, it was long assumed that these memories had little to no impact on eating behavior," said Dr. de Lartigue. "What's most surprising is that inhibition of these neurons prevents weight gain, even in response to diets rich in fat and sugar."

Memory's Underappreciated Role 

Memory is often overlooked as a key driver of food intake, but this study demonstrates a direct link between memory and metabolism. What sets this discovery apart from other studies related to memory is its implications for understanding metabolic health. Deleting sugar-responsive neurons in the hippocampus of the animals not only disrupts memory but also reduces sugar intake and protects against weight gain, even when animals are exposed to high-sugar diets. This highlights a direct link between certain brain circuits involved in memory and metabolic health, which has been largely overlooked in the field of obesity research.

"Memory systems in the hippocampus evolved to help animals locate and remember food sources critical for survival," said first author Mingxin Yang, a University of Pennsylvania doctoral student in the de Lartigue lab. "In modern environments, where food is abundant and cues are everywhere, these memory circuits may drive overeating, contributing to obesity."

Specific, Yet Independent Circuits




Another key discovery is that food-related memories are highly specific. Sugar-responsive neurons encode and influence only sugar-related memories and intake, while fat-responsive neurons impact only fat intake. These neurons do not affect other types of memory, such as spatial memory for non-food-related tasks.

"The specificity of these circuits is fascinating," said de Lartigue. "It underscores how finely tuned the brain is for linking food to behavior, ensuring animals can differentiate between various nutrient sources in their environment." We have separate types of neurons that encode memory for foods rich in fat versus memory for foods rich in sugar. These separate systems presumably evolved because foods in nature rarely contain both fat and sugar, surmise the authors.

Implications for Treating Obesity 

The study's findings open new possibilities for addressing overeating and obesity. By targeting hippocampal memory circuits, it may be possible to disrupt the memory triggers that drive consumption of unhealthy, calorie-dense foods.

"These neurons are critical for linking sensory cues to food intake," said Dr. de Lartigue. "Their ability to influence both memory and metabolism makes them promising targets for treating obesity in today's food-rich world."

This collaborative study was conducted with colleagues from the University of Pennsylvania and the University of Southern California and was supported by the National Institutes of Health and the American Heart Association.
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Land ahoy! Experiments at GSI/FAIR reveal the shoreline of the island of stability of super-heavy elements | ScienceDaily
A team of researchers from GSI/FAIR, Johannes Gutenberg University Mainz and the Helmholtz Institute Mainz has succeeded in exploring the limits of the so-called island of stability within the superheavy nuclides more precisely by measuring the superheavy rutherfordium-252 nucleus, which is now the shortest-lived known superheavy nucleus. The results were published in the journal Physical Review Letters and highlighted as an "Editor's suggestion."


						
The strong force ensures cohesion in atomic nuclei consisting of protons and neutrons. However, as the positively charged protons repel each other, nuclei with too many protons are at risk of splitting -- a challenge in the production of new, superheavy elements. Certain combinations of protons and neutrons, the so-called "magic numbers," give nuclei additional stability. When taking these magic combinations into account, theoretical works dating back to the 1960s predict an island of stability in the sea of unstable superheavy nuclei, where very long lifetimes could be achieved, even approaching the age of the Earth.

The concept of this island has since been confirmed, with the observation of increasing half-lives in the heaviest currently known nuclei as the predicted next magic number of 184 neutrons is approached. However, the location of the peak of this island, its height (reflecting the maximum expected half-life), and also the island's extension are still unknown. Researchers at GSI/FAIR in Darmstadt, the Johannes Gutenberg University Mainz (JGU) and the Helmholtz Institute Mainz (HIM) have now come a step closer to mapping this island, by discovering the shortest-lived superheavy nucleus known thus far, which marks the position of the island's shoreline in nuclei of rutherfordium (Rf, element 104).

To allow experimental detection, the minimum lifetime of superheavy nuclei is on the order of a millionth of a second, which renders extremely short-lived superheavy nuclei in the vicinity of sea of instability inaccessible. But there is a trick: Sometimes, excited states, stabilized by quantum effects, show longer lifetimes and open a doorway to the short-lived nuclei. "Such long-lived excited states, so-called isomers, are widespread in superheavy nuclei of deformed shape according to my calculations," says Dr. Khuyagbaatar Jadambaa, first author of the publication from GSI/FAIR's research department for superheavy element chemistry. "Thus, they enrich the picture of the island of stability with 'clouds of stability' hovering over the sea of instability."

The research team from Darmstadt and Mainz succeeded in examining these predictions by searching for the hitherto unknown nucleus Rf-252. The researchers used an intense beam of titanium-50 available at the GSI/FAIR's UNILAC accelerator to fuse titanium nuclei with lead nuclei supplied on a target foil. The fusion products were separated in the TransActinide Separator and Chemistry Apparatus TASCA. They implanted into a silicon detector after a flight-time of about 0.6 microseconds. This detector registered their implantation as well as their subsequent decay.

In total, 27 atoms of Rf-252 decaying by fission with a half-life of 13 microseconds were detected. Thanks to the fast digital data acquisition system developed by GSI/FAIR's Experiment Electronics department, electrons emitted after the implantation of the isomer Rf-252m and released in its decay to the ground state, were detected. Three such cases were registered. In all cases, a subsequent fission followed within 250 nanoseconds. From these data, a half-life of 60 ns was deduced for the ground-state of Rf-252, which is now the shortest-lived superheavy nucleus currently known.

"The result decreases the lower limit of the known lifetimes of the heaviest nuclei by almost two orders of magnitude, to times that are too short for direct measurement in the absence of suitable isomer states. The present findings set a new benchmark for further exploration of phenomena associated with such isomer states, inverted fission-stability where excited states are more stable than the ground state, and the isotopic border in the heaviest nuclei." says Professor Christoph E. Dullmann, head of the research department for superheavy element chemistry at GSI/FAIR.

In future experimental campaigns, the measurement of isomeric states with inverted fission stability in the next heavier element seaborgium (Sg, element 106) is envisioned and to be used for the synthesis of Sg istopes with lifetimes below a microseconds in order to further map the isotopic border. The result also opens new perspectives for the international facility FAIR (Facility for Antiproton and Ion Research), which is currently under construction in Darmstadt.
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From caring touch to cooperative communities | ScienceDaily
The power of touch and social connections helps people to cope with an increasingly stressful world as indicated by a recent decline in mental health. Gentle, caring touch plays a significant role in strengthening interpersonal bonds and enhancing mental health. It is often referred to as affective or consoling touch, and has been linked to many health benefits including enhanced social connection and trust, stress and pain reduction, and better mental health. As a Konstanz-based researcher and his team observe, caring, gentle social touch can also play a significant role in the lives of animals and may even allow for the evolution of cooperation.


						
In a recently published study, an international research team, led by Michael Griesser from the University of Konstanz and its Cluster of Excellence "Collective Behaviour" and Miya Warrington from Oxford Brookes University synthesizes evidence from the animal kingdom to highlight the key role of touch in animals for the evolution and persistence of friendships and cooperation.

Griesser and Warrington noticed differences in the level of touch and cooperation between two wild bird species that they both study -- Apostlebirds in the Australian outback and Siberian jays in Swedish Lapland. They observed that the high-touch apostlebirds preen each other and cooperated in many contexts, including joint care of young, while Siberian jays do not preen each other and cooperate in few tasks. Teaming up with primatologists, Judith Burkart and Natalie Uomini at the University of Zurich, Switzerland, and African mammal physiologists, Nigel Bennett and Daniel Hart at the University of Pretoria, South Africa, they explored the common features of touch, hormones and cooperation between birds and mammals. Astoundingly, the joint investigation revealed that touch has a key role in forming and maintaining social bonds in general, directly affecting how animals cooperate.

The word "cooperation" is used for many behaviours where the involved individuals benefit, explains Warrington, "but, in fact, not all such behaviours are done out of kindness, or because we are bonded to the other individual. Actually, cooperative behaviours occur along a spectrum." For example, on one side of the spectrum there are animals, like impalas, that groom each other reciprocally, to remove the parasites off their necks that they can't reach themselves. Thus, this is a very transactional behaviour. On the other side of the spectrum, animals like marmosets, live in family groups and group members do everything together regardless of immediate direct benefits. Thus, marmosets are very prosocial in most aspects of their lives.

This spectrum of cooperation is not entirely unexpected, reflecting the great diversity in how and why species cooperate. "As we observe in Apostlebirds and Siberian jays, the diversity in cooperation has a link to the level of touching, but also touch sensitivity and the types of bonds in nature" explains Griesser. Indeed, this is seen in mole rats where asocial species have few touch receptors in their skin and are not touch sensitive while the opposite is the case in social mole rat species, for example the eusocial naked mole rat.

In social species, the caring touch offspring receive early on in life sets a dynamic in motion that continues into adulthood. Griesser and Warrington observe that, as a result, animals that grow up with close social bonds engage more likely in social cooperation, not only in the context of their families, but also with other adults, in partnerships and friendships as well as during their own parenthood.

Key facts:
    	The article "The power of caring touch: from survival to prosocial cooperation" was published in Journal Trends in Ecology and Evolution.
    	The article describes a link between caring touch -- especially during brood care -, sociality and social cooperation. The hormones oxytocin and vasotocin play an important role in the process.
    	Author Michael Griesser works at the Cluster of Excellence "Collective Behaviour" at the University of Konstanz and is an associated researcher at the Max Planck Institute of Animal Behavior.
    	Author Miyako H. Warrington researches at Oxford Brookes University, Oxford, UK.
    	Other contributors to the paper were Nigel C. Bennett (University of Pretoria, South Africa), Judith M. Burkart (University of Zurich, Switzerland), Daniel W. Hart (University of Pretoria, South Africa) and Natalie Uomini (University of Zurich, Switzerland).





					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250115125413.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A molecule is shown to produce cognitive improvement in rodents with early Alzheimer's disease | ScienceDaily
The UPV/EHU's Neurochemistry and Neurodegeneration group has come up with a drug that is a potential candidate for tackling memory deficits in the early stages of the disease in rodents. Research shows that the drug activates the cannabinoid neurotransmitter system (which protects the brain), and this stimulates the cholinergic system (which controls memory and learning) by increasing the synthesis of acetylcholine (a neurotransmitter in the brain that controls memory and learning). These results open up a promising therapeutic approach.


						
Research spanning more than 20 years has led the UPV/EHU's Neurochemistry and Neurodegeneration group under Dr Rafael Rodriguez-Puertas to discover a promising avenue for the development of new therapies that improve memory in cases of cognitive impairment in neurodegenerative diseases such as Alzheimer's and Parkinson's. The study carried out by Dr Marta Moreno-Rodriguez in the UPV/EHU group showed that the neurotransmitter receptors in the cannabinoid family and certain choline-containing lipids in the brain contribute towards cognitive improvement in rats.

The researcher Rodriguez-Puertas explained that "analyses carried out over the years on a very large sample of brain tissue from autopsies of patients who were at different stages of development of the disease enabled us, intriguingly, to see that when the first clinical symptoms of Alzheimer's emerge, damage is found in the area that is initially affected in patients and is caused by one of the interneuronal transmission systems, the cholinergic system (which controls memory and learning and uses acetylcholine as a neurotransmitter); by contrast, we saw that another neurotransmission system, the cannabinoid system, increases." The team also found that as the disease progresses, the cannabinoid system also ends up damaged: "It's as if this cannabinoid system has an initial protective response to the damage of the cholinergic system and tries to protect the brain," he said. "It is therefore a therapeutic target on which to act."

After testing the effect of the drug WIN55.212-2, which interacts with cannabinoid receptors, on rodents in the early stages of the disease, the team found "that they behaved in the same way as those without brain damage: they learned and remembered spatial orientation in the same way," explained Marta Moreno. "You could say that in some way the drug reversed the damage or protected the brain."

A novel technique to identify and locate lipids in the brain

The research group was able to understand the mechanism of this cognitive improvement "by using a novel technique developed and fine-tuned by the research group at the UPV/EHU and which enables the lipids in the brain to be identified and anatomically located. That way we saw that, after treatment, the activity of the cannabinoid system had increased; and also that there was an increase in the activity of the patients' cholinergic neuronal receptors that had been damaged, and also that there was an increase in the synthesis of certain lipids containing choline, which are precursors of acetylcholine, a neurotransmitter that controls memory and learning in the brain," explained Rafael Rodriguez. In other words, "the cannabinoid receptors were seen to be activated and the acetylcholine levels in the brain to be increased. The drug restored the cholinergic system and improved memory," added Moreno.

Rafael Rodriguez believes that "this molecule could become a drug to treat the symptoms of dementia, at least during the initial stages of the disease, because we have already seen that the body itself, physiologically, tries to do something similar." "With these pharmacological treatments we could help to enhance that effect, or perhaps even apply a mixed treatment of cannabinoid drugs with acetylcholine precursors," he suggested.




Seeking similar molecules to move on to clinical trials

Although the results of the tests on rodents were very promising, and the next step would be to study their toxicity and move on to clinical testing on humans, the research team has come up against the obstacle that the molecule is a free-to-use molecule, in other words "it is a synthesis molecule that is widely used in experimentation; we did not synthesise it ourselves. It is not a molecule that a particular pharmaceutical company can exploit. Toxicology studies and clinical trials constitute a major investment for the pharmaceutical industry and this molecule does not offer them the possibility of future commercial exploitation"; so they are now working to find and synthesise molecules similar to WIN55.212-2 that could be of interest to the pharmaceutical industry and thus pave the way towards the clinical study of this new therapeutic pathway. To this end, they are working in collaboration with CIC bioGUNE and the University of Vigo.

Additional information

This study is the outcome of many years of uninterrupted work and of the PhD thesis of the researcher Marta Moreno-Rodriguez, written up under the supervision of Rafael Rodriguez-Puertas, a tenured doctoral researcher and leader of the UPV/EHU's Neurochemistry and Neurodegeneration research group. Marta Moreno is currently working at the Barrow Neurological Institute in Arizona (USA).

The tissue samples analysed over the years came from the Basque Biobank, the Central University Hospital of Asturias and the Barrow Neurological Institute (USA).
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Protein shapes can help untangle life's ancient history | ScienceDaily
The three-dimensional shape of a protein can be used to resolve deep, ancient evolutionary relationships in the tree of life, according to a study in Nature Communications. 


						
It is the first time researchers use data from protein shapes and combine it with data from genomic sequences to improve the reliability of evolutionary trees, a critical resource used by the scientific community for understanding the history of life, monitor the spread of pathogens or create new treatments for disease.

Crucially, the approach works even with the predicted structures of proteins that have never been experimentally determined. It has implications for the massive amount of structural data being generated by tools like AlphaFold 2 and help open new windows into the ancient history of life on Earth.

There are 210 thousand experimentally determined protein structures but 250 million known protein sequences. Initiatives like the EarthBioGenome project could generate billions more protein sequences in the next few years. The abundance of data opens the door to applying the approach on an unprecedented scale.

For many decades, biologists have been reconstructing evolution by tracing how species and genes diverge from common ancestors. These phylogenetic or evolutionary trees are traditionally built by comparing DNA or protein sequences and counting the similarities and differences to infer relationships.

However, researchers face a significant hurdle -- a problem known as saturation. Over vast timescales, genomic sequences can change so much that they no longer resemble their ancestral forms, erasing signals of shared heritage.

"The issue of saturation dominates phylogeny and represents the main obstacle for the reconstruction of ancient relationships," says Dr. Cedric Notredame, researcher at the Centre for Genomic Regulation (CRG) and lead author of the study. "It's like the erosion of an ancient text. The letters become indistinct, and the message is lost."

To overcome this challenge, the research team turned to the physical structures of proteins. Proteins fold into complex shapes that determine a cell's function. These shapes are more conserved over evolutionary time than the sequences themselves, meaning they change more slowly and retain ancestral features for longer.




The shape of a protein is dictated by its amino acid sequence. While sequences may mutate, the overall structure often remains similar to preserve function. The researchers hypothesised they could gauge how much the structures diverge over time by measuring the distance between pairs of amino acids within a protein, also known as intra-molecular distances (IMDs).

The study compiled a massive dataset of proteins with known structures, covering a wide range of species. They calculated the IMDs for each protein and used these measurements to construct phylogenetic trees.

They found that trees built from structural data closely matched those derived from genetic sequences, but with a crucial advantage: the structural trees were less affected by saturation. This means they retained reliable signals even when genetic sequences had diverged significantly.

Recognising that both sequences and structures offer valuable insights, the team developed a combined approach which not only improved the reliability of the tree branches but also helped distinguish between correct and incorrect relationships.

"It's akin to having two witnesses describe an event from different angles," explains Dr. Leila Mansouri, coauthor of the study. "Each provides unique details, but together they give a fuller, more accurate account."

One practical example where the combined approach could make a significant impact is in understanding the relationships among kinases in the human genome. Kinases are proteins involved in many different important cellular functions.




"The genome of most mammals, including humans, contains about 500 protein kinases that regulate most aspects of our biology," says Dr. Notredame. "These kinases are major targets for cancer therapy, for example drugs like imatinib for humans or toceranib for dogs."

Human kinases have arisen through duplications occurring over the last billion years. "Within the human genome, the most distantly related kinases are about a billion years apart," says Dr. Notredame. "They duplicated in the common ancestor of the common ancestor of our common ancestor."

This vast timescale involved makes it incredibly difficult to build accurate gene trees that show how all these kinases are related. "Yet, as imperfect as it may be, the kinase evolutionary tree is widely used to understand how it interacts with other drugs. Improving this tree, or improving trees of other important protein families, would be an important advance for human health," adds Dr. Notredame.

The potential applications of the work go beyond cancer. Using the approach to create more accurate evolutionary trees could also improve our understanding of how diseases evolve more generally, aiding in the development of vaccines and treatments. They can also help shed light on the origins of complex traits, guide the discovery of new enzymes for biotechnology, and even help trace the spread of species in response to climate change.
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New insights into the biology and risk factors of childhood obesity | ScienceDaily
A cutting-edge molecular approach provides a detailed picture of the biological pathways associated with childhood obesity and metabolic dysfunction, and identifies environmental risk factors during early life. The study, led by the Barcelona Institute for Global Health (ISGlobal), an institution supported by "la Caixa" Foundation, can help to develop strategies to prevent childhood obesity and its long-term health effects.


						
Childhood obesity is a major public health concern: 1 in 10 children are living with obesity across Europe, which puts them at high risk of metabolic disorders and cardiovascular disease later in life. Despite its prevalence, the biological mechanisms behind obesity-related health problems remain poorly understood, and not all children with obesity develop metabolic issues.

To address this gap, researchers used an advanced "multi-layered omics" approach to examine gene expression, proteins, and metabolites in blood samples from over 800 European children, together with detailed information about their health and prenatal environment. "Prenatal life is particularly important because environmental exposures during this critical developmental period can have pronounced effects later in life," says Martine Vrijheid, ISGlobal researcher and senior author of the study.

The study is part of the Human Early Life Exposome (HELIX) project, which follows cohorts of children from Northern Europe (Bradford, UK; and Poitiers, France) and Southern Europe (Sabadell, Spain; and Heraklion, Greece).

A high-risk cluster of children

By analysing five "omics" layers- DNA methylation, microRNAs, mRNA, proteins and metabolites- the researchers identified three distinct clusters among the children. One of these groups stood out because the children not only had higher body fat but also showed more signs of metabolic complications. This high-risk cluster showed a higher expression of inflammation markers, which indicate an overactive immune system.

"Many of these inflammatory molecules can lead to insulin resistance and trigger a chronic inflammatory loop," explains first author Nikos Stratakis. "By focusing on clusters derived from multi-omics profiles, our approach provides a better understanding of the biological pathways involved in metabolic health, beyond traditional clinical markers," he adds.

Early-life environmental risk factors

The researchers also looked at environmental factors during pregnancy and found that the mother's weight before pregnancy strongly influenced whether her child fell into the high-risk group. Interestingly, the environmental exposures linked to the high-risk cluster differed depending on the region. In Northern and Western Europe, maternal exposure to the industrial chemical perfluorooctanoate (used in non-stick coatings) was a significant risk factor. In Southern / Mediterranean Europe, maternal exposure to mercury, likely from higher fish consumption, was identified as a risk factor.

"These findings help us identify modifiable risk factors that could be targeted early in life," says Vrijheid. "They also underscore the need to tailor prevention guidelines to diverse country contexts," she adds.
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Three tiny 'stellar-ghost-town' galaxies discovered | ScienceDaily
By combining data from the DESI Legacy Imaging Surveys and the Gemini South telescope, astronomers have investigated three ultra-faint dwarf galaxies that reside in a region of space isolated from the environmental influence of larger objects. The galaxies, located in the direction of NGC 300, were found to contain only very old stars, supporting the theory that events in the early Universe cut star formation short in the smallest galaxies.


						
Ultra-faint dwarf galaxies are the faintest type of galaxy in the Universe. Typically containing just a few hundred to a thousand stars -- compared with the hundreds of billions that make up the Milky Way -- these small diffuse structures usually hide inconspicuously among the many brighter residents of the sky. For this reason, astronomers have previously had the most luck finding them nearby, in the vicinity of our own Milky Way Galaxy.

But this presents a problem for understanding them; the Milky Way's gravitational forces and hot corona can strip away the dwarf galaxies' gas and interfere with their natural evolution. Additionally, further out beyond the Milky Way, ultra-faint dwarf galaxies increasingly become too diffuse and unresolvable for astronomers and traditional computer algorithms to detect.

That's why a manual, by-eye search by University of Arizona astronomer David Sand was needed to discover three faint and ultra-faint dwarf galaxies located in the direction of spiral galaxy NGC 300 and the Sculptor constellation. "It was during the pandemic," recalls Sand. "I was watching TV and scrolling through the DESI Legacy Survey viewer, focusing on areas of sky that I knew hadn't been searched before. It took a few hours of casual searching, and then boom! They just popped out."

The images uncovered by Sand were taken for the DECam Legacy Survey (DECaLS), one of three public surveys, known as the DESI Legacy Imaging Surveys [1], that jointly imaged 14,000 square degrees of sky to provide targets for the ongoing Dark Energy Spectroscopic Instrument (DESI) Survey. DECals was conducted using the 570-megapixel Department of Energy-fabricated Dark Energy Camera (DECam), mounted on the U.S. National Science Foundation (NSF) Victor M. Blanco 4-meter Telescope at Cerro Tololo Inter-American Observatory (CTIO) in Chile, a Program of NSF NOIRLab.

The Sculptor galaxies, as they are referred to in the paper, are among the first ultra-faint dwarf galaxies found in a pristine, isolated environment free from the influence of the Milky Way or other large structures. To investigate the galaxies further, Sand and his team used the Gemini South telescope, one half of the International Gemini Observatory, partly funded by the NSF and operated by NSF NOIRLab. The results from their study are presented in a paper appearing in The Astrophysical Journal Letters, as well as at a press conference at the AAS 245 meeting in National Harbor, Maryland.

Gemini South's Gemini Multi-Object Spectrograph (GMOS) captured all three galaxies in exquisite detail. An analysis of the data showed that they appear to be empty of gas and contain only very old stars, suggesting that their star formation was stifled a long time ago. This bolsters existing theories that ultra-faint dwarf galaxies are stellar 'ghost towns' where star formation was cut off in the early Universe.




This is exactly what astronomers would expect for such tiny objects. Gas is the crucial raw material required to coalesce and ignite the fusion of a new star. But ultra-faint dwarf galaxies just have too little gravity to hold onto this all-important ingredient, and it is easily lost when they are buffeted by the dynamic Universe they are part of.

But the Sculptor galaxies are far from any larger galaxies, meaning their gas could not have been removed by giant neighbors. An alternative explanation is an event called the Epoch of Reionization -- a period not long after the Big Bang when high-energy ultraviolet photons filled the cosmos, potentially boiling away the gas in the smallest galaxies. Another possibility is that some of the earliest stars in the dwarf galaxies underwent energetic supernova explosions, emitting ejecta at up to 35 million kilometers per hour (about 20 million miles per hour) and pushing the gas out of their own hosts from within.

If reionization is responsible, these galaxies would open a window into studying the very early Universe. "We don't know how strong or uniform this reionization effect is," explains Sand. "It could be that reionization is patchy, not occurring everywhere all at once. We've found three of these galaxies, but that isn't enough. It would be nice if we had hundreds of them. If we knew what fraction was affected by reionization, that would tell us something about the early Universe that is very difficult to probe otherwise."

"The Epoch of Reionization potentially connects the current day structure of all galaxies with the earliest formation of structure on a cosmological scale," says Martin Still, NSF program director for the International Gemini Observatory. "The DESI Legacy Surveys and detailed follow-up observations by Gemini allow scientists to perform forensic archeology to understand the nature of the Universe and how it evolved to its current state."

To speed up the search for more ultra-faint dwarf galaxies, Sand and his team are using the Sculptor galaxies to train an artificial intelligence system called a neural network to identify more. The hope is that this tool will be able to automate and accelerate discoveries, offering a much vaster dataset from which astronomers can draw stronger conclusions.

Notes

[1] The DESI Legacy Imaging Surveys data are served to the astronomical community via the Astro Data Lab at NSF NOIRLab's Community Science and Data Center (CSDC).
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Engineers develop breakthrough method for aluminum surfaces, enabling advancements in cooling, self-cleaning and anti-icing technologies | ScienceDaily
An international team of engineers has developed an innovative, scalable method for creating topography-patterned aluminum surfaces, enhancing liquid transport properties critical for applications in electronics cooling, self-cleaning technologies and anti-icing systems. The research, published recently in Langmuir and conducted by groups at Rice University and the University of Edinburgh as part of the Rice-Edinburgh Strategic Collaboration Awards program, demonstrates how cost-effective vinyl masking techniques can produce surfaces with high-resolution wettability contrast, paving the way for improved phase-change heat transfer applications.


						
The research team developed a novel technique using blade-cut vinyl masking and commercially available lacquer resin combined with scalable physical and chemical surface treatments to create patterned aluminum surfaces. These surfaces exhibit distinct wettability contrasts, significantly improving the droplet shedding during condensation. The patterns, with feature sizes as small as 1.5 mm, offer a range of wettability behaviors -- from superhydrophobic to hydrophilic -- depending on the treatment.

"This method represents an important step in tailored surface engineering," said Daniel J. Preston, assistant professor of mechanical engineering at Rice and a co-corresponding author of the paper along with Geoff Wehmeyer, assistant professor of mechanical engineering at Rice, and Daniel Orejon from the University of Edinburgh. "By enabling precise control over surface wettability and thermal properties, we are opening new doors for scalable manufacturing of advanced heat transfer surfaces."

The research employed a multistep methodology to develop and analyze the patterned aluminum surfaces. Vinyl masks were first applied to polished aluminum substrates, followed by a two-step etching process that created micro- and nanotextured zones. The team then used advanced imaging techniques to characterize the patterns' resolution and wettability properties. To evaluate performance, condensation visualization experiments demonstrated enhanced droplet shedding on the patterned surfaces compared to homogeneous ones. Additionally, thermal emissivity mapping using infrared thermography revealed significant contrasts in emissivity between smooth and textured regions, highlighting the surfaces' potential for advanced thermal management applications.

"Aluminum is widely used in thermal management devices like heat exchangers due to its high conductivity, low density and low cost," said Wehmeyer. "Our method adds a new dimension to its functionality by integrating surface patterning that is both cost-effective and scalable, allowing engineers to fine-tune the condensation heat transfer. This work brought together expertise from Edinburgh and Rice to develop and characterize these advanced surfaces."

The findings have significant implications for industries that depend on phase-change heat transfer with applications in everyday technologies. In electronics cooling, enhanced droplet shedding reduces thermal resistances associated with large droplets during condensation, which could enable new cooling strategies for data center servers or other electronic devices that rely on effective heat dissipation to prevent overheating. Tailored thermal emissivity patterns optimize heat dissipation in high-temperature environments, benefiting systems such as automotive engines and aerospace components. Additionally, superhydrophobic regions expedite water removal, preventing ice formation on critical surfaces like airplane wings, wind turbines and power lines during freezing conditions. These advancements offer practical solutions to enhance the performance and reliability of technologies people use and depend on every day.

"Traditional methods like photolithography are typically expensive and limited to small areas," Preston said. "Our technique uses affordable, accessible materials to create intricate patterns on larger surfaces, making it suitable for industrial applications and a promising technique for designing next-generation condensers and heat exchangers."

The lead authors on the work are Trevor Shimokusu (Rice mechanical engineering doctoral graduate, now a faculty member at the University of Hawaii) and Hemish Thakkar (Rice graduate with a double major in chemistry and mechanical engineering, now a doctoral student at Princeton University).

This work was supported by the Rice-Edinburgh Strategic Collaboration Award program, a NASA Space Technology Graduate Research Opportunities award and grants from the National Science Foundation.
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The hunt narrows for ebolavirus hosts | ScienceDaily
Bats are widely recognized as the primary hosts of filoviruses, such as Ebola, yet the specific host species of ebolaviruses are not definitively known. In a study led by the University of California, Davis, and the Albert Einstein College of Medicine (Einstein), scientists have developed a new tool to narrow down potential host species of filoviruses and better prioritize wildlife surveillance. The research is part of global efforts to prevent viral spillover between animals and humans.


						
The study, published today in the journal Cell Host & Microbe, sheds light on the molecular rules that govern how filoviruses recognize their receptor and helps pinpoint unknown hosts of these viruses.

"The fundamental question is, where is the next ebolavirus outbreak going to come from?" said co-leading author Simon Anthony, an associate professor with the UC Davis School of Veterinary Medicine. "If we don't know what the wildlife host is, we can't know how, where or when that will be."

The biggest filovirus outbreak, caused by Ebola virus, occurred in three West African countries from 2014 to 2016. It killed more than 11,000 people and infected more than 28,000. More recently, a filovirus outbreak caused by Marburg virus began last September in Rwanda, resulting in at least 15 deaths and 66 cases.

Unlocking the cell

The study is the most comprehensive investigation of filovirus receptor binding in bats to date. To enter a human cell, an ebolavirus glycoprotein has to attach -- or bind -- to a cell receptor.

In 2011, co-leading author Kartik Chandran, professor of microbiology and immunology at Einstein, helped discover the cholesterol-trafficking protein Niemann-Pick C1 (NPC1) as this critical Ebola entry receptor.




"Remarkably, all filoviruses isolated to date require NPC1 as a receptor," said Chandran.

For this study, the authors conducted large-scale binding assays to evaluate how well the glycoprotein from different filoviruses interact with bat NPC1 proteins. They also used machine learning to decipher the genetic code underpinning receptor binding for these viruses.

The researchers then focused on bat species whose NPC1 proteins bind strongly to the Ebola virus glycoprotein and live in regions where previous Ebola outbreaks have occurred. This helps narrow down which bat species have a high potential to host the virus.

"To me, this is putting together two beautiful pieces of the puzzle that are seemingly unrelated -- geographic information and molecular data -- all to solve the question of, will these bats be able to host the virus or not?" said co-leading author Gorka Lasso, a research assistant professor at Einstein.

Guiding future surveillance

This work can guide future surveillance efforts to identify the host reservoir of Ebola virus and other related viruses. As new ebolaviruses and variants are discovered, scientists can also use this method to assess their potential for infecting humans.




"Hopefully this will light the path forward, not just for filoviruses but for other viruses, as well," said Gorka.

The research was inspired in part by a 2015 study by Chandran that revealed that African straw-colored fruit bats were seemingly resistant to Ebola virus infection. The Ebola virus binded poorly to straw-colored fruit bats' NPC1 receptor.

"That really struck me," said Anthony, who helped discover the sixth known ebolavirus strain, Bombali virus. "It became clear that there are some species that cannot be the host because they cannot be infected. Having information about which species are and are not more likely to be the host reservoir is information we should have."

This study was funded through U.S. Agency for International Development, National Institutes of Health, and National Science Foundation's Predictive Intelligence for Pandemic Prevention.
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Songbirds socialize on the wing during migration | ScienceDaily
The night sky teems with migrating songbirds, aloft in their millions following routes etched in evolutionary time. But those flight paths may not be entirely innate, according to new research led by the University of Illinois Urbana-Champaign. Evidence from over 18,300 hours of recorded flight calls suggests songbirds may "talk" to other species as they migrate, forming social connections and -- just maybe -- exchanging information about the journey.


						
"We can't be sure what they're saying, but birds might broadcast calls during flight to signal their species, age, and sex. And we can certainly speculate that these flight calls could relate to navigation or finding suitable stopover habitat," said lead study author Benjamin Van Doren, assistant professor in the Department of Natural Resources and Environmental Sciences, part of the College of Agricultural, Consumer and Environmental Sciences at Illinois. Van Doren began this research at the Cornell Lab of Ornithology.

Work from last year by the study's co-authors at the University of Maryland Center for Environmental Science, Appalachian Laboratory suggested birds "buddy up" with other species at stopover sites during migration, but there was no evidence until now that different songbird species pair up or communicate vocally on the wing. Although Van Doren believes innate patterning and memory are still important drivers of migration behaviors, he says it's time to rethink songbird migration through a social lens.

"In recent years, there has been an increasing recognition of the importance of social information in bird migration, but scientists have mainly documented this in species that travel during the day or in family groups," he said. "The social environment also seems to be important in species like hawks and storks that form huge aggregations during their daytime migrations. Young birds learn behaviors from observing other birds and how they navigate -- and not necessarily from family."

But those visual cues go dark at night, when most songbirds travel. That's what led Van Doren to wonder about other social cues. Fortunately, he had access to acoustic recordings of autumn nocturnal bird migrations from 26 sites over three years in eastern North America.

"These nocturnal acoustic recordings are really the only window onto this unseen but absolutely massive flow of birds -- hundreds of millions aloft over the U.S. on any given night during migration," Van Doren said. "It's something people aren't usually aware of because it happens when we're sleeping."

The 18,300-hour acoustic record would have been a processing and analytical nightmare before AI. Now, a machine learning tool allowed Van Doren's team to quickly detect the signature flight calls of 27 species, including 25 well-sampled songbirds.




After identifying species, the team measured how often certain calls co-occurred in time, testing intervals of 15, 30, and 60 seconds. Regardless of the time interval, they found stronger associations between species than expected by chance alone.

Looking to explain these associations, the found species' wing lengths and the similarity of their calls were the most important factors. In contrast, birds that "buddy up" during stopovers weren't maintaining those relationships in the air, and they weren't necessarily flying with closely related species or birds that shared their preferences for specific habitats.

"Species with similar wing sizes were more likely to associate, and wing length is directly linked to flight speed. If you imagine two species flying at similar speeds because they have similar wings, then it's much easier for them to stick together," Van Doren said. "As for vocalizations, it is possible that species' calls have converged over time because of this social link or that species that happen to give similar calls are simply more likely to gravitate towards each other."

Van Doren notes that 25 is a small subset of the songbird species migrating at night, some of which don't vocalize at all during flight. He and his team plan to follow up with more research, including attaching tiny microphones to individual birds and tracking their "conversations" with flight partners throughout their migrations.

Still, these preliminary results raise many intriguing, if speculative, notions. For example, short-lived songbird species who can't rely on their parents to show them the way may instead rely on social ties with others to make the trek. Also, the precipitous loss of bird biodiversity with climate change and habitat loss may jeopardize partner species that co-migrate.

"This study really calls into question the long-held idea that songbirds migrate alone, solely following their own instincts," Van Doren said. "Learning more about the consequences of these social connections -- not only for migration, but also for other aspects of their biology -- will be important to inform and manage the risks they face in a changing world."
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Nord Stream methane spread across the southern Baltic Sea | ScienceDaily
Methane from the destroyed Nord Stream pipelines spread over a large part of the southern Baltic Sea and remained for several months. This is according to a new study by researchers from the University of Gothenburg and the Voice of the Ocean research foundation.


						
Much of the methane gas from the Nord Stream leak rose directly to the sea surface and into the atmosphere. But some methane remained below the surface and was dispersed by ocean currents.

"The results of our measurements show that methane spread to large parts of the southern Baltic Sea, from the coast of Danish Zealand in the west, to the Polish Gulf of Gdansk in the east," says Martin Mohrmann, a researcher at Voice of the Ocean, VOTO.

High-resolution measurements

The Voice of the Ocean Foundation deployed an underwater robot, known as a glider, just outside the exclusion zone around the leaks. This instrument allowed the researchers to measure methane concentrations over a large area, all the way from the surface to the depths. In addition, they continued to measure using the glider for three months after the spill. In the end, they had collected the most high-resolution measurements from the immediate area around the leaks, giving great confidence in their research results.

"To get the most robust estimations, we combined observations from the gliders with surface observations collected by our colleagues at the German research institute IOW from a ferry. It was gratifying to see how well it matched the results from University of Gothenburg's research vessel's expedition to the Nord Stream leak area too. All this together makes us feel confident that we have a really good picture of how the methane spread in the Baltic Sea, both across time and space," says Bastien Queste, oceanographer at the University of Gothenburg.

1,000 times higher

In the initial period following the pipeline explosion at the end of September 2022, methane levels in the waters were sometimes 1,000 times above normal. In some areas, abnormal concentrations of methane were measured several months after the release, before it was diluted, consumed by bacteria or escaped to the atmosphere.




"Our gliders, together with ocean modelling for the southern Baltic Sea, have given us a good picture of the areas affected by the spill. In total, we estimate that over 14 per cent of the entire Baltic Sea was exposed to methane levels that were at least five times above normal," says Martin Mohrmann.

Marine protected areas affected

The results of the study are published in Nature Communications, along with two other studies that have mapped the impact of the Nord Stream emission on the atmosphere. The researchers from VOTO and the University of Gothenburg have used their measurements to create a robust model of how the methane was dispersed in the water. The ocean currents transported the methane to 23 marine protected areas.

"We now know the areas where the methane emission may have had an impact. It will be easier to determine whether a future problem in the Baltic Sea ecosystems, for example, is related to the Nord Stream leak or not," says Bastien Queste.
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'Perfect storm' of mutations drives infection-triggered autoimmune disease | ScienceDaily
Scientists at the Garvan Institute of Medical Research have discovered how a viral infection causes autoimmune disease, disproving a long-standing theory and opening a promising new approach to developing treatments for autoimmune conditions.


						
The research, published today in the journal Immunity, focuses on hepatitis C virus (HCV) -- which affects an estimated 58 million people worldwide -- and its role in triggering a serious autoimmune disease called cryoglobulinemic vasculitis in up to 15% of cases, where antibodies attack blood vessels and can damage organs throughout the body.

Until now, scientists believed this autoimmune response occurred because viral proteins mimicked the body's own proteins, confusing the immune system into attacking both. The Garvan team revealed that this is not the case -- rather, the critical trigger is mutations in 'rogue clone' B cells.

"This discovery fundamentally changes our understanding of how infections can cause autoimmune conditions," says Professor Chris Goodnow, Head of the Immunogenomics Lab at Garvan and the study's co-senior author. "By pinpointing these rogue clones, we can better understand how to target them, which is a potentially transformative approach to treating autoimmune disease in patients."

Viral infection leads to a 'perfect storm' of mutations

Using sophisticated single-cell analysis techniques and whole genome sequencing, the researchers analysed the immune cells in the blood of four patients with HCV-triggered cryoglobulinemic vasculitis. They identified the specific rogue clone B cells that were present in large numbers and produced harmful autoantibodies.

"The long-standing theory is that B cells trained to recognise the foreign virus become confused and target the body instead -- a phenomenon referred to as molecular mimicry. What our study showed was that during a chronic hepatitis C infection, antibodies on the virus surface form an antibody cluster that persistently stimulates the B cells to mutate," explains lead author Dr Clara Young. "This continual mutation, we found, eventually leads to development of the rogue clones that cause cryoglobulinemic vasculitis."

"Our research shows that three types of genetic mutations are required for the autoimmune disease to develop," adds Dr Dan Suan, co-senior author and Clinical Director of the Hope Research Program at Garvan. "Two of these mutations occur normally in B cells, but the presence of chronic viral particles that can't be cleared creates ongoing stimulation. The third mutation, linked to the development of blood cancers, occurs by chance over time. This perfect storm of mutations allows the cells to accumulate in large enough numbers to cause the autoimmune disease."




New pathways for autoimmune disease treatments

"This research opens up new possibilities for predicting and preventing autoimmune complications," says Professor Goodnow. "By understanding this structural mechanism, we can potentially develop targeted therapies that prevent these antibody formations from triggering autoimmune responses."

"While we've focused on HCV, these findings have broader implications for predicting and preventing autoimmune complications," says Dr Young. The insights are relevant to other infection-associated autoimmune conditions, such as Guillain-Barre syndrome and multiple sclerosis, which are also linked to other bacterial and viral infections.

"Mutations occur in B cells as part of their normal development, and understanding how they can drive autoimmunity is a significant step forward in our mission to eliminate the root cause of autoimmune disease rather than just managing symptoms," says Dr Suan.

This work was supported by the Bill and Patricia Ritchie Foundation, Croall Foundation, John Brown Cook Foundation and Miss Lyn Unsworth.

Chris Goodnow is The Bill and Patricia Ritchie Foundation Chair at the Garvan Institute and a Professor of the Cellular Genomics Futures Institute and School of Biomedical Sciences, UNSW Sydney.

Dr Dan Suan is a Senior Research Fellow and the Clinical Director of the Hope Research Program at the Garvan Institute.

Dr Clara Young is a Research Fellow at the Garvan Institute and Conjoint Lecturer at St Vincent's Clinical School, Faculty of Medicine and Health, UNSW Sydney.
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Sensor tech and water filtration: Graphene made permeable for ions | ScienceDaily
Graphene is an extremely thin, flexible and resistant material made of pure carbon. It forms layers that consist of virtually a single layer of carbon atoms. To make graphene as thick as a human hair, thousands of such layers would have to be stacked on top of each other.


						
Many researchers are working intensively on graphene. There is a good reason for this, as the special properties of the material promise new applications, for example in electronics or energy technology.

Making Graphene Permeable to Other Molecules

It is particularly interesting for scientists to be able to control the permeability of graphene for different substances: 'So-called defects can be created in the carbon lattice of graphene. These can be thought of as small holes that make the lattice permeable to gases,' says chemistry professor Frank Wurthner from Julius-Maximilians-Universitat (JMU) Wurzburg in Bavaria, Germany.

Permeability to other substances, such as ions like fluoride, chloride or bromide, has not yet been observed. 'However, this would be of fundamental scientific interest for applications such as the desalination of water, the detection or purification of mixtures of substances,' explains the Wurzburg professor.

Defect Allows Ions to Pass Through: Publication in Nature

For the first time, a team led by Frank Wurthner has now created a model system with a defect that allows the halides fluoride, chloride and bromide to pass through, but not iodide. This was achieved in a stable double layer consisting of two nanographenes that encloses a cavity. The penetrated halide ions are bound in this cavity so that the time required for entry could be measured. The results have been published in the journal Nature.




Chloride is a component of common salt, is found in seawater and plays an important role in life processes in all organisms. 'The proof of a high permeability for chloride by single-layer nanographene and a selective binding of halides in a double-layer nanographene brings some applications closer,' says Dr Kazutaka Shoyama, who initiated and led the project together with Frank Wurthner. Such applications include water filtration membranes, artificial receptors and chloride channels.

Larger Stacks of Nanographenes are the Next Goal

In the next step, the Wurzburg chemists want to build larger stacks of their nanographenes. They want to use them to investigate the flow of ions -- and thus a process that also takes place in a similar form in biological ion channels.

This research was carried out at the Institute of Organic Chemistry and the Center for Nanosystems Chemistry at JMU. The work was funded by the German Research Foundation (DFG) as part of two grants for the development of nanographenes equipped with imide groups.
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Detecting hidden genetic relationships in animal populations | ScienceDaily
Understanding biological relationships is often critical when studying animal populations. Researchers from the Max Planck Institute for Evolutionary Anthropology, Leipzig University, the German Centre for Integrative Biodiversity Research and the Freie Universitat Berlin have now developed a transformative approach that identifies stretches of DNA that two individuals inherited from a common ancestor. The team successfully applied their new tool to a free-ranging population of rhesus macaques. The results show that even for low-quality sequencing data, this method can accurately determine relatedness among pairs of individuals, even without prior knowledge of pedigrees within the population. This breakthrough helps to reveal previously unknown pairs of relatives and provides rich insights into population structure in the wild.


						
Quantifying which individuals share genetic material from common ancestors plays a central role in several scientific disciplines, particularly animal behaviour, conservation biology, and genetic evolution. While scientists initially relied on family trees (or pedigrees) to delineate these pairwise relationships, their inherent limitations prompted the search for more accurate techniques.

Recent technological advances have greatly accelerated this journey. Genetic testing and analysis of genetic markers called single nucleotide polymorphisms (SNPs), which represent individual variations in DNA sequence data, can help researchers directly infer biological relatedness.

A powerful new genetic tool identifies pairs of relatives

An international team of researchers has now developed a bioinformatics pipeline that breaks new ground in estimating genetic relatedness in animal populations. The software analyzes whole-genome sequencing data and works accurately even with very low-quality data. "Our computational tool has opened the door to a more refined understanding of genetic relationships in ecology and evolution. It accurately identifies identical DNA fragments in pairs of individuals that were inherited from a common ancestor. These so-called idendity-by-descent or IBD segments are an exceptionally powerful signal for detecting and quantifying biological relatedness that was previously only accessible in high-quality human data. Now we can do it in animal genomes, too," says one of the senior authors, Harald Ringbauer of the Max Planck Institute for Evolutionary Anthropology.

Variation in actual relatedness in a macaque population

In developing and evaluating this tool, the team ran computational experiments on a free-ranging rhesus macaque population from Cayo Santiago, Puerto Rico. The new tool provided superior insights compared to previous methods: while conventional methods estimate relatedness in categories, this method is able to precisely represent the continuous nature of relatedness. In addition, the team detected a higher level of shared genetic inheritance than expected, suggesting the presence of previously undetected relatives within the population. "Through its application in a free-ranging primate population, our IBD method has proven its potential by providing more detailed insights into relatedness structures than traditional pedigrees or older genetic estimates," says first author Annika Freudiger from Leipzig University and the Max Planck Institute for Evolutionary Anthropology.




In addition, the researchers found discrepancies where actual genetic inheritance exceeded predicted levels based on pedigrees. These discrepancies indicate an underestimation of shared ancestry due to incomplete knowledge of familial relationships through the pedigree. They also identified a significant difference in genetic recombination rates between the sexes, which could reveal the sex of unknown ancestors and thus indicate whether pairs of individuals are related through the maternal or paternal line.

Cayo Santiago: collecting data since 1956

The research was conducted on Cayo Santiago, a small island off the coast of Puerto Rico managed by the Caribbean Primate Research Center. Consistent collection of demographic and genetic data since 1956 allowed the researchers to test this new method in a free-ranging population with extensive pedigree data available over several decades. This has provided new insights into this study population. Despite the prolonged genetic isolation of the rhesus macaque population, the levels of inbreeding are surprisingly low, likely due to sex-biased dispersal and/or effective kin recognition.

"With this innovative tool, we're able to accurately measure the continuous distribution of relatedness in animal populations, even from relatively low-quality sequencing data. This could lead to a significant change in our understanding of ecological and evolutionary patterns in social animals," concludes senior author Anja Widdig from Leipzig University and the Max Planck Institute for Evolutionary Anthropology. This research underscores the potential of using advanced methodologies to further our understanding of biological relatedness across species and populations. This will lead to new insights into previously largely ambiguous family structures and preferential behaviours.
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Bird flu is mutating, but antivirals still work | ScienceDaily
One of the earliest strains of bird flu isolated from a human in Texas shows a unique constellation of mutations that enable it to more easily replicate in human cells and cause more severe disease in mice compared to a strain found in dairy cattle, researchers from Texas Biomedical Research Institute (Texas Biomed) report in Emerging Microbes & Infections.


						
The finding highlights a key concern about the H5N1 strains of bird flu currently circulating in the U.S.: the speed at which the virus can mutate when introduced to a new host.

Naturally found in wild birds and lethal in chickens, H5N1 has spread to a wide variety of mammals and began infecting dairy cows for the first time in spring 2024. As of early 2025, the outbreak had spread through herds across multiple states in the U.S. and infected dozens of people, mostly farm workers. So far, most people infected experience mild illness and eye inflammation and the virus is not spreading between people. The first H5N1 death in the U.S. was reported in January 2025 following exposure to infected chickens.

"The clock is ticking for the virus to evolve to more easily infect and potentially transmit from human to human, which would be a concern," said Texas Biomed Professor Luis Martinez-Sobrido, Ph.D., whose lab specializes in influenza viruses and has been studying H5N1 since the outbreak began last year. The team has developed specialized tools and animal models to test prophylactic vaccines and therapeutic antivirals.

Human vs. bovine

In the recent study, they compared H5N1 strains isolated from a human patient and from dairy cattle in Texas.

"There are nine mutations in the human strain that were not present in the bovine strain, which suggests they occurred after human infection," Dr. Martinez-Sobrido said.




In mouse studies, they found that compared to the bovine strain, the human strain replicated more efficiently, caused more severe disease and was found in much higher quantities in brain tissue. They also tested several FDA-approved antiviral medications to see if they were effective against both virus strains in cells.

"Fortunately, the mutations did not affect the susceptibility to FDA-approved antivirals," said Staff Scientist Ahmed Mostafa Elsayed, Ph.D., first author of the study.

Antivirals will be a key line of defense should a pandemic occur before vaccines are widely available, Dr. Martinez-Sobrido said. This is especially true since humans have no preexisting immunity against H5N1 and seasonal flu vaccines appear to offer very limited protection, according to a separate study conducted in collaboration with Aitor Nogales, Ph.D., at the Center for Animal Health Research in Spain.

Next steps and recommendations

Texas Biomed is now exploring the human H5N1 mutations individually to determine which are responsible for increased pathogenicity and virulence. The team wants to figure out what allows H5N1 to infect such a wide range of mammal species; why H5N1 causes mild disease in cows but is lethal in cats; and why infections via cows are less harmful to people than infections from chickens.

In a third paper, Dr. Elsayed and collaborators analyzed the history of H5N1 in dairy cattle for the journal mBio and called for a One Health approach to protect both animals and people.

"A key priority will be to eradicate bird flu from dairy cows to minimize risk of mutations and transmission to people and other species," Dr. Elsayed said. "Steps that can be taken now include thorough decontamination of milking equipment and more stringent quarantine requirements, which will help eliminate the virus more quickly in cows."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250115125058.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Researchers identify three psychological profiles that could determine the evolution of mental, cognitive and brain health in aging | ScienceDaily

According to the research team, the results highlight "the need for comprehensive psychological assessments of patients to identify different psychological profiles and thus enable more specific and individually tailored behaviour change strategies to be implemented."

The study is led by David Bartres-Faz, a researcher at the Faculty of Medicine and Health Sciences and the Institute of Neurosciences (UBneuro) of the University of Barcelona. He is also a member of the August Pi i Sunyer Biomedical Research Institute (IDIBAPS) and principal researcher at the Institut Guttmann Barcelona Brain Health Initiative (BBHI), which aims to find and understand how to maintain the brain's health.

Risk and protective factors for cognitive decline

Recent studies identified psychological characteristics that may be associated with increased risk or protection against cognitive decline, neurodegeneration and clinical dementia. For example, having repetitive negative thoughts, a tendency to experience distress and perceived stress are associated with more risk, while having a sense of purpose in life or self-reflection would be protective factors against such decline.

In this study, conducted on data from more than 1,000 volunteers of the BBHI and the Medit-Ageing international study, the research team examined whether these factors -- protective and risk factors -- combine in similar psychological profiles in two independent cohorts of middle-aged adults and older people without cognitive impairment.

Bartres-Faz stresses that "to date, psychological risk and protective factors have been examined almost exclusively independently: this approach is limiting, as psychological characteristics do not exist in isolation."

The team then analysed how belonging to each of these profiles is related to indicators of mental health, cognition, lifestyle and brain integrity -- measured by cortical thickness -- as well as cognitive evolution and brain atrophy over time. "The aim was to elucidate how various combinations of psychological characteristics are related to mental, cognitive and brain health," notes the UB and Gutmann Institut researcher.




Mental and cognitive health implications

The results show that having a "well-balanced" psychological profile, with moderately high protective factors and moderately low-risk factors, is associated with better cognitive and mental health in all indicators measured. "These associations were observed in all age groups studied, which reinforces the relevance of considering the balance of a wide range of psychological aspects as determinants of mental, cognitive and brain health in adulthood and older age," says Bartres-Faz.

On the other hand, a psychological profile with low levels of protective characteristics -- such as a sense of purpose, extraversion or openness to new experiences -- was associated with poorer cognition (especially in older people), more pronounced brain atrophy (already observable in middle-aged adults) and lower adherence to healthy lifestyles.

Finally, the third profile identified, characterized by high levels of negative or risky psychological traits, such as a high propensity for distress and negative thoughts, "may increase the risk of cognitive impairment and dementia through a psycho-affective pathway, including the expression of symptoms such as depression, anxiety, cognitive complaints, loneliness and sleep disorders," says the researcher.

Future prevention interventions

Once validated in larger-sample studies, these results could have important implications for the development of future preventive interventions designed to modify psychological factors and lifestyles. "For instance, people with traits compatible with the psychological profile with low levels of protective factors may benefit more from psychological therapies that include the identification or re-identification of valued behaviours and life purposes, such as acceptance and commitment therapy," Bartres-Faz notes.

However, "people who meet the criteria of the third profile identified may have a better response to therapies aimed at reducing distress-related symptoms, which have also recently been shown to have potential benefit," the researcher states. The expert stresses the importance of conducting "comprehensive psychological assessments, including analysis of both risk and protective factors, in order to more accurately estimate each person's risk profile."
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Critical ocean current has not declined in the last 60 years | ScienceDaily
Earth, being 71 percent covered in water, is influenced by the ocean and its movements. In the Atlantic Ocean, a system of connected currents, called the Atlantic Meridional Overturning Circulation (AMOC), moves water throughout the world's oceans powered by a combination of winds and ocean density. It not only distributes the ocean's heat, moisture, and nutrients, but regulates the Earth's climate and weather.


						
As the climate is continuously changing and the atmosphere is warming, many scientists fear that fresh water from melting polar ice sheets could significantly disrupt -- or collapse -- the AMOC. While a decline of the AMOC would have grave consequences, a collapse would be truly catastrophic. However, studies about the AMOC's long term future are uncertain. Instead of predicting the future, a team of scientists from Woods Hole Oceanographic Institution (WHOI) quantified the past to help inform where we could be going.

In a new paper published in Nature Communications, scientists found that the AMOC has not declined in the last 60 years. Authors Nicholas P. Foukal, adjunct scientist in Physical Oceanography at WHOI and assistant professor at the University of Georgia; Jens Terhaar, affiliated scientist at WHOI and senior scientist at the University of Bern; and Linus Vogt, visiting student at WHOI when he started to work on this study and now scientist at LOCEAN, Sorbonne Universite, say their results mean that the AMOC is currently more stable than expected.

"Our paper says that the Atlantic overturning has not declined yet," Foukal said, who conducted the research while at WHOI. "That doesn't say anything about its future, but it doesn't appear the anticipated changes have occurred yet."

Their findings contrast with previous work, notably a paper from 2018 cited in their study, which reported that the AMOC has declined over the last 70 years. This past work relied on sea surface temperature measurements to understand how the AMOC has changed, but "we've learned that sea surface temperature doesn't work as well as initially thought," said Terhaar, who began leading this study at WHOI as a postdoctoral scientist and completed the work in Bern.

To address the uncertainty, Terhaar and the team relied on new data from the Coupled Model Intercomparison Project (CMIP), climate-earth models produced by the World Climate Research Program. They used 24 different CMIP models and found that the most recently available surface temperature data did not accurately reconstruct the AMOC. To go a step further, the researchers looked at a different measure: air-sea heat fluxes, which is the exchange of heat from the ocean to the atmosphere. When the AMOC is stronger, more heat is released from the ocean to the atmosphere over the North Atlantic.

The authors derived this AMOC proxy with the CMIP models, then applied it to observational data. The best data for surface heat fluxes over the North Atlantic come from reanalysis products that incorporate direct observations into a model, similar to the way weather forecasts work. The study authors focused on two reanalysis data sets that extend back to the late 1950s to reconstruct the AMOC.




"Based on the results, the AMOC is more stable than we thought," Vogt said. "This might mean that the AMOC isn't as close to a tipping point as previously suggested."

The paper states that air-sea heat flux anomalies in the North Atlantic are tightly linked to the AMOC and that "the decadal averaged AMOC has not weakened from 1963 to 2017." Since there are many processes that lead to large year-to-year variability in the AMOC, the air-sea heat flux and the AMOC are correlated strongest at those timescales, as opposed to annual averages.

"It's almost unanimous at this point that the Atlantic overturning will slow in the future, but whether or not it will collapse is still up for debate," Foukal said. "This work indicates that there is still time to act before we reach this potential tipping point."

As with all proxy-based reconstructions, there are limitations and caveats. The authors point out that direct measurements of air-sea heat flux going back in time are sparse, and thus the reanalysis products contain significant uncertainty. However, despite these limitations, "a decline in AMOC over the last 60 years," Terhaar concludes "seems very unlikely."

Key Takeaways:
    	The Atlantic Meridional Overturning Circulation (AMOC) has not slowed down since the mid-20th century based on the North Atlantic air-sea heat fluxes over that time.
    	This finding contrasts with studies that have estimated a decline in the AMOC, likely because previous studies rely on sea surface temperature measurements to understand how the AMOC has changed. However, sea surface temperature is not a reliable way to reconstruct the AMOC, according to the authors.
    	Although the AMOC has not declined yet, scientists agree that the Atlantic overturning will slow in the future -- but whether the system can collapse entirely and when this collapse would happen is still up for debate. Such a scenario would have catastrophic consequences globally.
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Calls to curb invasive species spread via untreated water transfer | ScienceDaily
Experts are warning of the risks of spreading invasive and non-native species when moving large volumes of untreated lake, reservoir and river water.


						
Development of cities and the demands of agriculture mean that huge volumes of untreated water from lakes, reservoirs and rivers are now routinely moved large distances, across countries, up to hundreds of miles, using pipelines, tunnels and water supply canals. Known as raw water transfers schemes, these projects are essential for human uses but risk moving not just water but also wildlife, spreading invasive and non-native species, such as zander fish and zebra mussels.

In a series of new papers, researchers from Newcastle University and the University of Stirling are now warning that invasive species can be moved between often unlinked waterbodies by the intentional transfer of water and call for action.

Publishing their findings in the journal Management of Biological Invasions, the experts highlight the need to add raw water transfers (RWTs) into co-ordinated surveillance and management plans to meet national and international targets on tackling invasive and non-native species, and recommend exploring options to improve RWT information access and stakeholder collaboration within the INNS management community.

They also call for increased awareness of the risks associated with RWTs and the spread of invasive and non-native species and say these actions will deliver additional benefits to support the conservation of freshwater biodiversity in a rapidly changing world.

How RWTs are managed varies between countries, but they are typically managed by private water companies, or local and central government. In England, the majority of RWTs are owned and managed by water companies. The Environment Agency (EA) also controls a number of RWTs.

The research team cites data showing 110 surface water transfers in England and Wales which can transfer between 45-150 million litres per day, around 43 of which cross one or more catchment boundary (39%).




Top biodiversity threat

Study lead author, Ava Waine, PhD researcher at Newcastle University's School of Natural and Environmental Sciences, said: "Invasive species are one of the top threats to biodiversity and the economy globally. Raw water transfers move invasive species around between different environments, but researchers in the invasion ecology field are only now becoming mindful of the extent of their impact, and industry and regulators aren't yet fully aware of the invasion risk or how to manage it.

"Recently, England, followed a few years later by Scotland, became the first country in the world to require that raw water transfers be managed to prevent invasive species spread.

"I have been working with Northumbrian Water to address the issues. The results highlight that raw water transfers are a virtually unknown mode of species spread, and some changes to national and international biodiversity policy is required so that researchers around the globe become more aware of the issue, and we have a better chance of solving the problem."

Study co-author, Dr Zarah Pattison, Senior Lecturer in Plant Sciences, University of Stirling, added: "This is a call to action. We need to take the risk of invasive and non-native species spread through raw water transfers seriously and invest in research to determine the severity of this risk for all taxonomic groups of species."

This research builds on a recently published study by the same team, in which the experts describe how RWTs are creating a pathway for the spread of freshwater invasive non-native species in countries worldwide. In the study, the team suggests modifying the corridor category in the Convention on Biological Diversity's pathway classification framework to include RWTs as a distinct sub-category. The authors argue this reclassification would improve understanding of RWTs, help manage their risks, and guide policy development to better address the spread of invasive and non-native species.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250115125044.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Small-scale fisheries essential to global nutrition, livelihoods | ScienceDaily
Small-scale fisheries play a significant but overlooked role in global fisheries production and are key to addressing hunger and malnutrition while supporting livelihoods around the world, according to research featured in the journal Nature. Published online on Jan. 15 by an international team of scientists, the study is the first to rigorously quantify how marine and inland small-scale fisheries contribute to aquatic harvests and nutritional and socioeconomic security on a global scale.


						
Although definitions vary, small-scale fisheries generally comprise households or communities, mostly in lower- to middle-income countries, that use lower-tech, more labor-intensive fishing techniques to fish for food or to earn money compared to large-scale fisheries. Historically, decision-makers have marginalized small-scale fisheries in resource management plans, food system analyses, and agricultural, nutritional and development policies, for various reasons. For example, census data usually groups small-scale fishers with agricultural workers.

"Millions of people who fish marine and inland waters have essentially been flying under the radar of science and policy. Ignoring their contributions and needs could be detrimental -- not just to fisherfolk, but to the environment and society as a whole," said co-lead author Xavier Basurto, who was the Bass Chair for Excellence in Teaching and Research at the Duke University Nicholas School of the Environment during the time of research.

"Our analysis shows that small-scale fisheries contribute almost half the catch across all fisheries. They have a critical role to play in meeting the food security and nutritional needs of billions of people," added co-lead author Nicolas L. Gutierrez, senior fishery officer for the Fisheries and Aquaculture Division of the Food and Agriculture Organization of the United Nations (FAO).

In 2017, FAO forged a unique partnership with the Nicholas School and the international research organization WorldFish to assess how small-scale fisheries fit into the U.N.'s Agenda for Sustainable Development, a blueprint for addressing global challenges such as hunger, poverty and gender inequality. The new study builds on a 2023 report published by the group, who call their collaboration the Illuminating Hidden Harvests Initiative (IHH).

"Our driving question was simple: Who produces aquatic foods, how and for whom?" said co-author Nicole Franz, who leads the Equitable Livelihoods Team in FAO's Fisheries and Aquaculture Division and had the initial idea for IHH. "Answering that question was more complicated, requiring a huge team of diverse experts in fields like fisheries science, nutrition, governance, gender and economics."

All told, more than 800 contributors from around the world worked on the new study. They collected and analyzed troves of data from case studies, surveys and databases for insight into the impact of small-scale fisheries on issues such as global catch, nutrition and employment.




The findings reveal that small-scale fisheries are integral to meeting Sustainable Development Goals related to reducing hunger, poverty and the impacts of climate change, and to enhancing aquatic conservation, women's rights and economic growth.

For example, catch from small-scale fisheries provides 20% of dietary intake across six essential nutrients -- including vitamins, minerals and omega-3 fatty acids -- to 2.3 billion people who live within 20 kilometers, or about 12 miles, of a coastline or large inland water body. In other words, about 1 in 4 people likely depends on small-scale fisheries to supply a substantial portion of several key nutrients.

In addition, almost 500 million people, or one in 12 individuals, are at least partially dependent on small-scale fishing for their livelihoods, a catchall term to describe the means used for meeting basic needs. Nearly half of those people are women -- an underrecognized demographic in fisheries research.

"Women participate in all aspects of fishing, from prep work, to catching fish, to processing activities such as cleaning fish. They're essential to these production systems that put food on the table for millions," said co-author John Virdin, director of the Ocean and Coastal Policy Program at Duke University's Nicholas Institute for Energy, Environment & Sustainability and a faculty member at the Nicholas School.

At least 40% of global catch comes from small-scale fisheries, the study found. Small-scale fisheries also contribute 44% of landed economic value, or money generated by fisheries globally.

Of all small-scale fisheries analyzed, African operations contribute most to global catch and nutrition. Meanwhile, small-scale fisheries in Oceania -- which includes nations in the South and Central Pacific Ocean -- play a major role in supporting livelihoods in the region.




"Our findings from Oceania help show just how important small-scale fishing is in countries where opportunities to make a living are more limited. In these cases, additional efforts for achieving effective fisheries management and governance to ensure the sustainability of the sub-sector are needed," Gutierrez said.

Despite their considerable societal contributions, many small-scale fishers do not have authority over their fisheries. Specifically, about two-thirds of catch from small-scale fisheries in 51 countries surveyed come from fishers with no formal rights to participate in resource management and decision-making processes, according to the study.

Lacking authority, small-scale fishers are vulnerable to external competition or exclusionary policies that could compromise the natural resources they rely on and their potential contributions to sustainable development.

"Often these fishers have been rooted in aquatic environments and communities for hundreds to thousands of years. The lack of appropriate support from local or national authorities often undermines local efforts to avoid free-for-all scenarios that can easily lead to overfishing," said Basurto, who is now on faculty at the Doerr School of Sustainability at Stanford University.

The study paves the way for additional policy action by governments and policymakers to best support small-scale fisheries and, by extension, environmental and global health.

"This study has started to quantify the impact of small-scale fisheries across the world and how they relate to important policy agendas on climate change, natural-resource management, governance, conservation, gender equity, social inclusion, diets and nutrition. By making those linkages explicit, I think our research has given policymakers a pathway to support small-scale fisheries," said co-author and WorldFish principal scientist Edward H. Allison.

The Norwegian Agency for Development Cooperation (NORAD) and the Swedish International Development Cooperation Agency (SIDA) provided funding to FAO; Duke University received funding from the Oak Foundation; and WorldFish received funding from the Consultative Group on International Agricultural Research (CGIAR) multi-donor trust fund grant through the Resilient Aquatic Food Systems Initiative.
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How cryogenic microscopy could help strengthen food security | ScienceDaily
According to the United Nations, soil salinization affects between 20% and 40% of arable land globally, with human activity and climate change -- especially rising sea levels -- largely responsible for this process. While the human body needs sodium to function, this is not the case for most plants. In fact, excess salt around plants' roots gradually blocks their access to water, stunting their growth, poisoning them and hastening their death. Ten million hectares of farmland are destroyed by soil salinization every year, posing a threat to global food security.


						
Scientists at EPFL, the University of Lausanne (UNIL) and their Spanish partners observed how 'Salt Overly Sensitive 1' (SOS1), a gene identified in 2000, protects the plant cells from salt. The team of biologists and engineers produced unprecedented images using the CryoNanoSIMS (Cryo Nanoscale Secondary Ion Mass Spectrometry) ion microprobe. With this cryogenic microscopy instrument -- the only one of its kind in the world -- they were able to obtain precise images of the location in which a specific nutrient is stored or used within a cell or tissue sample. Their observations show that, under high levels of salt stress, the ion transporter SOS1 no longer removes sodium but rather helps to load it into structures called the vacuoles within the cells. Better understanding this mechanism and working out why some species are more tolerant to sodium than others could, according to the scientists, allow us to develop new strategies to strengthen food security. Their findings have just been published in Nature.

First visual proof

"Our research provides the first visual proof, at the cellular scale, of how plants protect themselves against excess of sodium," says Priya Ramakrishna, a postdoctoral researcher at EPFL's Laboratory for Biological Geochemistry (LGB) and the lead author of the paper. "Previous hypotheses of this mechanism were based on indirect evidence. We can now see where sodium is transported to at different levels of salt stress -- something we were unable to do at this resolution before." The joint EPFL and UNIL team carried out observations in unprecedented detail with the recently developed CryoNanoSIMS instrument, that permits obtaining chemical images of biological tissue at a resolution of 100 nanometers, in this case on samples of plant roots that had been snap-frozen in a bath of liquid nitrogen and maintained at very low temperatures under vacuum, to preserve all elements in place in the tissue.

This approach allowed them to map individual plant cells and see where key elements, such as potassium, magnesium, calcium and sodium were stored in plant root tips -- the part of the plant known as the "root apical meristem" -- that contain the stem cells responsible for the development of the plant root system. The CryoNanoSIMS imaging showed the condition of the root at two different salt stress conditions.

A change of strategy

Under mild salt stress, the cells manage to keep sodium from entering. But the team observed a change of strategy under high salt stress: instead of evacuating the sodium, as previously thought, the SOS1 transporter helps to sequester it into vacuoles that serve to store unwanted products. "But this defense mechanism is energy-intensive, slowing down the plant's growth, inhibiting its performance and ultimately leading to its death if the salt stress persists," explains Ramakrishna. The researchers validated their observations by performing the same experiments on mutant samples lacking the SOS1 transporter gene, revealing its inability to transport sodium into the vacuoles, which explains its strongly increased sensitivity to salt. They also ran the tests using root samples taken from rice -- the world's most common crop -- and found that, in this case too, the sodium was transported to the vacuole under high salt stress.

Matching location with function

For Ramakrishna, a plant biologist by training, the chemical imaging made possible by the CryoNanoSIMS instrument is a complete game changer. And the instrument could also be used to investigate how plants protect themselves against other threats, such as heavy metal pollution and microbes. "With this kind of truly interdisciplinary collaboration, i.e., blending biology and engineering, we can match location with function and understand mechanisms and processes that have never been observed before," says corresponding author Anders Meibom, a professor at EPFL's School of Architecture, Civil and Environmental Engineering (ENAC) and UNIL's Faculty of Geosciences and Environment, in whose laboratory the CryoNanoSIMS instrument was developed.

Niko Geldner, the paper's co-corresponding author, head of the research team at UNIL's Faculty of Biology and Medicine and leader of the UNIL team, is equally enthusiastic about this collaboration: "Plants are fundamentally dependent on extracting mineral nutrients from the soil, but we were never able to observe their transport and accumulation at sufficient resolution. The CryoNanoSIMS technology finally achieves this and promises to transform our understanding of plant nutrition, beyond the problem of salt." Professor Christel Genoud, co-author of the paper and Director of the Dubochet Center for Imaging adds: "This technique is opening up an entirely new horizon in the imaging of biological tissue and places our institutions as leaders on this frontier."
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DNA damage can last unrepaired for years, changing our view of mutations | ScienceDaily
While most known types of DNA damage are fixed by our cells' in-house DNA repair mechanisms, some forms of DNA damage evade repair and can persist for many years, new research shows. This means that the damage has multiple chances to generate harmful mutations, which can lead to cancer.


						
Scientists from the Wellcome Sanger Institute and their collaborators analysed family trees of hundreds of single cells from several individuals. The team pieced together these family trees from patterns of shared mutations between the cells, indicating common ancestors.

Researchers uncovered unexpected patterns of mutation inheritance in the trees, revealing that some DNA damage persists unrepaired. In the case of blood stem cells, this can be for two to three years.

The research, published today (15 January) in Nature, changes the way we think about mutations, and has implications for understanding the development of various cancers.

Throughout our life, all of the cells in our body accumulate genetic errors in the genome, known as somatic mutations. These can be caused by damaging environmental exposures, such as smoking, as well as the everyday chemistry occurring in our cells.

DNA damage is distinct from a mutation. While a mutation is one of the standard four DNA bases (A, G, T or C) in the wrong place, similar to a spelling mistake, DNA damage is chemical alteration of the DNA, like a smudged unrecognisable letter. DNA damage can result in the genetic sequence being misread and copied during cell division -- known as DNA replication -- and this introduces permanent mutations that can contribute to the development of cancers. However, the DNA damage itself is usually recognised and mended quickly by repair mechanisms in our cells.

If researchers can better understand the causes and mechanisms of mutations, they may be able to intervene and slow or remove them.




In a new study, Sanger Institute scientists and their collaborators analysed data in the form of family trees of hundreds of single cells from individuals. The family trees are constructed from patterns of mutations across the genome that are shared between cells -- for example, cells with many shared mutations have a recent common ancestor cell and are closely related.

The researchers collated seven published sets of these family trees, known as somatic phylogenies. The data set included 103 phylogenies from 89 individuals1, spanning blood stem cells, bronchial epithelial cells and liver cells.

The team found unexpected patterns of mutation inheritance in the family trees, revealing that some DNA damage can persist unrepaired through multiple rounds of cell division. This was particularly evident in blood stem cells, where between 15 to 20 per cent of the mutations resulted from a specific type of DNA damage that persists for two to three years on average, and in some cases longer.

This means that during cell division, each time the cell attempts to copy the damaged DNA it can make a different mistake, leading to multiple different mutations from a single source of DNA damage. Importantly, this creates multiple chances of harmful mutations that could contribute to cancer. Researchers suggest that although these types of DNA damage occur rarely, their persistence over years means they can cause as many mutations as more common DNA damage.

Overall, these findings change the way researchers think about mutations, and has implications for the development of cancer.

Dr Michael Spencer Chapman, first author from the Wellcome Sanger Institute and the Barts Cancer Institute, said: "With these family trees, we can link the relationships of hundreds of cells from one person right back to conception, meaning we can track back through the divisions each cell has gone through. It's these large-scale, novel datasets that have led us to this unexpected finding that some forms of DNA damage can last for a long time without being repaired. This study is a prime example of exploratory science -- you don't always know what you're going to find until you look; you have to stay curious."

Emily Mitchell, an author from the Wellcome Sanger Institute, Wellcome-MRC Cambridge Stem Cell Institute and University of Cambridge, said: "When exploring family trees of blood stem cells in particular, we found a specific type of DNA damage that results in around 15 to 20 per cent of the mutations in these cells, and can last for several years. It is unclear why this process is only found in blood stem cells and not other healthy tissues. Knowing that the DNA damage is long-lasting gives new routes to investigate what the damage actually is. As we continue to better understand the causes of mutations, we may one day be able to intervene and remove them."

Dr Peter Campbell, lead author previously from the Wellcome Sanger Institute and now Chief Scientific Officer at Quotient Therapeutics, said: "We have identified forms of DNA damage that manage to escape our DNA repair mechanisms and persist in the genome for days, months, or sometimes years. These findings don't fit with what scientists have previously thought about the fundamentals of how mutations are acquired. This paradigm shift brings a new dimension to the way we think about mutations, and is important for the research community when designing future studies."
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Could this fundamental discovery revolutionize fertilizer use in farming? | ScienceDaily
Researchers have discovered a biological mechanism that makes plant roots more welcoming to beneficial soil microbes.


						
This discovery by John Innes Centre researchers paves the way for more environmentally friendly farming practices, potentially allowing farmers to use less fertiliser.

Production of most major crops relies on nitrate and phosphate fertilisers, but excessive fertiliser use harms the environment.

If we could use mutually beneficial relationships between plant roots and soil microbes to enhance nutrient uptake, then we could potentially reduce use of inorganic fertilisers.

Researchers in the group of Dr Myriam Charpentier discovered a mutation in a gene in the legume Medicago truncatula that reprogrammes the signaling capacity of the plant so that it enhances partnerships with nitrogen fixing bacteria called rhizobia and arbuscular mycorrhiza fungi (AMF) which supply roots with phosphorus.

This type of partnership, known as endosymbiosis, where one organism exists within another, enables legume plants to scavenge nutrients from the soil via microbes, in exchange for sugars.

A barrier to the widespread use of endosymbiotic partnerships in agriculture is that they preferentially occur in nutrient-poor soils, conflicting with the conditions of intensive farming.




In this study which appears in Nature, experiments showed that the gene mutation in a calcium signalling pathway enhances endosymbiosis in farming conditions.

Excitingly, the team used genetic approaches to show that the same gene mutation in wheat enhances colonization by nitrogen fixing bacteria and AMF in field conditions too.

The findings represent an exciting breakthrough in the long-held ambition to use enhanced endosymbiotic partnerships as natural alternatives to inorganic-fertilizer across major crops, including cereals and legumes.

"Our findings hold great potential for advancing sustainable agriculture. It is unexpected and exciting that the mutation we have identified enhances endosymbiosis in farming conditions, because it offers the potential for sustainable crop production using endosymbionts alongside reduced inorganic fertiliser use," said Dr Charpentier.

"The discovery contributes broadly to research on calcium signalling while also offering a transition solution towards more sustainable production of economically important crops."

Previous research by the Charpentier group has shown that the calcium signaling in root cell nuclei is essential for the establishment of root endosymbiosis with useful nitrogen fixing bacteria and AMF.




This study decodes that key signalling mechanism, showing how calcium oscillations regulate the production of compounds called flavonoids which enhance endosymbiosis.

"Our discovery underscores the importance of fundamental science in addressing societal challenges," concluded Dr Charpentier.

Root endosymbiosis is highly beneficial to plants, increasing nutrient uptake and stress resilience. There is an increasing need to develop high-yielding, disease resistance crops and reduce fertiliser use to protect the environment as well as reduce costs for farmers.

Combining disease resistance and climate resilience with efficient nutrient assimilation through improved association with symbiotic microorganisms is a key element of this ambition.
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How one brain circuit encodes memories of both places and events | ScienceDaily
Nearly 50 years ago, neuroscientists discovered cells within the brain's hippocampus that store memories of specific locations. These cells also play an important role in storing memories of events, known as episodic memories. While the mechanism of how place cells encode spatial memory has been well-characterized, it has remained a puzzle how they encode episodic memories.


						
A new model developed by MIT researchers explains how those place cells can be recruited to form episodic memories, even when there's no spatial component. According to this model, place cells, along with grid cells found in the entorhinal cortex, act as a scaffold that can be used to anchor memories as a linked series.

"This model is a first-draft model of the entorhinal-hippocampal episodic memory circuit. It's a foundation to build on to understand the nature of episodic memory. That's the thing I'm really excited about," says Ila Fiete, a professor of brain and cognitive sciences at MIT, a member of MIT's McGovern Institute for Brain Research, and the senior author of the new study.

The model accurately replicates several features of biological memory systems, including the large storage capacity, gradual degradation of older memories, and the ability of people who compete in memory competitions to store enormous amounts of information in "memory palaces."

MIT Research Scientist Sarthak Chandra and Sugandha Sharma PhD '24 are the lead authors of the study, which appears today in Nature. Rishidev Chaudhuri, an assistant professor at the University of California at Davis, is also an author of the paper.

An index of memories

To encode spatial memory, place cells in the hippocampus work closely with grid cells -- a special type of neuron that fires at many different locations, arranged geometrically in a regular pattern of repeating triangles. Together, a population of grid cells forms a lattice of triangles representing a physical space.




In addition to helping us recall places where we've been, these hippocampal-entorhinal circuits also help us navigate new locations. From human patients, it's known that these circuits are also critical for forming episodic memories, which might have a spatial component but mainly consist of events, such as how you celebrated your last birthday or what you had for lunch yesterday.

"The same hippocampal and entorhinal circuits are used not just for spatial memory, but also for general episodic memory," Fiete says. "The question you can ask is what is the connection between spatial and episodic memory that makes them live in the same circuit?"

Two hypotheses have been proposed to account for this overlap in function. One is that the circuit is specialized to store spatial memories because those types of memories -- remembering where food was located or where predators were seen -- are important to survival. Under this hypothesis, this circuit encodes episodic memories as a byproduct of spatial memory.

An alternative hypothesis suggests that the circuit is specialized to store episodic memories, but also encodes spatial memory because location is one aspect of many episodic memories.

In this work, Fiete and her colleagues proposed a third option: that the peculiar tiling structure of grid cells and their interactions with hippocampus are equally important for both types of memory -- episodic and spatial. To develop their new model, they built on computational models that her lab has been developing over the past decade, which mimic how grid cells encode spatial information.

"We reached the point where I felt like we understood on some level the mechanisms of the grid cell circuit, so it felt like the time to try to understand the interactions between the grid cells and the larger circuit that includes the hippocampus," Fiete says.




In the new model, the researchers hypothesized that grid cells interacting with hippocampal cells can act as a scaffold for storing either spatial or episodic memory. Each activation pattern within the grid defines a "well," and these wells are spaced out at regular intervals. The wells don't store the content of a specific memory, but each one acts as a pointer to a specific memory, which is stored in the synapses between the hippocampus and the sensory cortex.

When the memory is triggered later from fragmentary pieces, grid and hippocampal cell interactions drive the circuit state into the nearest well, and the state at the bottom of the well connects to the appropriate part of the sensory cortex to fill in the details of the memory. The sensory cortex is much larger than the hippocampus and can store vast amounts of memory.

"Conceptually, we can think about the hippocampus as a pointer network. It's like an index that can be pattern-completed from a partial input, and that index then points toward sensory cortex, where those inputs were experienced in the first place," Fiete says. "The scaffold doesn't contain the content, it only contains this index of abstract scaffold states."

Furthermore, events that occur in sequence can be linked together: Each well in the grid cell-hippocampal network efficiently stores the information that is needed to activate the next well, allowing memories to be recalled in the right order.

Modeling memory cliffs and palaces

The researchers' new model replicates several memory-related phenomena much more accurately than existing models that are based on Hopfield networks -- a type of neural network that can store and recall patterns.

While Hopfield networks offer insight into how memories can be formed by strengthening connections between neurons, they don't perfectly model how biological memory works. In Hopfield models, every memory is recalled in perfect detail until capacity is reached. At that point, no new memories can form, and worse, attempting to add more memories erases all prior ones. This "memory cliff" doesn't accurately mimic what happens in the biological brain, which tends to gradually forget the details of older memories while new ones are continually added.

The new MIT model captures findings from decades of recordings of grid and hippocampal cells in rodents made as the animals explore and forage in various environments. It also helps to explain the underlying mechanisms for a memorization strategy known as a memory palace. One of the tasks in memory competitions is to memorize the shuffled sequence of cards in one or several card decks. They usually do this by assigning each card to a particular spot in a memory palace -- a memory of a childhood home or other environment they know well. When they need to recall the cards, they mentally stroll through the house, visualizing each card in its spot as they go along. Counterintuitively, adding the memory burden of associating cards with locations makes recall stronger and more reliable.

The MIT team's computational model was able to perform such tasks very well, suggesting that memory palaces take advantage of the memory circuit's own strategy of associating inputs with a scaffold in the hippocampus, but one level down: Long-acquired memories reconstructed in the larger sensory cortex can now be pressed into service as a scaffold for new memories. This allows for the storage and recall of many more items in a sequence than would otherwise be possible.

The researchers now plan to build on their model to explore how episodic memories could become converted to cortical "semantic" memory, or the memory of facts dissociated from the specific context in which they were acquired (for example, Paris is the capital of France), how episodes are defined, and how brain-like memory models could be integrated into modern machine learning.

The research was funded by the U.S. Office of Naval Research, the National Science Foundation under the Robust Intelligence program, the ARO-MURI award, the Simons Foundation, and the K. Lisa Yang ICoN Center.
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Deep learning designs proteins against deadly snake venom | ScienceDaily
New proteins not found in nature have now been designed to counteract certain highly poisonous components of snake venom. The deep learning, computational methods for developing these toxin-neutralizing proteins offer hope for creating safer, more cost-effective and more readily available therapeutics than those currently in use.


						
Each year more than 2 million people suffer snakebites. More than 100,000 of them die, according to the World Health Organization, and 300,000 suffer severe complications and lasting disability from limb deformity, amputation or other aftereffects. Sub-Saharan Africa, South Asia, Papua New Guinea, and Latin America are among the places where poisonous snakebites pose the greatest public health concern.

The computational biology effort to discover better antivenom therapeutics, led by scientists at the UW Medicine Institute for Protein Design and the Technical University of Denmark, is reported today, Jan. 15, in Nature.

The lead author of the paper is Susana Vazquez Torres of the Department of Biochemistry at the UW School of Medicine and the UW Graduate Program in Biological Physics. Her hometown is Queretaro, Mexico, which is located near viper and rattlesnake habitats. Her professional goal is to invent new drugs for neglected diseases and injuries, including snakebites.

Her research team, which also included international experts in snakebite research, drugs and diagnostics, and tropical medicine from the United Kingdom and Denmark, concentrated their attention on finding ways to neutralize venom gathered from certain elapids. Elapids are a large group of poisonous snakes, among them cobras and mambas, that live in the tropics and subtropics.

Most elapid species have two small fangs shaped like shallow needles. During a tenacious bite, the fangs can inject venom from glands at the back of the snake's jaw. Among the venom's components are potentially lethal three-finger toxins. These chemicals damage bodily tissues by killing cells. More seriously, by interrupting signals between nerves and muscles, three-finger toxins can cause paralysis and death.

At present, venomous snakebites from elapids are treated with antibodies taken from the plasma of animals that have been immunized against the snake toxin. Producing the antibodies is costly, and they have limited effectiveness against three-finger toxins. This treatment can also have serious side effects, including causing the patient to go into shock or respiratory distress.




"Efforts to try to develop new drugs have been slow and laborious," noted Vazquez Torres.

The researchers used deep learning computational methods to try to speed the discovery of better treatments. They created new proteins that interfered with the neurotoxic and cell-destroying properties of the three-finger toxin chemicals by binding with them.

Through experimental screening, the scientists obtained designs that generated proteins with thermal stability and high binding affinity. The actual synthesized proteins were almost a complete match at the atomic level with the deep-learning computer design.

In lab dishes, the designed proteins effectively neutralized all three of the subfamilies of three-finger toxins tested. When given to mice, the designed proteins protected the animals from what could have been a lethal neurotoxin exposure.

Designed proteins have key advantages. They could be manufactured with consistent quality through recombinant DNA technologies instead of by immunizing animals. (Recombinant DNA technologies in this case refer to the lab methods the scientists employed to take a computationally designed blueprint for a new protein and synthesize that protein.)

Also, the new proteins designed against snake toxins are small, compared to antibodies. Their smaller size might allow for greater penetration into tissues to quickly counteract the toxins and reduce damage.




In addition to opening new avenues to develop antivenoms, the researchers think computational design methods could be used to develop other antidotes. Such methods also might be used to discover medications for undertreated illnesses that affect countries with significantly limited scientific research resources.

"Computational design methodology could substantially reduce the costs and resource requirements for development of therapies for neglected tropical diseases," the researchers noted.

The senior researchers on the project to design protein treatments for elapid snakebites were Timothy J. Perkins at the Technical University of Denmark and David Baker of the UW Medicine Institute for Protein Design and the Howard Hughes Medical Institute. Baker is a professor of biochemistry at the UW School of Medicine.

The University of Washington has submitted a provisional U.S. patent application for the design and composition of the proteins created in this study.
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Ancient genomes reveal an Iron Age society centred on women | ScienceDaily
An international team of geneticists, led by those from Trinity College Dublin, has joined forces with archaeologists from Bournemouth University to decipher the structure of British Iron Age society, finding evidence of female political and social empowerment.


						
The researchers seized upon a rare opportunity to sequence DNA from many members of a single community. They retrieved over 50 ancient genomes from a set of burial grounds in Dorset, southern England, in use before and after the Roman Conquest of AD 43. The results revealed that this community was centred around bonds of female-line descent.

Dr Lara Cassidy, Assistant Professor in Trinity's Department of Genetics, led the study that has been published in leading international journal Nature today. She said: "This was the cemetery of a large kin group. We reconstructed a family tree with many different branches and found most members traced their maternal lineage back to a single woman, who would have lived centuries before. In contrast, relationships through the father's line were almost absent.

"This tells us that husbands moved to join their wives' communities upon marriage, with land potentially passed down through the female line. This is the first time this type of system has been documented in European prehistory and it predicts female social and political empowerment.

"It's relatively rare in modern societies, but this might not always have been the case."

Incredibly, the team found that this type of social organisation, termed "matrilocality," was not just restricted to Dorset. They sifted through data from prior genetic surveys of Iron Age Britain and, although sample numbers from other cemeteries were smaller, they saw the same pattern emerge again and again.

Dan Bradley, Professor of Population Genetics in Trinity's Department of Genetics, and a co-author of the study, added: "Across Britain we saw cemeteries where most individuals were maternally descended from a small set of female ancestors. In Yorkshire, for example, one dominant matriline had been established before 400 BC. To our surprise, this was a widespread phenomenon with deep roots on the island."

Iron Age cemeteries with well-preserved burials are rare in Britain. Dorset is an exception, due to the unique burial customs of the people who lived there, named as the "Durotriges" by the Romans. The researchers sampled DNA from a site near the village of Winterborne Kingston, nicknamed "Duropolis," which archaeologists from Bournemouth University have been excavating since 2009. Previously, the team had observed the more richly furnished Durotrigan burials to be those of women.




Dr Miles Russell, the excavation's director and co-author on the study, commented: "Beyond archaeology, knowledge of Iron Age Britain has come primarily from the Greek and Roman writers, but they are not always considered the most trustworthy. That said, their commentary on British women is remarkable in light of these findings. When the Romans arrived, they were astonished to find women occupying positions of power. Two of the earliest recorded rulers were queens -- Boudica and Cartimandua -- who commanded armies.

"It's been suggested that the Romans exaggerated the liberties of British women to paint a picture of an untamed society. But archaeology, and now genetics, implies women were influential in many spheres of Iron Age life. Indeed, it is possible that maternal ancestry was the primary shaper of group identities."

Anthropologist Dr Martin Smith, one of the project's bone specialists, added: "These results give us a whole new way of looking at the burials we are uncovering with our students. Rather than simply seeing a set of skeletons, hidden aspects of these people's lives and identities come into view as mothers, husbands, daughters and so on. We also see these folk had deep knowledge of their own ancestry -- multiple marriages between distant branches of this family occurred and were possibly favoured, but close inbreeding was avoided."

Echoing the writings of Julius Caesar, the researchers further uncovered a footprint of Iron Age migration into coastal southern England, which had gone undetected in prior genetic studies. This will add more fuel to debates surrounding the arrival of Celtic language in Britain.

Dr Cassidy explained: "Migration into Britain during the later Bronze Age has previously been detected, leading some to hypothesise that Celtic language arrived during this period. But our results point towards substantial cross-channel mobility during the Iron Age as well. Narrowing down the arrival time of Celtic will be difficult. Indeed, it is quite possible that Celtic languages were introduced to Britain on more than one occasion."
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Scientists identify new epigenetic approach to target colorectal cancer | ScienceDaily
A little-known mouse protein disrupts cancer-causing chemical changes to genes associated with human colorectal cancer cells and potentially could be used to treat solid tumors, according to a new study from researchers at the Johns Hopkins Kimmel Cancer Center and the Chinese Academy of Sciences.


						
In the study, published Jan. 8 in the journal Nature Communications, the mouse version of the protein, called STELLA, disrupted a key epigenetic factor and impaired tumor growth better than the protein's human version. By pinpointing the amino acids (building blocks of a protein) responsible for the difference in activity, the research team developed and tested a drug strategy using those amino acids to treat colorectal cancer in cell lines and in a mouse model of cancer. Epigenetics refers to chemical alterations to genes that promote cancer growth and spread without mutating the DNA.

"For solid tumors -- the major killers in cancer -- there is a tremendous unmet need to develop new approaches to therapeutically block DNA methylation abnormalities," says corresponding co-author Stephen Baylin, M.D., the Virginia and D.K. Ludwig Professor of Oncology and Medicine at Johns Hopkins and co-director of the Johns Hopkins Kimmel Cancer Center Genetics and Epigenetics Program. "This is a novel approach to take the emerging need for epigenetic therapy in cancer forward in a very palpable way," adds corresponding co-author Xiangqian Kong, a principal investigator at the Guangzhou Institute of Biomedicine and Health, Chinese Academy of Sciences.

The new drug strategy is the culmination of an intensive investigation into ways to target and block proteins that facilitate cancer-specific epigenetic changes in cells. Epigenetics ("on top of" genetics) refers to chemical modifications to the genome that don't change the DNA sequence. If DNA is a cell's hardware, the epigenome is the software. Epigenetic changes to DNA, which include attachment or removal of methyl groups, dictate when and where certain genes are turned on or off, and to what degree.

Just as abnormalities in DNA can drive cancer, so can abnormalities in the epigenome. During the past decade, scientists have developed numerous therapies that block abnormal DNA methylation to help prevent cancer progression and metastasis. Currently, epigenetic therapies are approved for blood cancers, such as leukemia, but not solid tumors.

A prominent epigenetic target is UHRF1, a protein that is highly expressed in many solid tumors. UHRF1 acts as a guide that recruits another protein to add methyl groups to the DNA of tumor suppressor genes. If researchers are able to intercept that guide, they might prevent or even undo cancer-causing changes to the genome, Baylin and Kong say.

Mounting evidence since 2014 suggests that STELLA, a protein involved in the development of mouse embryos, grabs UHRF1 and sequesters it away. With that knowledge, Baylin, Kong and colleagues set out to investigate how and why STELLA inhibits UHRF1.




They quickly identified a difference in the activity of the protein's mouse version and its human counterpart: mouse STELLA (mSTELLA), but not human STELLA (hSTELLA), binds tightly to UHRF1. Comparing the two proteins, they found that mSTELLA and hSTELLA are only 31% identical at the amino acid level.

Next, the team performed structural studies and identified a small peptide region that accounted for the difference in activity between mSTELLA and hSTELLA. But would the mouse peptide work as well in human cancer cells? Putting it to the test, the researchers found that the mSTELLA peptide was required to effectively block UHRF1 and activate tumor suppressor genes in human colorectal cancer cells.

Based on those results, the team moved immediately to develop a drug strategy using mSTELLA to treat cancer. They designed a lipid nanoparticle therapy -- an ultratiny drug delivery vehicle made of fatty molecules -- to deliver the mSTELLA peptide as mRNA to cells (similarly to how most COVID-19 vaccines work). The therapy performed well in mice, activating tumor suppressor genes and impairing tumor growth.

Because UHFR1 is implicated as an oncogene in numerous types of cancer, the results have implications for treating many cancers, say Baylin and Kong: "We are really excited about moving this forward to take to patients."

Other researchers involved in the study were Ying Cui, Ray-Whay Chiu Yen and Srinivasan Yegnasubramanian at Johns Hopkins. Additional authors were Wenjing Bai, Jinxin Xu, Wenbin Gu, Danyang Wang, Weidong Rong, Xiaoan Du, Xiaoxia Li, Cuicui Xia, Qingqing Gan, Guantao He, Huahui Guo, Jinfeng Deng, Yuqiong Wu, Cheng Luo, Linping Wu and Jinsong Liu from the Chinese Academy of Sciences in Beijing, and Scott Rothbart from the Department of Epigenetics at the Van Andel Institute, Grand Rapids, Michigan, where Baylin also has an appointment.

The study was supported by the National Natural Science Foundation of China (grant #22107101), an investigator-initiated grant from Bristol Myers-Squibb -- Celgene, the National Institute of Environmental Health Sciences (#R01ES011858), the Samuel Waxman Cancer Research Foundation, The Hodson Trust, the National Key R&D Program of China (#2022YFA1303100, #2023YFF0724200), the Guangdong Basic and Applied Basic Research Foundation (#2021B1515420002, #2023B1212060050), the Pearl River Talents Plan (#2021QN02Y734), the Science and Technology Projects in Guangzhou (#2024A04J4358), the Open Project of State Key Laboratory of Respiratory Disease (#SKLRD-OP-202213), the Lingang Laboratory (#LG-QS-202205-07), the Basic Research Project of Guangzhou Institute of Biomedicine and Health, Chinese Academy of Sciences (# GIBHBRP23-03, GIBHBRP24-03) and the National Cancer Institute, National Institutes of Health (#R01CA283463).

Baylin is an inventor of MSP, which is licensed to MDxHealth in agreement with The Johns Hopkins University. He and JHU are entitled to royalty sale shares. He also has been granted a provisional patent related to the work.
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Putting a lid on excess cholesterol to halt bladder cancer cell growth | ScienceDaily
Like all cancers, bladder cancer develops when abnormal cells start to multiply out of control. But what if we could put a lid on their growth?


						
Previous studies showed that a protein called PIN1 helps cancers initiate and progress, but its exact role in tumor development has remained unclear. Now, cancer biologists at the Salk Institute have discovered that PIN1 is a significant driver of bladder cancer and revealed that it works by triggering the synthesis of cholesterol -- a membrane lipid essential for cancer cells to grow.

After mapping out the molecular pathway between PIN1 and cholesterol, the researchers developed an effective treatment regimen that largely halted tumor growth in their mouse model of cancer. The therapy consists of two drugs: a PIN1 inhibitor called sulfopin, an experimental drug not yet tested in humans, and simvastatin, a statin that is already used in humans for lowering cholesterol levels to reduce the risk of cardiovascular disease.

The findings were published in Cancer Discovery, a journal of the American Association for Cancer Research, on January 14, 2025.

"We're excited to be the first to identify PIN1's role in bladder cancer and to describe the mechanism it uses to drive tumor growth," says senior author Tony Hunter, American Cancer Society professor and holder of the Renato Dulbecco Chair at Salk. "Given the high costs, morbidity, and mortality rates for bladder cancer, we're especially thrilled to discover that targeting the cholesterol pathway with this therapeutic combination was so effective in suppressing bladder tumor growth in mice, and we hope to see this approach explored in a future clinical trial, once a PIN1 inhibitor is approved for clinical use."

Bladder cancer is one of the most diagnosed cancers worldwide and the fourth most common cancer among men. It poses a serious threat to public health, as most cases result in either expensive, lifelong treatment, or rapid progression and mortality.

Hunter's lab had originally discovered PIN1 in 1996 as a part of its work on phosphorylation, a process in which phosphate molecules are tacked onto proteins to change their structure and function. The lab showed that PIN1 is an enzyme that can recognize a protein when a phosphate is added to the amino acid serine while it's next to the amino acid proline. PIN1 then changes that protein's shape.




Phosphorylation of proteins at serine residues next to prolines is known to be a major signaling mechanism controlling cell proliferation and malignant transformation, and its dysregulation causes human cancers. PIN1 can target these phosphorylated areas and instigate structural and functional changes to the protein. Still, it's been unclear exactly how this PIN1 activity contributes to tumor formation or which proteins PIN1 might be interacting with in bladder cancer cells.

In search of answers, the team compared normal human bladder cells with bladder cancercells, in culture dishes and implanted in mice.

First, they demonstrated that PIN1 expression was higher in bladder cancer cells -- specifically in the specialized tissue layer that lines the inside of the urinary tract, called the urothelium. Then, they used genetic scissors to eliminate the PIN1 gene in the cancer cells. Without PIN1, they saw fewer cancerous cells develop, and those that did develop migrated less aggressively within and beyond the urothelium.

These findings indicated that PIN1 was contributing to the development of bladder cancer, but how?

The researchers returned to the cells that were missing PIN1 and looked to see if any other biological processes had been altered. Surprisingly, they found that one of the most affected pathways was the cholesterol synthesis pathway, mediated by a protein called SREBP2. Without PIN1, the bladder cells contained much lower levels of cholesterol.

"Cancer cells need a lot of cholesterol to accomplish their trademark excess growth," says first author Xue Wang, a postdoctoral researcher in Hunter's lab. "Our findings show that PIN1 plays an important role in cholesterol production, and removing it leads to lower cholesterol and therefore less out-of-control tumor growth."

Through a series of experiments, the researchers confirmed that PIN1 was working with the SREBP2 protein to stimulate cholesterol production. Removing PIN1 effectively put a lid on the cancer's fuel supply, but reinstating PIN1 reversed those anti-cancer effects. Without intervention, the high level of PIN1 in bladder cancer assists in tumor growth and metastasis.




How can we stop PIN1? One obvious answer is to inhibit the protein itself, but it's also possible to inhibit an enzyme in the cholesterol pathway that PIN1 stimulates. One class of drugs, called statins, is already very widely used to control cholesterol levels. Statins work by blocking a protein in the cholesterol biosynthesis pathway called HMGCR. The idea was to attack the cholesterol pathway from two angles by combining simvastatin, a widely prescribed statin, to block HMGCR, and sulfopin to disable PIN1 and prevent its activation of SREBP2, thus drastically reducing the ability of the bladder cancer cells to make cholesterol.

When the researchers treated the mice with bladder cancer tumors with the PIN1 inhibitor sulfopin and the HMGCR inhibitor simvastatin, they found the combination suppressed cancer cell proliferation and tumor growth -- importantly, the two worked better in tandem than as individual treatments.

"This is likely just one of many roles that PIN1 plays in cancers," says Hunter. "What's exciting about this discovery, though, is that statins are already in human use to prevent cardiovascular disease, and our work suggests an opportunity to use statins in combination with other drugs for bladder cancer therapy. And beyond this, we'll continue to study whether PIN1 plays a similar role in other cancers, so our findings can hopefully improve lives regardless of cancer type."

Not only did the team confirm PIN1's role in bladder cancer progression, they also connected PIN1 to cholesterol biosynthesis and created viable treatment solutions to improve treatment outcomes.

Other authors include Yuan Sui and Jill Meisenhelder of Salk, Derrick Lee of UC San Diego, and Haibo Xu of Shenzhen University in China.

The work was supported by the National Institutes of Health (CCSG P30CA023100, CCSG CA014159, 5 R35 CA242443) and a Pioneer Fund Postdoctoral Scholar Award.
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        This fast and agile robotic insect could someday aid in mechanical pollination
        New insect-scale microrobots can fly more than 100 times longer than previous versions. The new bots, also significantly faster and more agile, could someday be used to pollinate fruits and vegetables.

      

      
        Researchers make comfortable materials that generate power when worn
        Researchers have demonstrated new wearable technologies that both generate electricity from human movement and improve the comfort of the technology for the people wearing them. The work stems from an advanced understanding of materials that increase comfort in textiles and produce electricity when they rub against another surface.

      

      
        Protein protects biological nitrogen fixation from oxidative stress
        A research team has discovered how the 'Shethna protein II' protects the nitrogen-fixing enzyme nitrogenase from damage. The oxygen sensor protein could help to make nitrogenase usable in biotechnology, thereby reducing the need for synthetic fertilizers.

      

      
        Coyote genes may show urban evolution at work
        A new study outlines the ways by which city life may be shaping the evolution of urban coyotes, the highly adaptable carnivores spotted in alleyways from Berkeley, Calif., to the Bronx, in New York.

      

      
        This quasar may have helped turn the lights on for the universe
        Astronomers have detected an intensely brightening and dimming quasar that may help explain how some objects in the early universe grew at a highly accelerated rate. The discovery is the most distant object detected by the NuSTAR X-ray space telescope (which launched in 2012) and stands as one of the most highly 'variable' quasars ever identified.

      

      
        Is eating more red meat bad for your brain?
        People who eat more red meat, especially processed red meat like bacon, sausage and bologna, are more likely to have a higher risk of cognitive decline and dementia when compared to those who eat very little red meat, according to a new study.

      

      
        Super-Earth vs. Sub-Neptune? The winner is Super-Venus!
        New observational data and simulation models have confirmed a new type of planet unlike anything found in the Solar System. This provides another piece of the puzzle to understand how planets and planetary systems form.

      

      
        Not all Hot Jupiters orbit solo
        Hot Jupiters are giant planets initially known to orbit alone close to their star. During their migration towards their star, these planets were thought to accrete or eject any other planets present. However, this paradigm has been overturned by recent observations, and the final blow could come from a new study demonstrating the existence of a planetary system, WASP-132, with an unexpected architecture. It not only contains a Hot Jupiter but also an inner Super-Earth and an icy giant planet.

      

      
        Octopus arms have segmented nervous systems to power extraordinary movements
        New research has revealed that the nervous system circuitry that controls arm movement in octopuses is segmented, giving these extraordinary creatures precise control across all eight arms and hundreds of suckers to explore their environment, grasp objects, and capture prey.

      

      
        Memory systems in the brain drive food cravings that could influence body weight
        A research team identified the brain's food-specific memory system and its direct role in overeating and diet-induced obesity. They found a specific population of neurons in the mouse brain that encode memories for sugar and fat, profoundly impacting food intake and body weight.

      

      
        Protein shapes can help untangle life's ancient history
        The three-dimensional shape of a protein can be used to resolve deep, ancient evolutionary relationships in the tree of life, according to a new study. It is the first time researchers use data from protein shapes and combine it with data from genomic sequences to improve the reliability of evolutionary trees, a critical resource used by the scientific community for understanding the history of life, monitor the spread of pathogens or create new treatments for disease. Crucially, the approach wor...

      

      
        Three tiny 'stellar-ghost-town' galaxies discovered
        By combining data from the DESI Legacy Imaging Surveys and the Gemini South telescope, astronomers have investigated three ultra-faint dwarf galaxies that reside in a region of space isolated from the environmental influence of larger objects. The galaxies, located in the direction of NGC 300, were found to contain only very old stars, supporting the theory that events in the early Universe cut star formation short in the smallest galaxies.

      

      
        Engineers develop breakthrough method for aluminum surfaces, enabling advancements in cooling, self-cleaning and anti-icing technologies
        An international team of engineers has developed an innovative, scalable method for creating topography-patterned aluminum surfaces, enhancing liquid transport properties critical for applications in electronics cooling, self-cleaning technologies and anti-icing systems.

      

      
        Songbirds socialize on the wing during migration
        Evidence from over 18,300 hours of recorded flight calls suggests songbirds may 'talk' to other species as they migrate, forming social connections and -- just maybe -- exchanging information about the journey.

      

      
        Sensor tech and water filtration: Graphene made permeable for ions
        A milestone in graphene research: Chemists have succeeded in controlling the passage of halide ions by deliberately introducing defects into a two-layer nanographene system. Their paper shows new perspectives for applications in water filtration or sensor technology.

      

      
        Bird flu is mutating, but antivirals still work
        Researchers have identified nine mutations in a bird flu strain from a person in Texas. Bad news: this strain is more capable of causing disease and replicates better in the brain. Good news: approved antivirals are still effective.

      

      
        Researchers identify three psychological profiles that could determine the evolution of mental, cognitive and brain health in aging
        An international study has identified three psychological profiles associated with different patterns of cognitive and brain decline in aging. The study, which analyzed more than 1,000 middle-aged and older adults, shows that the specific psychological characteristics of each profile may influence the risk of developing dementia, as well as aspects such as the speed of brain decline and sleep quality. These findings open new perspectives for the design of more personalized prevention strategies.

      

      
        Critical ocean current has not declined in the last 60 years
        The Atlantic Meridional Overturning Circulation (AMOC) has not slowed down since the mid-20th century based on the North Atlantic air-sea heat fluxes over that time. This finding contrasts with studies that have estimated a decline in the AMOC, likely because previous studies rely on sea surface temperature measurements to understand how the AMOC has changed. However, sea surface temperature is not a reliable way to reconstruct the AMOC, according to the authors. Although the AMOC has not decline...

      

      
        Small-scale fisheries essential to global nutrition, livelihoods
        Small-scale fisheries play a significant but overlooked role in global fisheries production and are key to addressing hunger and malnutrition while supporting livelihoods around the world, according to new research. The study rigorously quantified how marine and inland small-scale fisheries contribute to aquatic harvests and nutritional and socioeconomic security on a global scale.

      

      
        DNA damage can last unrepaired for years, changing our view of mutations
        While most known types of DNA damage are fixed by our cells' in-house DNA repair mechanisms, some forms of DNA damage evade repair and can persist for many years, new research shows. This means that the damage has multiple chances to generate harmful mutations, which can lead to cancer.

      

      
        Could this fundamental discovery revolutionize fertilizer use in farming?
        Researchers have discovered a biological mechanism that makes plant roots more welcoming to beneficial soil microbes.

      

      
        Deep learning designs proteins against deadly snake venom
        New proteins not found in nature have now been designed to counteract certain highly poisonous components of snake venom. The deep learning, computational methods for developing these toxin-neutralizing proteins offer hope for creating safer, more cost-effective and more readily available therapeutics than those currently in use. Each year more than 2 million people suffer snakebites. More than 100,000 die, and 300,000 suffer disabling complications.

      

      
        Ancient genomes reveal an Iron Age society centred on women
        A groundbreaking study finds evidence that land was inherited through the female line in Iron Age Britain, with husbands moving to live with their wife's community. This is believed to be the first time such a system has been documented in European prehistory.

      

      
        Floating solar panels could support US energy goals
        Federal reservoirs could help meet the country's solar energy needs, according to a new study. Geospatial scientists and senior legal and regulatory analyst quantified exactly how much energy could be generated from floating solar panel projects installed on federally owned or regulated reservoirs.

      

      
        This metaphorical cat is both dead and alive -- and it will help quantum engineers detect computing errors
        Engineers have demonstrated a well-known quantum thought experiment in the real world. Their findings deliver a new and more robust way to perform quantum computations and they have important implications for error correction, one of the biggest obstacles standing between them and a working quantum computer.

      

      
        Residents of unburned homes reported health symptoms months after Marshall Fire
        Wildfires that burn homes and vehicles could expose people to dangerous airborne compounds through ash and smoke. Research has shown that people returning to their unburned homes may also experience health symptoms months after a nearby fire is extinguished. Through a survey of people affected by the 2021 Marshall Fire in Boulder, Colorado, researchers found that headaches, sore throats and coughs were frequently self-reported by residents living near burned structures.

      

      
        World's oldest 3D map discovered
        Researchers have discovered what may be the world's oldest three-dimensional map, located within a quartzitic sandstone megaclast in the Paris Basin.

      

      
        Engineering quantum entanglement at the nanoscale
        Researchers have developed a drastically smaller and more energy efficient method of creating coveted photon pairs that influence each other from any distance. The technology could transform computing, telecommunications, and sensing.

      

      
        NASA's Hubble tracks down a 'blue lurker' among stars
        The name 'blue lurker' might sound like a villainous character from a superhero movie. But it is a rare class of star that NASA's Hubble Space Telescope explored by looking deeply into the open star cluster M67, roughly 2,800 light-years away.

      

      
        Atop the Oregon Cascades, team finds a huge buried aquifer
        Scientists have mapped the amount of water stored beneath volcanic rocks at the crest of the central Oregon Cascades and found an aquifer many times larger than previously estimated -- at least 81 cubic kilometers. The finding has implications for the way scientists and policymakers think about water in the region -- an increasingly urgent issue across the Western United States as climate change reduces snowpack, intensifies drought and strains limited resources.

      

      
        DNA nanorobots can alter artificial cells
        Scientists have succeeded in controlling the structure and function of biological membranes with the help of 'DNA origami'. The system they developed may facilitate the transportation of large therapeutic loads into cells. This opens up a new way for the targeted administration of medication and other therapeutic interventions. Thus, a very valuable instrument can be added to the toolbox of synthetic biology.

      

      
        New study unveils breakthrough in understanding cosmic particle accelerators
        Scientists have come a step closer to understanding how collisionless shock waves -- found throughout the universe -- are able to accelerate particles to extreme speeds.

      

      
        Chornobyl dogs' genetic differences not due to mutation
        Radiation-induced mutation is unlikely to have induced genetic differences between dog populations in Chornobyl City and the nearby Chornobyl Nuclear Power Plant.

      

      
        X-ray flashes from a nearby supermassive black hole accelerate mysteriously
        Astronomers observed flashes of X-rays coming from a supermassive black hole at a steadily increasing clip. The source could be the core of a dead star that's teetering at the black hole's edge.

      

      
        United States dementia cases estimated to double by 2060
        A new study shows that the risk of developing dementia anytime after age 55 among Americans is 42%, more than double the risk reported by older studies.

      

      
        A fast-moving belly flop: Researchers unveil the unique skills of cricket frogs
        The way cricket frogs move across the surface of water has long been thought to resemble walking on water, but researchers have now discovered a different reality.

      

      
        New fossil discovery sheds light on the early evolution of animal nervous systems
        An international team of scientists has uncovered a fascinating piece of the evolutionary puzzle: how the ventral nerve cord, a key component of the central nervous system, evolved in ecdysozoan animals, a group that includes insects, nematodes, and priapulid worms. Their findings provide valuable insights into the origins of these structures in the basal Cambrian period.

      

      
        'What is that?' Scientists explain white patch that appears near northern lights
        A whitish, grey patch that sometimes appears in the night sky alongside the northern lights has now been explained.

      

      
        Feeding your good gut bacteria through fiber in diet may boost body against infections
        A new study has found that the composition of your gut microbiome helps predict how likely you are to succumb to potentially life-threatening infection with Klebsiella pneumoniae, E.coli and other bugs -- and it may be altered by changing your diet.

      

      
        Magma composition may drive volcanic tremor
        A new study based on the sampling and analysis of volcanic ash at Cumbre Vieja volcano in the Canary Islands, located off Africa's northwest coast, suggests that the composition of magma could drive tremors during volcanic eruptions. The findings highlight the potential of volcanic ash analysis as a monitoring and forecasting tool.

      

      
        Cleopatra's sister remains missing
        anthropologists have analyzed a skull that was found in the ruins of Ephesos (Turkey) in 1929. It was long speculated that it could be the remains of Arsino IV, the sister of the famous Cleopatra. However, the latest anthropological analyses show that the remains are those of a boy between the ages of 11 and 14 who suffered from pathological developmental disorders. His genes point to an origin in Italy or Sardinia.

      

      
        Red light linked to lowered risk of blood clots
        Humans and mice exposed to long-wavelength red light had lower rates of blood clots that can cause heart attacks, lung damage and strokes, according to research led by surgeon-scientists.

      

      
        Rapid return of water from ground to atmosphere through plants
        A new study provides the first comprehensive global estimates of the amount of water stored in Earth's plants and the amount of time it takes for that water to flow through them. The information is a missing piece of the puzzle in understanding the global water cycle and how that cycle is being altered by changes in land use and climate.

      

      
        Pet dogs often overlooked as spreader of antimicrobial-resistant Salmonella
        Antibiotic-resistant Salmonella is a serious public health concern that has increased in recent years as the bacteria have developed ways to survive drugs. According to the U.S. Centers for Disease Control and Prevention, people can get Salmonella from eating contaminated food products or from infected people or animals -- typically via unintentional contact with feces via touching hands or stroking a pet. However, researchers have found that household dogs are an overlooked transmission point fo...

      

      
        Disovery of new skeletal tissue advances regenerative medicine potential
        An international research team has discovered a new type of skeletal tissue that offers great potential for advancing regenerative medicine and tissue engineering.

      

      
        Chimpanzees are genetically adapted to local habitats and infections such as malaria
        Chimpanzees bear genetic adaptations that help them thrive in their different forest and savannah habitats, some of which may protect against malaria, according to a study by an international team.

      

      
        Storing carbon in buildings could help address climate change
        Construction materials such as concrete and plastic have the potential to lock away billions of tons of carbon dioxide, according to a new study by civil engineers and earth systems scientists. The study shows that combined with steps to decarbonize the economy, storing CO2 in buildings could help the world achieve goals for reducing greenhouse gas emissions.
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This fast and agile robotic insect could someday aid in mechanical pollination | ScienceDaily
With a more efficient method for artificial pollination, farmers in the future could grow fruits and vegetables inside multilevel warehouses, boosting yields while mitigating some of agriculture's harmful impacts on the environment.


						
To help make this idea a reality, MIT researchers are developing robotic insects that could someday swarm out of mechanical hives to rapidly perform precise pollination. However, even the best bug-sized robots are no match for natural pollinators like bees when it comes to endurance, speed, and maneuverability.

Now, inspired by the anatomy of these natural pollinators, the researchers have overhauled their design to produce tiny, aerial robots that are far more agile and durable than prior versions.

The new bots can hover for about 1,000 seconds, which is more than 100 times longer than previously demonstrated. The robotic insect, which weighs less than a paperclip, can fly significantly faster than similar bots while completing acrobatic maneuvers like double aerial flips.

The revamped robot is designed to boost flight precision and agility while minimizing the mechanical stress on its artificial wing flexures, which enables faster maneuvers, increased endurance, and a longer lifespan.

The new design also has enough free space that the robot could carry tiny batteries or sensors, which could enable it to fly on its own outside the lab.

"The amount of flight we demonstrated in this paper is probably longer than the entire amount of flight our field has been able to accumulate with these robotic insects. With the improved lifespan and precision of this robot, we are getting closer to some very exciting applications, like assisted pollination," says Kevin Chen, an associate professor in the Department of Electrical Engineering and Computer Science (EECS), head of the Soft and Micro Robotics Laboratory within the Research Laboratory of Electronics (RLE), and the senior author of an open-access paper on the new design.




Chen is joined on the paper by co-lead authors Suhan Kim and Yi-Hsuan Hsiao, who are EECS graduate students; as well as EECS graduate student Zhijian Ren and summer visiting student Jiashu Huang. The research appears today in Science Robotics.

Boosting performance

Prior versions of the robotic insect were composed of four identical units, each with two wings, combined into a rectangular device about the size of a microcassette.

"But there is no insect that has eight wings. In our old design, the performance of each individual unit was always better than the assembled robot," Chen says.

This performance drop was partly caused by the arrangement of the wings, which would blow air into each other when flapping, reducing the lift forces they could generate.

The new design chops the robot in half. Each of the four identical units now has one flapping wing pointing away from the robot's center, stabilizing the wings and boosting their lift forces. With half as many wings, this design also frees up space so the robot could carry electronics.




In addition, the researchers created more complex transmissions that connect the wings to the actuators, or artificial muscles, that flap them. These durable transmissions, which required the design of longer wing hinges, reduce the mechanical strain that limited the endurance of past versions.

"Compared to the old robot, we can now generate control torque three times larger than before, which is why we can do very sophisticated and very accurate path-finding flights," Chen says.

Yet even with these design innovations, there is still a gap between the best robotic insects and the real thing. For instance, a bee has only two wings, yet it can perform rapid and highly controlled motions.

"The wings of bees are finely controlled by a very sophisticated set of muscles. That level of fine-tuning is something that truly intrigues us, but we have not yet been able to replicate," he says.

Less strain, more force

The motion of the robot's wings is driven by artificial muscles. These tiny, soft actuators are made from layers of elastomer sandwiched between two very thin carbon nanotube electrodes and then rolled into a squishy cylinder. The actuators rapidly compress and elongate, generating mechanical force that flaps the wings.

In previous designs, when the actuator's movements reach the extremely high frequencies needed for flight, the devices often start buckling. That reduces the power and efficiency of the robot. The new transmissions inhibit this bending-buckling motion, which reduces the strain on the artificial muscles and enables them to apply more force to flap the wings.

Another new design involves a long wing hinge that reduces torsional stress experienced during the flapping-wing motion. Fabricating the hinge, which is about 2 centimeters long but just 200 microns in diameter, was among their greatest challenges.

"If you have even a tiny alignment issue during the fabrication process, the wing hinge will be slanted instead of rectangular, which affects the wing kinematics," Chen says.

After many attempts, the researchers perfected a multistep laser-cutting process that enabled them to precisely fabricate each wing hinge.

With all four units in place, the new robotic insect can hover for more than 1,000 seconds, which equates to almost 17 minutes, without showing any degradation of flight precision.

"When my student Nemo was performing that flight, he said it was the slowest 1,000 seconds he had spent in his entire life. The experiment was extremely nerve-racking," Chen says.

The new robot also reached an average speed of 35 centimeters per second, the fastest flight researchers have reported, while performing body rolls and double flips. It can even precisely track a trajectory that spells M-I-T.

"At the end of the day, we've shown flight that is 100 times longer than anyone else in the field has been able to do, so this is an extremely exciting result," he says.

From here, Chen and his students want to see how far they can push this new design, with the goal of achieving flight for longer than 10,000 seconds.

They also want to improve the precision of the robots so they could land and take off from the center of a flower. In the long run, the researchers hope to install tiny batteries and sensors onto the aerial robots so they could fly and navigate outside the lab.

"This new robot platform is a major result from our group and leads to many exciting directions. For example, incorporating sensors, batteries, and computing capabilities on this robot will be a central focus in the next three to five years," Chen says.

This research is funded, in part, by the U.S. National Science Foundation and a Mathworks Fellowship.
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Researchers make comfortable materials that generate power when worn | ScienceDaily
Researchers have demonstrated new wearable technologies that both generate electricity from human movement and improve the comfort of the technology for the people wearing them. The work stems from an advanced understanding of materials that increase comfort in textiles and produce electricity when they rub against another surface.


						
At issue are molecules called amphiphiles, which are often used in consumer products to reduce friction against human skin. For example, amphiphiles are often incorporated into diapers to prevent chafing.

"We set out to develop a model that would give us a detailed fundamental understanding of how different amphiphiles affect the surface friction of different materials," says Lilian Hsiao, corresponding author of a paper on the work and an associate professor of chemical and biomolecular engineering at North Carolina State University. "The model helps us understand the molecular basis for friction reduction and can be used by engineers to tailor a material's properties for different applications."

"We then began a series of experiments to explore whether we could use amphiphiles to modify materials and incorporate them into haptic energy harvesters," says Saad Khan, co-corresponding author and INVISTA Professor of Chemical and Biomolecular Engineering at NC State. "Specifically, we wanted to know if we could create energy from friction in amphiphile-modified materials. It turns out we could not only generate electricity, but we could do so while also reducing the friction that people wearing these materials experience."

In other words, the researchers found they could use amphiphiles to create wearable fabrics with slippery surfaces that feel good against human skin.

The researchers also found that some amphiphiles have electronic properties that allow them to "donate" electrons. And when the researchers incorporated those electron-donating amphiphiles into the wearable materials, the end result was a material that was both comfortable and capable of generating electricity through friction produced by rubbing against human skin or other materials.

"The technology for harvesting static energy is well established but devices that can be worn for long periods of time are still missing." Hsiao says. "In our proof-of-concept testing, we found these amphiphile materials not only feel good on the skin but could generate up to 300 volts, which is remarkable for a small piece of material."

"An optimal balance between friction needed to generate power and maintaining the comfort of the wearer is paramount in designing haptic technologies and amphiphile chemistry offers a facile way to do so," Khan says. "We're interested in doing more to make use of these materials, such as exploring how they can be incorporated into existing haptic devices. And we're open to working with industry partners on identifying new applications."

The paper, "Compressing Slippery Surface-Assembled Amphiphiles for Tunable Haptic Energy Harvesters," will be published Sept. 15 in the journal Science Advances. First author of the paper is Pallav Jani, a Ph.D. graduate of NC State. The paper was co-authored by Kushal Yadav, another Ph.D. student at NC State, Maryanne Derkaloustian and Charles Dhong of the University of Delaware, and by Hilmar Koerner, who leads the Polymer Matrix Composites Program at the Air Force Research Laboratory.

This work was done with support from the Nonwovens Institute under project 18-224SB; the National Science Foundation under CAREER award number 2042635; the AFRL under the Summer Faculty Fellowship Program; the Sloan Research Fellowship under grant number FG-2022-18336; the Dreyfus Foundation, under grant number TC-22-038; the National Institutes of Health under grant R01EY032584-02; and the National Eye Institute under grant 5R01EY032584-03.
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Protein protects biological nitrogen fixation from oxidative stress | ScienceDaily
A research team from the University of Freiburg led by biochemist Prof. Dr. Oliver Einsle has discovered how the "Shethna protein II" protects the nitrogen-binding enzyme nitrogenase from damage. The protein could help to make nitrogenase usable in biotechnology and thus reduce the amount of synthetic fertiliser used. The results have been published in the journal Nature.


						
A small helper for big tasks: an oxygen sensor protein protects the enzymatic machinery of biological nitrogen fixation from serious damage. Its use in biotechnology could help to reduce the use of synthetic fertiliser in agriculture in the future. A research team led by biochemist Prof. Dr Oliver Einsle from the Faculty of Chemistry and Pharmacy and the Centre for Biological Signalling Studies (BIOSS) at the University of Freiburg has discovered exactly how the so-called Shethna protein II works. The scientists used the newly established cryo-electron microscopy in Freiburg. Their results have been published in the journal Nature.

Nitrogen fertiliser is ecologically problematic

The element nitrogen is an essential component of all living organisms; in agriculture, it is often added as fertiliser to enable high yields over the long term. However, the production and application of these fertilisers is problematic in terms of energy and the environment. For years, attempts have therefore been made to transfer the natural nitrogen fixation in bacteria and archaea to crops. The enzyme nitrogenase is responsible for the binding of nitrogen. One of the most serious problems with the transfer to plants is that nitrogenase is extremely sensitive to atmospheric oxygen, which is produced by plants themselves during the process of photosynthesis.

Shethna protein II forms a complex with the enzyme nitrogenase.

Philipp Franke, Simon Freiberger and Dr. Lin Zhang from the team led by Prof. Oliver Einsle has now been able to show how a small factor, the Shethna protein II, registers an increase in oxygen concentration. It then very quickly forms a complex with the two components of the enzyme nitrogenase, which protects them from oxidative damage. In this process, the activated Shethna protein II binds the much larger nitrogenase and its associated reductase, forming long filaments with both proteins in which oxygen cannot reach the active centres of the nitrogenase. As soon as the cells overcome this oxidative stress, the complex dissolves and the enzyme can resume its work.

Use in plant cells is conceivable

Even if nitrogenase is produced directly in plant cells, it is likely that such short stress phases with increased oxygen concentrations will occur again and again. In the case of biotechnological use, the co-production of the small Shethna protein II could then help to protect the elaborately synthesised enzymes in their new environment and maintain their function in the plant cell. "The production of functioning nitrogenase in plants would initiate a paradigm shift in green biotechnology, and this small protein can make a decisive contribution to making this possible," says Einsle.
    	Prof. Dr Oliver Einsle is a professor of biochemistry at the Faculty of Chemistry and Pharmacy and a member of the Centre for Biological Signalling Studies (BIOSS) at the University of Freiburg. His research focuses on the structure, function and biogenesis of complex enzyme systems. Philipp Franke, Simon Freiberger and Dr. Lin Zhang are members of Oliver Einsle's research group.
    	The project was funded by the European Union with an ERC Advanced Grant for Prof. Dr. Oliver Einsle and by the German Research Foundation (DFG) as part of the Collaborative Research Centre 'Dynamic Organization of Cellular Protein Machineries'.
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Coyote genes may show urban evolution at work | ScienceDaily
A new study outlines the ways by which city life may be shaping the evolution of urban coyotes, the highly adaptable carnivores spotted in alleyways from Berkeley, Calif., to the Bronx, in New York.


						
Historically, evolution was thought to occur on vast chronological scales. But scientists now understand that evolution can happen within just a few generations. Urban areas offer a unique glimpse into how evolution functions on smaller timescales and how species adapt to human presence and novel environments.

Some species, like coyotes, seem particularly well suited to living alongside humans.

"Coyotes are doing really well in urban spaces," said Elizabeth Carlen, a postdoctoral fellow with the Living Earth Collaborative at Washington University in St. Louis and senior author of a study in Genome Biology and Evolution.

"Given the close evolutionary relationship between coyotes and domestic dogs, we leveraged the dog genome to think about what genes could be under selection in urban areas and how they might be changing," Carlen said.

"For coyotes in particular, the ecological differences between urban and rural individuals have been well characterized," said Samantha Kreling, a PhD candidate at the University of Washington, first author of the new study. "However, while we know that genetic and ecological differences exist, few studies have looked at specific genes or the genome regions that may be affected. In our study, we present candidate genes to investigate for adaptive evolution in urban coyotes."

The candidate gene approach involves researchers identifying particular genes of interest to sequence and compare. While whole-genome and epigenome sequencing are the gold standard for understanding evolutionary change and adaptation, these methods can be cost-prohibitive -- especially for wildlife-focused budgets, Carlen explained.




For studies with limited budgets, targeting specific candidate genes for sequencing can allow testing of hypotheses while maintaining sufficient sample sizes to have statistical power. Carlen and Kreling's new study provides examples of life history traits that may be under selection in urban coyotes as well as a list of candidate genes that have the potential to be implicated -- including genes related to diet, health, thermoregulation, behavior, cognition and reproduction.

Take, for example, the genes related to the coyote's eating habits.

While the majority of a rural coyote's diet consists of rabbits, mice and other small mammals, urban coyotes have easy access to outdoor pet food and human refuse. This likely translates into higher consumption of glucose and starches, WashU's Carlen said.

If sugar intake is sufficient to cause insulin resistance and subsequent negative health outcomes, then the genes that help regulate insulin sensitivity and production may be selected for. Likewise, urban coyotes probably need to be able to digest more starch, as seen in previous research with domestic dogs, who have increased copy numbers of AMY2B, a gene responsible for amylase production and increased starch digestion efficiency.

Living alongside humans

Coyotes are increasingly common in urban areas throughout the United States, but local population trends vary. "We do know that we're getting more coyotes on the East Coast because wolves have been displaced," Carlen said.




"In these places, we're seeing more coyotes because they're occupying the niche space that previously would have been occupied by wolves," she said. "Because if a wolf shows up in the Bronx, it's going to be killed. But coyotes can fit in."

In St. Louis, another project supported by the Living Earth Collaborative, the Forest Park Living Lab, is using motion-triggered wildlife cameras and GPS collars to study coyotes in and around Forest Park, near WashU.

In 2024, members of the local community followed along as a reporter and photographer from the St. Louis Post-Dispatch described the scientists' efforts trapping and tracking a visiting male coyote and a female mother of pups. Tracking data was supposed to be collected for one year, but unfortunately each adult coyote died within months of being released.

Studying urban coyotes is interesting and challenging, said Carlen, who has contributed to local coyote research led by partner organizations including the Saint Louis Zoo. The animals are smart and tend to want to hide from people.

"There is a lot of misplaced fear around coyotes," she said. "This is a decently large animal to be living alongside humans in our urban spaces, but I think that they are unfairly persecuted."

She hopes this study will serve as a guideline for scientists researching urban adaptation in coyotes, as well as a starting point for other urban evolutionary biologists studying other species to create their own candidate gene catalog.

"While we have seen continued growth in the field of urban evolution, research work linking specific genes to adaptation in urban regions is still relatively unexplored," Carlen said.
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This quasar may have helped turn the lights on for the universe | ScienceDaily
A Yale-led team of astronomers has detected an intensely brightening and dimming quasar that may help explain how some objects in the early universe grew at a highly accelerated rate.


						
The discovery, announced Jan. 14 at the winter meeting of the American Astronomical Society, is the most distant object detected by the NuSTAR X-ray space telescope (which launched in 2012) and stands as one of the most highly "variable" quasars ever identified.

"In this work, we have discovered that this quasar is very likely to be a supermassive black hole with a jet pointed towards Earth -- and we are seeing it in the first billion years of the universe," said Lea Marcotulli, a postdoctoral fellow in astrophysics at Yale and lead author of a new study published Jan. 14 in The Astrophysical Journal Letters.

Quasars are among the oldest, brightest objects in the universe. Formed from active galactic nuclei (AGN) -- areas at the center of galaxies where a black hole is drawing in matter -- quasars emit electromagnetic radiation that can be spotted in radio, infrared, visible, ultraviolet, X-ray, and gamma-ray wavelengths. This "visibility" has made quasars a helpful proxy for trying to understand the structure and evolution of the cosmos.

For example, astronomers look to quasars to study reionization, a period less than a billion years after the Big Bang when electrically neutral hydrogen atoms became charged and the first generation of stars lit up the universe.

"The epoch of reionization is considered the end of the universe's dark ages," said Thomas Connor, an astronomer at the Chandra X-Ray Center and co-corresponding author of the study. "The precise timeline and source class responsible for reionization are still debated, and actively accreting supermassive black holes are one proposed culprit."

For the study, the researchers compared NuSTAR observations of a distant quasar -- designated J1429+5447 -- with unrelated observations of four months earlier by the Chandra X-ray telescope. The researchers found that the quasar's X-ray emissions had doubled in that very short time (due to relativistic effects, the four months on Earth corresponded to only two weeks for the quasar).




"This level of X-ray variability, in terms of intensity and rapidity, is extreme," said Meg Urry, the Israel Munson Professor of Physics and Astronomy in Yale's Faculty of Arts and Sciences and co-author of the study. "It is almost certainly explained by a jet pointing toward us -- a cone in which particles are transported up to a million light years away from the central, supermassive black hole. Because the jet moves at nearly the speed of light, effects of Einstein's theory of special relativity speed up and amplify the variability."

The researchers said their findings offer crucial, much-needed information for astronomers studying reionization. It may also point astronomers toward other supermassive black hole candidates from the early universe.

"Finding more supermassive black holes that are potentially hosting jets raises the question as to how these black holes grew so big in such a short timescale, and what the connection may be to jet triggering mechanisms," Marcotulli said.

NASA supported the research.
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Is eating more red meat bad for your brain? | ScienceDaily
People who eat more red meat, especially processed red meat like bacon, sausage and bologna, are more likely to have a higher risk of cognitive decline and dementia when compared to those who eat very little red meat, according to a study published in the January 15, 2025, online issue of Neurology(r), the medical journal of the American Academy of Neurology.


						
"Red meat is high in saturated fat and has been shown in previous studies to increase the risk of type 2 diabetes and heart disease, which are both linked to reduced brain health," said study author Dong Wang, MD, ScD, of Brigham and Women's Hospital in Boston. "Our study found processed red meat may increase the risk of cognitive decline and dementia, but the good news is that it also found that replacing it with healthier alternatives, like nuts, fish and poultry, may reduce a person's risk."

To examine the risk of dementia, researchers included a group of 133,771 people with an average age of 49 who did not have dementia at the start of the study. They were followed up to 43 years. Of this group, 11,173 people developed dementia.

Participants completed a food diary every two to four years, listing what they ate and how often.

Researchers defined processed red meat as bacon, hot dogs, sausages, salami, bologna and other processed meat products. They defined unprocessed red meat as beef, pork, lamb and hamburger. A serving of red meat is three ounces, about the size of a deck of cards.

Researchers calculated how much red meat participants ate on average per day.

For processed red meat, they divided participants into three groups. The low group ate an average of fewer than 0.10 servings per day; the medium group ate between 0.10 and 0.24 servings per day; and the high group, 0.25 or more servings per day.




After adjusting for factors such as age, sex and other risk factors for cognitive decline, researchers found that participants in the high group had a 13% higher risk of developing dementia compared to those in the low group.

For unprocessed red meat, researchers compared people who ate an average of less than one half serving per day to people who ate one or more servings per day and did not find a difference in dementia risk.

To measure subjective cognitive decline, researchers looked at a different group of 43,966 participants with an average age of 78. Subjective cognitive decline is when a person reports memory and thinking problems before any decline is large enough to show up on standard tests.

The subjective cognitive decline group took surveys rating their own memory and thinking skills twice during the study.

After adjusting for factors such as age, sex and other risk factors for cognitive decline, researchers found that participants who ate an average of 0.25 servings or more per day of processed red meat had a 14% higher risk of subjective cognitive decline compared to those who ate an average of fewer than 0.10 servings per day.

They also found people who ate one or more servings of unprocessed red meat per day had a 16% higher risk of subjective cognitive decline compared to people who ate less than a half serving per day.




To measure objective cognitive function, researchers looked at a different group of 17,458 female participants with an average age of 74. Objective cognitive function is how well your brain works to remember, think and solve problems.

This group took memory and thinking tests four times during the study.

After adjusting for factors such as age, sex and other risk factors for cognitive decline, researchers found that eating higher processed red meat was associated with faster brain aging in global cognition with 1.61 years with each additional serving per day and in verbal memory with 1.69 years with each additional serving per day.

Finally, researchers found that replacing one serving per day of processed red meat with one serving per day of nuts and legumes was associated with a 19% lower risk of dementia and 1.37 fewer years of cognitive aging. Making the same substitution for fish was associated with a 28% lower risk of dementia and replacing with chicken was associated with a 16% lower risk of dementia.

"Reducing how much red meat a person eats and replacing it with other protein sources and plant-based options could be included in dietary guidelines to promote cognitive health," said Wang. "More research is needed to assess our findings in more diverse groups."

A limitation of the study was that it primarily looked at white health care professionals, so the results might not be the same for other race, ethnic and non-binary sex and gender populations.

The study was supported by the National Institutes of Health.
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Super-Earth vs. Sub-Neptune? The winner is Super-Venus! | ScienceDaily
New observational data from the James Webb Space Telescope and simulation models have confirmed a new type of planet unlike anything found in the Solar System. This provides another piece of the puzzle to understand how planets and planetary systems form.


						
To date, more than 5000 exoplanets have been confirmed around stars other than the Sun. Many exoplanets are unlike any of the planets in the Solar System, making it difficult to guess their true natures. One of the most common types of exoplanets falls in a size range between Earth and Neptune. Astronomers have debated whether these planets are Earth-like rocky planets with thick hydrogen-rich atmospheres, or Neptune-like icy planets surrounded by water-rich atmospheres, called water worlds. Previous studies have been confounded by layers of high thick clouds, which seem to be common on this type of planet, and make it difficult to study the atmosphere below the cloud deck.

An international team of researchers led by Everett Schlawin at the University of Arizona and Steward Observatory and Kazumasa Ohno at the National Astronomical Observatory of Japan used the James Webb Space Telescope to peer through the clouds on an example of this kind of exoplanet known as GJ 1214 b. Located only 48 light years from the Solar System, in the direction of the constellation Ophiuchus, GJ 1214 b is the easiest example of this planet to study.

Instead of a hydrogen rich super-Earth, or a water world, the new data revealed concentrations of carbon-dioxide (CO2) comparable to the levels found in the dense CO2 atmosphere of Venus in the Solar System. But there were still many uncertainties in the new data. "The detected CO2 signal from the first study is tiny, and so it required careful statistical analysis to ensure that it is real," explains Ohno. "At the same time, we needed the physical and chemical insights to extract the true nature of GJ 1214 b's atmosphere from Schlawin's study." Then Ohno took the lead, using theoretical models to run a plethora of "what if" scenarios about the atmosphere of the planet. Out of all of these models, the ones which best fit the data all suggest a carbon-dominated atmosphere, like a "super-Venus."

Although fascinating, the atmospheric signature detected in this work is very small. Schlawin compares it to reading a book, "It's equivalent to Leo Tolstoy's War and Peace. If I gave you two copies and changed one sentence in one of the books, could you find that sentence?" The team stresses the need for future studies to confirm and expand their findings about this common yet mysterious type of exoplanet.
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Not all Hot Jupiters orbit solo | ScienceDaily
Hot Jupiters are giant planets initially known to orbit alone close to their star. During their migration towards their star, these planets were thought to accrete or eject any other planets present. However, this paradigm has been overturned by recent observations, and the final blow could come from a new study led by the University of Geneva (UNIGE). A team including the National Centre of Competence in Research (NCCR) PlanetS, the Universities of Bern (UNIBE) and Zurich (UZH) and several foreign universities has just announced the existence of a planetary system, WASP-132, with an unexpected architecture. It not only contains a Hot Jupiter but also an inner Super-Earth and an icy giant planet. These results are published in Astronomy & Astrophysics.


						
Hot Jupiters are planets with masses similar to that of Jupiter, but orbit close to their star, at a much smaller distance than Mercury is to the Sun. It is difficult for these giant planets to form where they are observed, because there is not enough gas and dust close to the star. They must therefore form far from it and migrate as the planetary system evolves.

Until recently, astronomers observed that Hot Jupiters were isolated around their star, with no other planets in their vicinity. This observation seemed all the more solid as there was a theory to explain it. The processes involved in the migration of giant planets towards their star lead to the accretion or ejection of any planets in an inner orbit. But recent observations suggest other scenarios.

A team led by the Astronomy Department of the UNIGE Faculty of Science, in partnership with UNIBE and UZH, as part of the NCCR PlanetS, and with other international institutions such as the University of Warwick, has just confirmed this trend. The scientists have discovered the existence of a multi-planetary system made up of a Hot Jupiter, an inner Super-Earth (even closer to the star than the hot Jupiter) and an outer massive giant planet (much further away from the star than the Hot Jupiter). If Hot Jupiters are not always alone in their planetary system, then their migration process must be different in order to preserve the architecture of the system.

A unique multi-planetary system

The WASP-132 system is a unique multi-planetary system. It contains a Hot Jupiter that orbits its star in 7 days and 3 hours; a Super-Earth (a rocky planet 6 times the mass of the Earth) that orbits the star in just 24 hours and 17 minutes; and a giant planet (5 times the mass of Jupiter) that orbits the host star in 5 years. In addition, a much more massive companion, probably a brown dwarf (a celestial body whose mass is between that of a planet and that of a star), orbits at a very long distance.

''The WASP-132 system is a remarkable laboratory for studying the formation and evolution of multi-planetary systems. The discovery of a Hot Jupiter alongside an inner Super-Earth and a distant giant planet calls into question our understanding of the formation and evolution of these systems,'' says Francois Bouchy, associate professor in the Department of Astronomy at the UNIGE Faculty of Science and co-author of the study. ''This is the first time we have observed such a configuration!,'' adds Solene Ulmer-Moll, a postdoctoral researcher at UNIGE and UNIBE at the time of the study and co-author of the paper.




Eighteen years of observation

For exoplanetologists, the story of the star WASP-132 began in 2006, as part of the Wide-Angle Search for Planets (WASP) program. In 2012, the accumulation of more than 23,000 photometric measurements made it possible to identify a planetary candidate, WASP-132b, with a radius of 0.87 times Jupiter's and an orbital period of 7.1 days. In 2014, the CORALIE spectrograph, installed on the Swiss Euler telescope and led by the UNIGE, began a campaign to monitor this candidate. In 2016, WASP-132b was confirmed and its mass was measured to be equal to 0.41 Jupiter masses. Furthermore the CORALIE measurements indicate the presence of another giant planet with a very long period.

Around the same star, at the end of 2021, the TESS space telescope revealed the signal from a transiting Super-Earth with a diameter of 1.8 Earth radii and a period of only 1.01 days. In the first half of 2022, the HARPS spectrograph at the La Silla observatory measured the mass of this Super-Earth, which is six times the mass of Earth, as part of a program led by David Armstrong from the University of Warwick.

''The detection of the inner Super-Earth was particularly exciting,'' explains Nolan Grieves, a postdoctoral researcher in the Department of Astronomy at the UNIGE Faculty of Science at the time of the study, and first author of the paper. ''We had to carry out an intensive campaign using HARPS and optimised signal processing to characterise its mass, density and composition, revealing a planet with a density similar to that of the Earth''.

Observations of WASP-132 are not over yet, however, as ESA's Gaia satellite has been measuring the minute variations in the positions of stars since 2014, with an aim to reveal their planetary companions and outer brown dwarfs.

A new understanding of planet formation

The discovery of an outer cold giant planet and an inner Super-Earth adds another layer of complexity to the WASP-132 system. The standard hypothesis of migration by dynamical perturbation of the Hot Jupiter towards the interior does not hold, as this would have destabilised the orbits of the other two planets. Instead, their presence suggests a more stable and dynamically ''cool'' migration path in a proto-planetary disc for the hot Jupiter, preserving its neighbours.

The combination of precise radius and mass measurements has also made it possible to determine the density and internal composition of the planets. The Hot Jupiter WASP-132b reveals a heavy element enrichment of around 17 Earth masses, in agreement with models of gas giant formation. The Super-Earth has a composition dominated by metals and silicates that is fairly similar to that of the Earth.

''The combination of a Hot Jupiter, an inner Super-Earth and an outer giant planet in the same system provides important constraints on theories of planet formation and in particular their migration processes,'' concludes Ravit Helled, professor at the UZH and co-author of the study. ''WASP-132 demonstrates the diversity and complexity of multi-planetary systems, underlining the need for very long-term, high-precision observations.''
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Octopus arms have segmented nervous systems to power extraordinary movements | ScienceDaily
Octopus arms move with incredible dexterity, bending, twisting, and curling with nearly infinite degrees of freedom. New research from the University of Chicago revealed that the nervous system circuitry that controls arm movement in octopuses is segmented, giving these extraordinary creatures precise control across all eight arms and hundreds of suckers to explore their environment, grasp objects, and capture prey.


						
"If you're going to have a nervous system that's controlling such dynamic movement, that's a good way to set it up," said Clifton Ragsdale, PhD, Professor of Neurobiology at UChicago and senior author of the study. "We think it's a feature that specifically evolved in soft-bodied cephalopods with suckers to carry out these worm-like movements."

The study, "Neuronal segmentation in cephalopod arms," was published January 15, 2025, in Nature Communications.

Each octopus arm has a massive nervous system, with more neurons combined across the eight arms than in the animal's brain. These neurons are concentrated in a large axial nerve cord (ANC), which snakes back and forth as it travels down the arm, every bend forming an enlargement over each sucker.

Cassady Olson, a graduate student in Computational Neuroscience who led the study, wanted to analyze the structure of the ANC and its connections to musculature in the arms of the California two-spot octopus (Octopus bimaculoides), a small species native to the Pacific Ocean off the coast of California. She and her co-author Grace Schulz, a graduate student in Development, Regeneration and Stem Cell Biology, were trying to look at thin, circular cross-sections of the arms under a microscope, but the samples kept falling off the slides. They tried lengthwise strips of the arms and had better luck, which led to an unexpected discovery.

Using cellular markers and imaging tools to trace the structure and connections from the ANC, they saw that neuronal cell bodies were packed into columns that formed segments, like a corrugated pipe. These segments are separated by gaps called septa, where nerves and blood vessels exit to nearby muscles. Nerves from multiple segments connect to different regions of muscles, suggesting the segments work together to control movement.

"Thinking about this from a modeling perspective, the best way to set up a control system for this very long, flexible arm would be to divide it into segments," Olson said. "There has to be some sort of communication between the segments, which you can imagine would help smooth out the movements."

Nerves for the suckers also exited from the ANC through these septa, systematically connecting to the outer edge of each sucker. This indicates that the nervous system sets up a spatial, or topographical, map of each sucker. Octopuses can move and change the shape of their suckers independently. The suckers are also packed with sensory receptors that allow the octopus to taste and smell things that they touch -- like combining a hand with a tongue and a nose. The researchers believe the "suckeroptopy," as they called the map, facilitates this complex sensory-motor ability.




To see if this kind of structure is common to other soft-bodied cephalopods, Olson also studied longfin inshore squid (Doryteuthis pealeii), which are common in the Atlantic Ocean. These squid have eight arms with muscles and suckers like an octopus, plus two tentacles. The tentacles have a long stalk with no suckers, with a club at the end that does have suckers. While hunting, the squid can shoot the tentacles out and grab prey with the sucker-equipped clubs.

Using the same process to study long strips of the squid tentacles, Olson saw that the ANC in the stalks with no suckers are not segmented, but the clubs at the end are segmented the same way as the octopus. This suggests that a segmented ANC is specifically built for controlling any type of dexterous, sucker-laden appendage in cephalopods. The squid tentacle clubs have fewer segments per sucker, however, likely because they do not use the suckers for sensation the same way octopuses do. Squid rely more on their vision to hunt in the open water, whereas octopuses prowl the ocean floor and use their sensitive arms as tools for exploration.

While octopuses and squid diverged from each other more than 270 million years ago, the commonalities in how they control parts of their appendages with suckers -- and differences in the parts that don't -- show how evolution always manages to find the best solution.

"Organisms with these sucker-laden appendages that have worm-like movements need the right kind of nervous system," Ragsdale said. "Different cephalopods have come up with a segmental structure, the details of which vary according to the demands of their environments and the pressures of hundreds of millions of years of evolution."
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Memory systems in the brain drive food cravings that could influence body weight | ScienceDaily
Can memory influence what and how much we eat? A groundbreaking Monell Chemical Senses Centerstudy, which links food memory to overeating, answered that question with a resounding "Yes." Led by Monell Associate Member Guillaume de Lartigue, PhD, the research team identified, for the first time, the brain's food-specific memory system and its direct role in overeating and diet-induced obesity.


						
Published in Nature Metabolism, they describe a specific population of neurons in the mouse brain that encode memories for sugar and fat, profoundly impacting food intake and body weight. "In today's world, we are constantly bombarded with advertisements and environmental triggers designed to remind us of pleasurable food experiences," said Dr. de Lartigue. "What's surprising is that we've pinpointed a specific population of neurons in the hippocampusthat not only forms these food-related memories but also drives our eating behavior. This connection could have significant implications for body weight and metabolic health."

These neurons encode memories of the spatial location of nutrient-rich foods, acting as a "memory trace," particularly for sugar and fat. Silencing these neurons impairs an animal's ability to recall sugar-related memories, reduces sugar consumption, and prevents weight gain, even when animals are exposed to diets that contribute to excessive weight gain. Conversely, reactivating these neurons enhances memory for food, increasing consumption and demonstrating how food memories influence dietary behavior.

These findings introduce two new concepts: first, evidence that specific neurons in the brain store food-related memories, and second, that these memories directly impact food intake. "While it's no surprise that we remember pleasurable food experiences, it was long assumed that these memories had little to no impact on eating behavior," said Dr. de Lartigue. "What's most surprising is that inhibition of these neurons prevents weight gain, even in response to diets rich in fat and sugar."

Memory's Underappreciated Role 

Memory is often overlooked as a key driver of food intake, but this study demonstrates a direct link between memory and metabolism. What sets this discovery apart from other studies related to memory is its implications for understanding metabolic health. Deleting sugar-responsive neurons in the hippocampus of the animals not only disrupts memory but also reduces sugar intake and protects against weight gain, even when animals are exposed to high-sugar diets. This highlights a direct link between certain brain circuits involved in memory and metabolic health, which has been largely overlooked in the field of obesity research.

"Memory systems in the hippocampus evolved to help animals locate and remember food sources critical for survival," said first author Mingxin Yang, a University of Pennsylvania doctoral student in the de Lartigue lab. "In modern environments, where food is abundant and cues are everywhere, these memory circuits may drive overeating, contributing to obesity."

Specific, Yet Independent Circuits




Another key discovery is that food-related memories are highly specific. Sugar-responsive neurons encode and influence only sugar-related memories and intake, while fat-responsive neurons impact only fat intake. These neurons do not affect other types of memory, such as spatial memory for non-food-related tasks.

"The specificity of these circuits is fascinating," said de Lartigue. "It underscores how finely tuned the brain is for linking food to behavior, ensuring animals can differentiate between various nutrient sources in their environment." We have separate types of neurons that encode memory for foods rich in fat versus memory for foods rich in sugar. These separate systems presumably evolved because foods in nature rarely contain both fat and sugar, surmise the authors.

Implications for Treating Obesity 

The study's findings open new possibilities for addressing overeating and obesity. By targeting hippocampal memory circuits, it may be possible to disrupt the memory triggers that drive consumption of unhealthy, calorie-dense foods.

"These neurons are critical for linking sensory cues to food intake," said Dr. de Lartigue. "Their ability to influence both memory and metabolism makes them promising targets for treating obesity in today's food-rich world."

This collaborative study was conducted with colleagues from the University of Pennsylvania and the University of Southern California and was supported by the National Institutes of Health and the American Heart Association.
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Protein shapes can help untangle life's ancient history | ScienceDaily
The three-dimensional shape of a protein can be used to resolve deep, ancient evolutionary relationships in the tree of life, according to a study in Nature Communications. 


						
It is the first time researchers use data from protein shapes and combine it with data from genomic sequences to improve the reliability of evolutionary trees, a critical resource used by the scientific community for understanding the history of life, monitor the spread of pathogens or create new treatments for disease.

Crucially, the approach works even with the predicted structures of proteins that have never been experimentally determined. It has implications for the massive amount of structural data being generated by tools like AlphaFold 2 and help open new windows into the ancient history of life on Earth.

There are 210 thousand experimentally determined protein structures but 250 million known protein sequences. Initiatives like the EarthBioGenome project could generate billions more protein sequences in the next few years. The abundance of data opens the door to applying the approach on an unprecedented scale.

For many decades, biologists have been reconstructing evolution by tracing how species and genes diverge from common ancestors. These phylogenetic or evolutionary trees are traditionally built by comparing DNA or protein sequences and counting the similarities and differences to infer relationships.

However, researchers face a significant hurdle -- a problem known as saturation. Over vast timescales, genomic sequences can change so much that they no longer resemble their ancestral forms, erasing signals of shared heritage.

"The issue of saturation dominates phylogeny and represents the main obstacle for the reconstruction of ancient relationships," says Dr. Cedric Notredame, researcher at the Centre for Genomic Regulation (CRG) and lead author of the study. "It's like the erosion of an ancient text. The letters become indistinct, and the message is lost."

To overcome this challenge, the research team turned to the physical structures of proteins. Proteins fold into complex shapes that determine a cell's function. These shapes are more conserved over evolutionary time than the sequences themselves, meaning they change more slowly and retain ancestral features for longer.




The shape of a protein is dictated by its amino acid sequence. While sequences may mutate, the overall structure often remains similar to preserve function. The researchers hypothesised they could gauge how much the structures diverge over time by measuring the distance between pairs of amino acids within a protein, also known as intra-molecular distances (IMDs).

The study compiled a massive dataset of proteins with known structures, covering a wide range of species. They calculated the IMDs for each protein and used these measurements to construct phylogenetic trees.

They found that trees built from structural data closely matched those derived from genetic sequences, but with a crucial advantage: the structural trees were less affected by saturation. This means they retained reliable signals even when genetic sequences had diverged significantly.

Recognising that both sequences and structures offer valuable insights, the team developed a combined approach which not only improved the reliability of the tree branches but also helped distinguish between correct and incorrect relationships.

"It's akin to having two witnesses describe an event from different angles," explains Dr. Leila Mansouri, coauthor of the study. "Each provides unique details, but together they give a fuller, more accurate account."

One practical example where the combined approach could make a significant impact is in understanding the relationships among kinases in the human genome. Kinases are proteins involved in many different important cellular functions.




"The genome of most mammals, including humans, contains about 500 protein kinases that regulate most aspects of our biology," says Dr. Notredame. "These kinases are major targets for cancer therapy, for example drugs like imatinib for humans or toceranib for dogs."

Human kinases have arisen through duplications occurring over the last billion years. "Within the human genome, the most distantly related kinases are about a billion years apart," says Dr. Notredame. "They duplicated in the common ancestor of the common ancestor of our common ancestor."

This vast timescale involved makes it incredibly difficult to build accurate gene trees that show how all these kinases are related. "Yet, as imperfect as it may be, the kinase evolutionary tree is widely used to understand how it interacts with other drugs. Improving this tree, or improving trees of other important protein families, would be an important advance for human health," adds Dr. Notredame.

The potential applications of the work go beyond cancer. Using the approach to create more accurate evolutionary trees could also improve our understanding of how diseases evolve more generally, aiding in the development of vaccines and treatments. They can also help shed light on the origins of complex traits, guide the discovery of new enzymes for biotechnology, and even help trace the spread of species in response to climate change.
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Three tiny 'stellar-ghost-town' galaxies discovered | ScienceDaily
By combining data from the DESI Legacy Imaging Surveys and the Gemini South telescope, astronomers have investigated three ultra-faint dwarf galaxies that reside in a region of space isolated from the environmental influence of larger objects. The galaxies, located in the direction of NGC 300, were found to contain only very old stars, supporting the theory that events in the early Universe cut star formation short in the smallest galaxies.


						
Ultra-faint dwarf galaxies are the faintest type of galaxy in the Universe. Typically containing just a few hundred to a thousand stars -- compared with the hundreds of billions that make up the Milky Way -- these small diffuse structures usually hide inconspicuously among the many brighter residents of the sky. For this reason, astronomers have previously had the most luck finding them nearby, in the vicinity of our own Milky Way Galaxy.

But this presents a problem for understanding them; the Milky Way's gravitational forces and hot corona can strip away the dwarf galaxies' gas and interfere with their natural evolution. Additionally, further out beyond the Milky Way, ultra-faint dwarf galaxies increasingly become too diffuse and unresolvable for astronomers and traditional computer algorithms to detect.

That's why a manual, by-eye search by University of Arizona astronomer David Sand was needed to discover three faint and ultra-faint dwarf galaxies located in the direction of spiral galaxy NGC 300 and the Sculptor constellation. "It was during the pandemic," recalls Sand. "I was watching TV and scrolling through the DESI Legacy Survey viewer, focusing on areas of sky that I knew hadn't been searched before. It took a few hours of casual searching, and then boom! They just popped out."

The images uncovered by Sand were taken for the DECam Legacy Survey (DECaLS), one of three public surveys, known as the DESI Legacy Imaging Surveys [1], that jointly imaged 14,000 square degrees of sky to provide targets for the ongoing Dark Energy Spectroscopic Instrument (DESI) Survey. DECals was conducted using the 570-megapixel Department of Energy-fabricated Dark Energy Camera (DECam), mounted on the U.S. National Science Foundation (NSF) Victor M. Blanco 4-meter Telescope at Cerro Tololo Inter-American Observatory (CTIO) in Chile, a Program of NSF NOIRLab.

The Sculptor galaxies, as they are referred to in the paper, are among the first ultra-faint dwarf galaxies found in a pristine, isolated environment free from the influence of the Milky Way or other large structures. To investigate the galaxies further, Sand and his team used the Gemini South telescope, one half of the International Gemini Observatory, partly funded by the NSF and operated by NSF NOIRLab. The results from their study are presented in a paper appearing in The Astrophysical Journal Letters, as well as at a press conference at the AAS 245 meeting in National Harbor, Maryland.

Gemini South's Gemini Multi-Object Spectrograph (GMOS) captured all three galaxies in exquisite detail. An analysis of the data showed that they appear to be empty of gas and contain only very old stars, suggesting that their star formation was stifled a long time ago. This bolsters existing theories that ultra-faint dwarf galaxies are stellar 'ghost towns' where star formation was cut off in the early Universe.




This is exactly what astronomers would expect for such tiny objects. Gas is the crucial raw material required to coalesce and ignite the fusion of a new star. But ultra-faint dwarf galaxies just have too little gravity to hold onto this all-important ingredient, and it is easily lost when they are buffeted by the dynamic Universe they are part of.

But the Sculptor galaxies are far from any larger galaxies, meaning their gas could not have been removed by giant neighbors. An alternative explanation is an event called the Epoch of Reionization -- a period not long after the Big Bang when high-energy ultraviolet photons filled the cosmos, potentially boiling away the gas in the smallest galaxies. Another possibility is that some of the earliest stars in the dwarf galaxies underwent energetic supernova explosions, emitting ejecta at up to 35 million kilometers per hour (about 20 million miles per hour) and pushing the gas out of their own hosts from within.

If reionization is responsible, these galaxies would open a window into studying the very early Universe. "We don't know how strong or uniform this reionization effect is," explains Sand. "It could be that reionization is patchy, not occurring everywhere all at once. We've found three of these galaxies, but that isn't enough. It would be nice if we had hundreds of them. If we knew what fraction was affected by reionization, that would tell us something about the early Universe that is very difficult to probe otherwise."

"The Epoch of Reionization potentially connects the current day structure of all galaxies with the earliest formation of structure on a cosmological scale," says Martin Still, NSF program director for the International Gemini Observatory. "The DESI Legacy Surveys and detailed follow-up observations by Gemini allow scientists to perform forensic archeology to understand the nature of the Universe and how it evolved to its current state."

To speed up the search for more ultra-faint dwarf galaxies, Sand and his team are using the Sculptor galaxies to train an artificial intelligence system called a neural network to identify more. The hope is that this tool will be able to automate and accelerate discoveries, offering a much vaster dataset from which astronomers can draw stronger conclusions.

Notes

[1] The DESI Legacy Imaging Surveys data are served to the astronomical community via the Astro Data Lab at NSF NOIRLab's Community Science and Data Center (CSDC).
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Engineers develop breakthrough method for aluminum surfaces, enabling advancements in cooling, self-cleaning and anti-icing technologies | ScienceDaily
An international team of engineers has developed an innovative, scalable method for creating topography-patterned aluminum surfaces, enhancing liquid transport properties critical for applications in electronics cooling, self-cleaning technologies and anti-icing systems. The research, published recently in Langmuir and conducted by groups at Rice University and the University of Edinburgh as part of the Rice-Edinburgh Strategic Collaboration Awards program, demonstrates how cost-effective vinyl masking techniques can produce surfaces with high-resolution wettability contrast, paving the way for improved phase-change heat transfer applications.


						
The research team developed a novel technique using blade-cut vinyl masking and commercially available lacquer resin combined with scalable physical and chemical surface treatments to create patterned aluminum surfaces. These surfaces exhibit distinct wettability contrasts, significantly improving the droplet shedding during condensation. The patterns, with feature sizes as small as 1.5 mm, offer a range of wettability behaviors -- from superhydrophobic to hydrophilic -- depending on the treatment.

"This method represents an important step in tailored surface engineering," said Daniel J. Preston, assistant professor of mechanical engineering at Rice and a co-corresponding author of the paper along with Geoff Wehmeyer, assistant professor of mechanical engineering at Rice, and Daniel Orejon from the University of Edinburgh. "By enabling precise control over surface wettability and thermal properties, we are opening new doors for scalable manufacturing of advanced heat transfer surfaces."

The research employed a multistep methodology to develop and analyze the patterned aluminum surfaces. Vinyl masks were first applied to polished aluminum substrates, followed by a two-step etching process that created micro- and nanotextured zones. The team then used advanced imaging techniques to characterize the patterns' resolution and wettability properties. To evaluate performance, condensation visualization experiments demonstrated enhanced droplet shedding on the patterned surfaces compared to homogeneous ones. Additionally, thermal emissivity mapping using infrared thermography revealed significant contrasts in emissivity between smooth and textured regions, highlighting the surfaces' potential for advanced thermal management applications.

"Aluminum is widely used in thermal management devices like heat exchangers due to its high conductivity, low density and low cost," said Wehmeyer. "Our method adds a new dimension to its functionality by integrating surface patterning that is both cost-effective and scalable, allowing engineers to fine-tune the condensation heat transfer. This work brought together expertise from Edinburgh and Rice to develop and characterize these advanced surfaces."

The findings have significant implications for industries that depend on phase-change heat transfer with applications in everyday technologies. In electronics cooling, enhanced droplet shedding reduces thermal resistances associated with large droplets during condensation, which could enable new cooling strategies for data center servers or other electronic devices that rely on effective heat dissipation to prevent overheating. Tailored thermal emissivity patterns optimize heat dissipation in high-temperature environments, benefiting systems such as automotive engines and aerospace components. Additionally, superhydrophobic regions expedite water removal, preventing ice formation on critical surfaces like airplane wings, wind turbines and power lines during freezing conditions. These advancements offer practical solutions to enhance the performance and reliability of technologies people use and depend on every day.

"Traditional methods like photolithography are typically expensive and limited to small areas," Preston said. "Our technique uses affordable, accessible materials to create intricate patterns on larger surfaces, making it suitable for industrial applications and a promising technique for designing next-generation condensers and heat exchangers."

The lead authors on the work are Trevor Shimokusu (Rice mechanical engineering doctoral graduate, now a faculty member at the University of Hawaii) and Hemish Thakkar (Rice graduate with a double major in chemistry and mechanical engineering, now a doctoral student at Princeton University).

This work was supported by the Rice-Edinburgh Strategic Collaboration Award program, a NASA Space Technology Graduate Research Opportunities award and grants from the National Science Foundation.
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Songbirds socialize on the wing during migration | ScienceDaily
The night sky teems with migrating songbirds, aloft in their millions following routes etched in evolutionary time. But those flight paths may not be entirely innate, according to new research led by the University of Illinois Urbana-Champaign. Evidence from over 18,300 hours of recorded flight calls suggests songbirds may "talk" to other species as they migrate, forming social connections and -- just maybe -- exchanging information about the journey.


						
"We can't be sure what they're saying, but birds might broadcast calls during flight to signal their species, age, and sex. And we can certainly speculate that these flight calls could relate to navigation or finding suitable stopover habitat," said lead study author Benjamin Van Doren, assistant professor in the Department of Natural Resources and Environmental Sciences, part of the College of Agricultural, Consumer and Environmental Sciences at Illinois. Van Doren began this research at the Cornell Lab of Ornithology.

Work from last year by the study's co-authors at the University of Maryland Center for Environmental Science, Appalachian Laboratory suggested birds "buddy up" with other species at stopover sites during migration, but there was no evidence until now that different songbird species pair up or communicate vocally on the wing. Although Van Doren believes innate patterning and memory are still important drivers of migration behaviors, he says it's time to rethink songbird migration through a social lens.

"In recent years, there has been an increasing recognition of the importance of social information in bird migration, but scientists have mainly documented this in species that travel during the day or in family groups," he said. "The social environment also seems to be important in species like hawks and storks that form huge aggregations during their daytime migrations. Young birds learn behaviors from observing other birds and how they navigate -- and not necessarily from family."

But those visual cues go dark at night, when most songbirds travel. That's what led Van Doren to wonder about other social cues. Fortunately, he had access to acoustic recordings of autumn nocturnal bird migrations from 26 sites over three years in eastern North America.

"These nocturnal acoustic recordings are really the only window onto this unseen but absolutely massive flow of birds -- hundreds of millions aloft over the U.S. on any given night during migration," Van Doren said. "It's something people aren't usually aware of because it happens when we're sleeping."

The 18,300-hour acoustic record would have been a processing and analytical nightmare before AI. Now, a machine learning tool allowed Van Doren's team to quickly detect the signature flight calls of 27 species, including 25 well-sampled songbirds.




After identifying species, the team measured how often certain calls co-occurred in time, testing intervals of 15, 30, and 60 seconds. Regardless of the time interval, they found stronger associations between species than expected by chance alone.

Looking to explain these associations, the found species' wing lengths and the similarity of their calls were the most important factors. In contrast, birds that "buddy up" during stopovers weren't maintaining those relationships in the air, and they weren't necessarily flying with closely related species or birds that shared their preferences for specific habitats.

"Species with similar wing sizes were more likely to associate, and wing length is directly linked to flight speed. If you imagine two species flying at similar speeds because they have similar wings, then it's much easier for them to stick together," Van Doren said. "As for vocalizations, it is possible that species' calls have converged over time because of this social link or that species that happen to give similar calls are simply more likely to gravitate towards each other."

Van Doren notes that 25 is a small subset of the songbird species migrating at night, some of which don't vocalize at all during flight. He and his team plan to follow up with more research, including attaching tiny microphones to individual birds and tracking their "conversations" with flight partners throughout their migrations.

Still, these preliminary results raise many intriguing, if speculative, notions. For example, short-lived songbird species who can't rely on their parents to show them the way may instead rely on social ties with others to make the trek. Also, the precipitous loss of bird biodiversity with climate change and habitat loss may jeopardize partner species that co-migrate.

"This study really calls into question the long-held idea that songbirds migrate alone, solely following their own instincts," Van Doren said. "Learning more about the consequences of these social connections -- not only for migration, but also for other aspects of their biology -- will be important to inform and manage the risks they face in a changing world."
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Sensor tech and water filtration: Graphene made permeable for ions | ScienceDaily
Graphene is an extremely thin, flexible and resistant material made of pure carbon. It forms layers that consist of virtually a single layer of carbon atoms. To make graphene as thick as a human hair, thousands of such layers would have to be stacked on top of each other.


						
Many researchers are working intensively on graphene. There is a good reason for this, as the special properties of the material promise new applications, for example in electronics or energy technology.

Making Graphene Permeable to Other Molecules

It is particularly interesting for scientists to be able to control the permeability of graphene for different substances: 'So-called defects can be created in the carbon lattice of graphene. These can be thought of as small holes that make the lattice permeable to gases,' says chemistry professor Frank Wurthner from Julius-Maximilians-Universitat (JMU) Wurzburg in Bavaria, Germany.

Permeability to other substances, such as ions like fluoride, chloride or bromide, has not yet been observed. 'However, this would be of fundamental scientific interest for applications such as the desalination of water, the detection or purification of mixtures of substances,' explains the Wurzburg professor.

Defect Allows Ions to Pass Through: Publication in Nature

For the first time, a team led by Frank Wurthner has now created a model system with a defect that allows the halides fluoride, chloride and bromide to pass through, but not iodide. This was achieved in a stable double layer consisting of two nanographenes that encloses a cavity. The penetrated halide ions are bound in this cavity so that the time required for entry could be measured. The results have been published in the journal Nature.




Chloride is a component of common salt, is found in seawater and plays an important role in life processes in all organisms. 'The proof of a high permeability for chloride by single-layer nanographene and a selective binding of halides in a double-layer nanographene brings some applications closer,' says Dr Kazutaka Shoyama, who initiated and led the project together with Frank Wurthner. Such applications include water filtration membranes, artificial receptors and chloride channels.

Larger Stacks of Nanographenes are the Next Goal

In the next step, the Wurzburg chemists want to build larger stacks of their nanographenes. They want to use them to investigate the flow of ions -- and thus a process that also takes place in a similar form in biological ion channels.

This research was carried out at the Institute of Organic Chemistry and the Center for Nanosystems Chemistry at JMU. The work was funded by the German Research Foundation (DFG) as part of two grants for the development of nanographenes equipped with imide groups.
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Bird flu is mutating, but antivirals still work | ScienceDaily
One of the earliest strains of bird flu isolated from a human in Texas shows a unique constellation of mutations that enable it to more easily replicate in human cells and cause more severe disease in mice compared to a strain found in dairy cattle, researchers from Texas Biomedical Research Institute (Texas Biomed) report in Emerging Microbes & Infections.


						
The finding highlights a key concern about the H5N1 strains of bird flu currently circulating in the U.S.: the speed at which the virus can mutate when introduced to a new host.

Naturally found in wild birds and lethal in chickens, H5N1 has spread to a wide variety of mammals and began infecting dairy cows for the first time in spring 2024. As of early 2025, the outbreak had spread through herds across multiple states in the U.S. and infected dozens of people, mostly farm workers. So far, most people infected experience mild illness and eye inflammation and the virus is not spreading between people. The first H5N1 death in the U.S. was reported in January 2025 following exposure to infected chickens.

"The clock is ticking for the virus to evolve to more easily infect and potentially transmit from human to human, which would be a concern," said Texas Biomed Professor Luis Martinez-Sobrido, Ph.D., whose lab specializes in influenza viruses and has been studying H5N1 since the outbreak began last year. The team has developed specialized tools and animal models to test prophylactic vaccines and therapeutic antivirals.

Human vs. bovine

In the recent study, they compared H5N1 strains isolated from a human patient and from dairy cattle in Texas.

"There are nine mutations in the human strain that were not present in the bovine strain, which suggests they occurred after human infection," Dr. Martinez-Sobrido said.




In mouse studies, they found that compared to the bovine strain, the human strain replicated more efficiently, caused more severe disease and was found in much higher quantities in brain tissue. They also tested several FDA-approved antiviral medications to see if they were effective against both virus strains in cells.

"Fortunately, the mutations did not affect the susceptibility to FDA-approved antivirals," said Staff Scientist Ahmed Mostafa Elsayed, Ph.D., first author of the study.

Antivirals will be a key line of defense should a pandemic occur before vaccines are widely available, Dr. Martinez-Sobrido said. This is especially true since humans have no preexisting immunity against H5N1 and seasonal flu vaccines appear to offer very limited protection, according to a separate study conducted in collaboration with Aitor Nogales, Ph.D., at the Center for Animal Health Research in Spain.

Next steps and recommendations

Texas Biomed is now exploring the human H5N1 mutations individually to determine which are responsible for increased pathogenicity and virulence. The team wants to figure out what allows H5N1 to infect such a wide range of mammal species; why H5N1 causes mild disease in cows but is lethal in cats; and why infections via cows are less harmful to people than infections from chickens.

In a third paper, Dr. Elsayed and collaborators analyzed the history of H5N1 in dairy cattle for the journal mBio and called for a One Health approach to protect both animals and people.

"A key priority will be to eradicate bird flu from dairy cows to minimize risk of mutations and transmission to people and other species," Dr. Elsayed said. "Steps that can be taken now include thorough decontamination of milking equipment and more stringent quarantine requirements, which will help eliminate the virus more quickly in cows."
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Researchers identify three psychological profiles that could determine the evolution of mental, cognitive and brain health in aging | ScienceDaily

According to the research team, the results highlight "the need for comprehensive psychological assessments of patients to identify different psychological profiles and thus enable more specific and individually tailored behaviour change strategies to be implemented."

The study is led by David Bartres-Faz, a researcher at the Faculty of Medicine and Health Sciences and the Institute of Neurosciences (UBneuro) of the University of Barcelona. He is also a member of the August Pi i Sunyer Biomedical Research Institute (IDIBAPS) and principal researcher at the Institut Guttmann Barcelona Brain Health Initiative (BBHI), which aims to find and understand how to maintain the brain's health.

Risk and protective factors for cognitive decline

Recent studies identified psychological characteristics that may be associated with increased risk or protection against cognitive decline, neurodegeneration and clinical dementia. For example, having repetitive negative thoughts, a tendency to experience distress and perceived stress are associated with more risk, while having a sense of purpose in life or self-reflection would be protective factors against such decline.

In this study, conducted on data from more than 1,000 volunteers of the BBHI and the Medit-Ageing international study, the research team examined whether these factors -- protective and risk factors -- combine in similar psychological profiles in two independent cohorts of middle-aged adults and older people without cognitive impairment.

Bartres-Faz stresses that "to date, psychological risk and protective factors have been examined almost exclusively independently: this approach is limiting, as psychological characteristics do not exist in isolation."

The team then analysed how belonging to each of these profiles is related to indicators of mental health, cognition, lifestyle and brain integrity -- measured by cortical thickness -- as well as cognitive evolution and brain atrophy over time. "The aim was to elucidate how various combinations of psychological characteristics are related to mental, cognitive and brain health," notes the UB and Gutmann Institut researcher.




Mental and cognitive health implications

The results show that having a "well-balanced" psychological profile, with moderately high protective factors and moderately low-risk factors, is associated with better cognitive and mental health in all indicators measured. "These associations were observed in all age groups studied, which reinforces the relevance of considering the balance of a wide range of psychological aspects as determinants of mental, cognitive and brain health in adulthood and older age," says Bartres-Faz.

On the other hand, a psychological profile with low levels of protective characteristics -- such as a sense of purpose, extraversion or openness to new experiences -- was associated with poorer cognition (especially in older people), more pronounced brain atrophy (already observable in middle-aged adults) and lower adherence to healthy lifestyles.

Finally, the third profile identified, characterized by high levels of negative or risky psychological traits, such as a high propensity for distress and negative thoughts, "may increase the risk of cognitive impairment and dementia through a psycho-affective pathway, including the expression of symptoms such as depression, anxiety, cognitive complaints, loneliness and sleep disorders," says the researcher.

Future prevention interventions

Once validated in larger-sample studies, these results could have important implications for the development of future preventive interventions designed to modify psychological factors and lifestyles. "For instance, people with traits compatible with the psychological profile with low levels of protective factors may benefit more from psychological therapies that include the identification or re-identification of valued behaviours and life purposes, such as acceptance and commitment therapy," Bartres-Faz notes.

However, "people who meet the criteria of the third profile identified may have a better response to therapies aimed at reducing distress-related symptoms, which have also recently been shown to have potential benefit," the researcher states. The expert stresses the importance of conducting "comprehensive psychological assessments, including analysis of both risk and protective factors, in order to more accurately estimate each person's risk profile."
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Critical ocean current has not declined in the last 60 years | ScienceDaily
Earth, being 71 percent covered in water, is influenced by the ocean and its movements. In the Atlantic Ocean, a system of connected currents, called the Atlantic Meridional Overturning Circulation (AMOC), moves water throughout the world's oceans powered by a combination of winds and ocean density. It not only distributes the ocean's heat, moisture, and nutrients, but regulates the Earth's climate and weather.


						
As the climate is continuously changing and the atmosphere is warming, many scientists fear that fresh water from melting polar ice sheets could significantly disrupt -- or collapse -- the AMOC. While a decline of the AMOC would have grave consequences, a collapse would be truly catastrophic. However, studies about the AMOC's long term future are uncertain. Instead of predicting the future, a team of scientists from Woods Hole Oceanographic Institution (WHOI) quantified the past to help inform where we could be going.

In a new paper published in Nature Communications, scientists found that the AMOC has not declined in the last 60 years. Authors Nicholas P. Foukal, adjunct scientist in Physical Oceanography at WHOI and assistant professor at the University of Georgia; Jens Terhaar, affiliated scientist at WHOI and senior scientist at the University of Bern; and Linus Vogt, visiting student at WHOI when he started to work on this study and now scientist at LOCEAN, Sorbonne Universite, say their results mean that the AMOC is currently more stable than expected.

"Our paper says that the Atlantic overturning has not declined yet," Foukal said, who conducted the research while at WHOI. "That doesn't say anything about its future, but it doesn't appear the anticipated changes have occurred yet."

Their findings contrast with previous work, notably a paper from 2018 cited in their study, which reported that the AMOC has declined over the last 70 years. This past work relied on sea surface temperature measurements to understand how the AMOC has changed, but "we've learned that sea surface temperature doesn't work as well as initially thought," said Terhaar, who began leading this study at WHOI as a postdoctoral scientist and completed the work in Bern.

To address the uncertainty, Terhaar and the team relied on new data from the Coupled Model Intercomparison Project (CMIP), climate-earth models produced by the World Climate Research Program. They used 24 different CMIP models and found that the most recently available surface temperature data did not accurately reconstruct the AMOC. To go a step further, the researchers looked at a different measure: air-sea heat fluxes, which is the exchange of heat from the ocean to the atmosphere. When the AMOC is stronger, more heat is released from the ocean to the atmosphere over the North Atlantic.

The authors derived this AMOC proxy with the CMIP models, then applied it to observational data. The best data for surface heat fluxes over the North Atlantic come from reanalysis products that incorporate direct observations into a model, similar to the way weather forecasts work. The study authors focused on two reanalysis data sets that extend back to the late 1950s to reconstruct the AMOC.




"Based on the results, the AMOC is more stable than we thought," Vogt said. "This might mean that the AMOC isn't as close to a tipping point as previously suggested."

The paper states that air-sea heat flux anomalies in the North Atlantic are tightly linked to the AMOC and that "the decadal averaged AMOC has not weakened from 1963 to 2017." Since there are many processes that lead to large year-to-year variability in the AMOC, the air-sea heat flux and the AMOC are correlated strongest at those timescales, as opposed to annual averages.

"It's almost unanimous at this point that the Atlantic overturning will slow in the future, but whether or not it will collapse is still up for debate," Foukal said. "This work indicates that there is still time to act before we reach this potential tipping point."

As with all proxy-based reconstructions, there are limitations and caveats. The authors point out that direct measurements of air-sea heat flux going back in time are sparse, and thus the reanalysis products contain significant uncertainty. However, despite these limitations, "a decline in AMOC over the last 60 years," Terhaar concludes "seems very unlikely."

Key Takeaways:
    	The Atlantic Meridional Overturning Circulation (AMOC) has not slowed down since the mid-20th century based on the North Atlantic air-sea heat fluxes over that time.
    	This finding contrasts with studies that have estimated a decline in the AMOC, likely because previous studies rely on sea surface temperature measurements to understand how the AMOC has changed. However, sea surface temperature is not a reliable way to reconstruct the AMOC, according to the authors.
    	Although the AMOC has not declined yet, scientists agree that the Atlantic overturning will slow in the future -- but whether the system can collapse entirely and when this collapse would happen is still up for debate. Such a scenario would have catastrophic consequences globally.
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Small-scale fisheries essential to global nutrition, livelihoods | ScienceDaily
Small-scale fisheries play a significant but overlooked role in global fisheries production and are key to addressing hunger and malnutrition while supporting livelihoods around the world, according to research featured in the journal Nature. Published online on Jan. 15 by an international team of scientists, the study is the first to rigorously quantify how marine and inland small-scale fisheries contribute to aquatic harvests and nutritional and socioeconomic security on a global scale.


						
Although definitions vary, small-scale fisheries generally comprise households or communities, mostly in lower- to middle-income countries, that use lower-tech, more labor-intensive fishing techniques to fish for food or to earn money compared to large-scale fisheries. Historically, decision-makers have marginalized small-scale fisheries in resource management plans, food system analyses, and agricultural, nutritional and development policies, for various reasons. For example, census data usually groups small-scale fishers with agricultural workers.

"Millions of people who fish marine and inland waters have essentially been flying under the radar of science and policy. Ignoring their contributions and needs could be detrimental -- not just to fisherfolk, but to the environment and society as a whole," said co-lead author Xavier Basurto, who was the Bass Chair for Excellence in Teaching and Research at the Duke University Nicholas School of the Environment during the time of research.

"Our analysis shows that small-scale fisheries contribute almost half the catch across all fisheries. They have a critical role to play in meeting the food security and nutritional needs of billions of people," added co-lead author Nicolas L. Gutierrez, senior fishery officer for the Fisheries and Aquaculture Division of the Food and Agriculture Organization of the United Nations (FAO).

In 2017, FAO forged a unique partnership with the Nicholas School and the international research organization WorldFish to assess how small-scale fisheries fit into the U.N.'s Agenda for Sustainable Development, a blueprint for addressing global challenges such as hunger, poverty and gender inequality. The new study builds on a 2023 report published by the group, who call their collaboration the Illuminating Hidden Harvests Initiative (IHH).

"Our driving question was simple: Who produces aquatic foods, how and for whom?" said co-author Nicole Franz, who leads the Equitable Livelihoods Team in FAO's Fisheries and Aquaculture Division and had the initial idea for IHH. "Answering that question was more complicated, requiring a huge team of diverse experts in fields like fisheries science, nutrition, governance, gender and economics."

All told, more than 800 contributors from around the world worked on the new study. They collected and analyzed troves of data from case studies, surveys and databases for insight into the impact of small-scale fisheries on issues such as global catch, nutrition and employment.




The findings reveal that small-scale fisheries are integral to meeting Sustainable Development Goals related to reducing hunger, poverty and the impacts of climate change, and to enhancing aquatic conservation, women's rights and economic growth.

For example, catch from small-scale fisheries provides 20% of dietary intake across six essential nutrients -- including vitamins, minerals and omega-3 fatty acids -- to 2.3 billion people who live within 20 kilometers, or about 12 miles, of a coastline or large inland water body. In other words, about 1 in 4 people likely depends on small-scale fisheries to supply a substantial portion of several key nutrients.

In addition, almost 500 million people, or one in 12 individuals, are at least partially dependent on small-scale fishing for their livelihoods, a catchall term to describe the means used for meeting basic needs. Nearly half of those people are women -- an underrecognized demographic in fisheries research.

"Women participate in all aspects of fishing, from prep work, to catching fish, to processing activities such as cleaning fish. They're essential to these production systems that put food on the table for millions," said co-author John Virdin, director of the Ocean and Coastal Policy Program at Duke University's Nicholas Institute for Energy, Environment & Sustainability and a faculty member at the Nicholas School.

At least 40% of global catch comes from small-scale fisheries, the study found. Small-scale fisheries also contribute 44% of landed economic value, or money generated by fisheries globally.

Of all small-scale fisheries analyzed, African operations contribute most to global catch and nutrition. Meanwhile, small-scale fisheries in Oceania -- which includes nations in the South and Central Pacific Ocean -- play a major role in supporting livelihoods in the region.




"Our findings from Oceania help show just how important small-scale fishing is in countries where opportunities to make a living are more limited. In these cases, additional efforts for achieving effective fisheries management and governance to ensure the sustainability of the sub-sector are needed," Gutierrez said.

Despite their considerable societal contributions, many small-scale fishers do not have authority over their fisheries. Specifically, about two-thirds of catch from small-scale fisheries in 51 countries surveyed come from fishers with no formal rights to participate in resource management and decision-making processes, according to the study.

Lacking authority, small-scale fishers are vulnerable to external competition or exclusionary policies that could compromise the natural resources they rely on and their potential contributions to sustainable development.

"Often these fishers have been rooted in aquatic environments and communities for hundreds to thousands of years. The lack of appropriate support from local or national authorities often undermines local efforts to avoid free-for-all scenarios that can easily lead to overfishing," said Basurto, who is now on faculty at the Doerr School of Sustainability at Stanford University.

The study paves the way for additional policy action by governments and policymakers to best support small-scale fisheries and, by extension, environmental and global health.

"This study has started to quantify the impact of small-scale fisheries across the world and how they relate to important policy agendas on climate change, natural-resource management, governance, conservation, gender equity, social inclusion, diets and nutrition. By making those linkages explicit, I think our research has given policymakers a pathway to support small-scale fisheries," said co-author and WorldFish principal scientist Edward H. Allison.

The Norwegian Agency for Development Cooperation (NORAD) and the Swedish International Development Cooperation Agency (SIDA) provided funding to FAO; Duke University received funding from the Oak Foundation; and WorldFish received funding from the Consultative Group on International Agricultural Research (CGIAR) multi-donor trust fund grant through the Resilient Aquatic Food Systems Initiative.
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DNA damage can last unrepaired for years, changing our view of mutations | ScienceDaily
While most known types of DNA damage are fixed by our cells' in-house DNA repair mechanisms, some forms of DNA damage evade repair and can persist for many years, new research shows. This means that the damage has multiple chances to generate harmful mutations, which can lead to cancer.


						
Scientists from the Wellcome Sanger Institute and their collaborators analysed family trees of hundreds of single cells from several individuals. The team pieced together these family trees from patterns of shared mutations between the cells, indicating common ancestors.

Researchers uncovered unexpected patterns of mutation inheritance in the trees, revealing that some DNA damage persists unrepaired. In the case of blood stem cells, this can be for two to three years.

The research, published today (15 January) in Nature, changes the way we think about mutations, and has implications for understanding the development of various cancers.

Throughout our life, all of the cells in our body accumulate genetic errors in the genome, known as somatic mutations. These can be caused by damaging environmental exposures, such as smoking, as well as the everyday chemistry occurring in our cells.

DNA damage is distinct from a mutation. While a mutation is one of the standard four DNA bases (A, G, T or C) in the wrong place, similar to a spelling mistake, DNA damage is chemical alteration of the DNA, like a smudged unrecognisable letter. DNA damage can result in the genetic sequence being misread and copied during cell division -- known as DNA replication -- and this introduces permanent mutations that can contribute to the development of cancers. However, the DNA damage itself is usually recognised and mended quickly by repair mechanisms in our cells.

If researchers can better understand the causes and mechanisms of mutations, they may be able to intervene and slow or remove them.




In a new study, Sanger Institute scientists and their collaborators analysed data in the form of family trees of hundreds of single cells from individuals. The family trees are constructed from patterns of mutations across the genome that are shared between cells -- for example, cells with many shared mutations have a recent common ancestor cell and are closely related.

The researchers collated seven published sets of these family trees, known as somatic phylogenies. The data set included 103 phylogenies from 89 individuals1, spanning blood stem cells, bronchial epithelial cells and liver cells.

The team found unexpected patterns of mutation inheritance in the family trees, revealing that some DNA damage can persist unrepaired through multiple rounds of cell division. This was particularly evident in blood stem cells, where between 15 to 20 per cent of the mutations resulted from a specific type of DNA damage that persists for two to three years on average, and in some cases longer.

This means that during cell division, each time the cell attempts to copy the damaged DNA it can make a different mistake, leading to multiple different mutations from a single source of DNA damage. Importantly, this creates multiple chances of harmful mutations that could contribute to cancer. Researchers suggest that although these types of DNA damage occur rarely, their persistence over years means they can cause as many mutations as more common DNA damage.

Overall, these findings change the way researchers think about mutations, and has implications for the development of cancer.

Dr Michael Spencer Chapman, first author from the Wellcome Sanger Institute and the Barts Cancer Institute, said: "With these family trees, we can link the relationships of hundreds of cells from one person right back to conception, meaning we can track back through the divisions each cell has gone through. It's these large-scale, novel datasets that have led us to this unexpected finding that some forms of DNA damage can last for a long time without being repaired. This study is a prime example of exploratory science -- you don't always know what you're going to find until you look; you have to stay curious."

Emily Mitchell, an author from the Wellcome Sanger Institute, Wellcome-MRC Cambridge Stem Cell Institute and University of Cambridge, said: "When exploring family trees of blood stem cells in particular, we found a specific type of DNA damage that results in around 15 to 20 per cent of the mutations in these cells, and can last for several years. It is unclear why this process is only found in blood stem cells and not other healthy tissues. Knowing that the DNA damage is long-lasting gives new routes to investigate what the damage actually is. As we continue to better understand the causes of mutations, we may one day be able to intervene and remove them."

Dr Peter Campbell, lead author previously from the Wellcome Sanger Institute and now Chief Scientific Officer at Quotient Therapeutics, said: "We have identified forms of DNA damage that manage to escape our DNA repair mechanisms and persist in the genome for days, months, or sometimes years. These findings don't fit with what scientists have previously thought about the fundamentals of how mutations are acquired. This paradigm shift brings a new dimension to the way we think about mutations, and is important for the research community when designing future studies."
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Could this fundamental discovery revolutionize fertilizer use in farming? | ScienceDaily
Researchers have discovered a biological mechanism that makes plant roots more welcoming to beneficial soil microbes.


						
This discovery by John Innes Centre researchers paves the way for more environmentally friendly farming practices, potentially allowing farmers to use less fertiliser.

Production of most major crops relies on nitrate and phosphate fertilisers, but excessive fertiliser use harms the environment.

If we could use mutually beneficial relationships between plant roots and soil microbes to enhance nutrient uptake, then we could potentially reduce use of inorganic fertilisers.

Researchers in the group of Dr Myriam Charpentier discovered a mutation in a gene in the legume Medicago truncatula that reprogrammes the signaling capacity of the plant so that it enhances partnerships with nitrogen fixing bacteria called rhizobia and arbuscular mycorrhiza fungi (AMF) which supply roots with phosphorus.

This type of partnership, known as endosymbiosis, where one organism exists within another, enables legume plants to scavenge nutrients from the soil via microbes, in exchange for sugars.

A barrier to the widespread use of endosymbiotic partnerships in agriculture is that they preferentially occur in nutrient-poor soils, conflicting with the conditions of intensive farming.




In this study which appears in Nature, experiments showed that the gene mutation in a calcium signalling pathway enhances endosymbiosis in farming conditions.

Excitingly, the team used genetic approaches to show that the same gene mutation in wheat enhances colonization by nitrogen fixing bacteria and AMF in field conditions too.

The findings represent an exciting breakthrough in the long-held ambition to use enhanced endosymbiotic partnerships as natural alternatives to inorganic-fertilizer across major crops, including cereals and legumes.

"Our findings hold great potential for advancing sustainable agriculture. It is unexpected and exciting that the mutation we have identified enhances endosymbiosis in farming conditions, because it offers the potential for sustainable crop production using endosymbionts alongside reduced inorganic fertiliser use," said Dr Charpentier.

"The discovery contributes broadly to research on calcium signalling while also offering a transition solution towards more sustainable production of economically important crops."

Previous research by the Charpentier group has shown that the calcium signaling in root cell nuclei is essential for the establishment of root endosymbiosis with useful nitrogen fixing bacteria and AMF.




This study decodes that key signalling mechanism, showing how calcium oscillations regulate the production of compounds called flavonoids which enhance endosymbiosis.

"Our discovery underscores the importance of fundamental science in addressing societal challenges," concluded Dr Charpentier.

Root endosymbiosis is highly beneficial to plants, increasing nutrient uptake and stress resilience. There is an increasing need to develop high-yielding, disease resistance crops and reduce fertiliser use to protect the environment as well as reduce costs for farmers.

Combining disease resistance and climate resilience with efficient nutrient assimilation through improved association with symbiotic microorganisms is a key element of this ambition.
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Deep learning designs proteins against deadly snake venom | ScienceDaily
New proteins not found in nature have now been designed to counteract certain highly poisonous components of snake venom. The deep learning, computational methods for developing these toxin-neutralizing proteins offer hope for creating safer, more cost-effective and more readily available therapeutics than those currently in use.


						
Each year more than 2 million people suffer snakebites. More than 100,000 of them die, according to the World Health Organization, and 300,000 suffer severe complications and lasting disability from limb deformity, amputation or other aftereffects. Sub-Saharan Africa, South Asia, Papua New Guinea, and Latin America are among the places where poisonous snakebites pose the greatest public health concern.

The computational biology effort to discover better antivenom therapeutics, led by scientists at the UW Medicine Institute for Protein Design and the Technical University of Denmark, is reported today, Jan. 15, in Nature.

The lead author of the paper is Susana Vazquez Torres of the Department of Biochemistry at the UW School of Medicine and the UW Graduate Program in Biological Physics. Her hometown is Queretaro, Mexico, which is located near viper and rattlesnake habitats. Her professional goal is to invent new drugs for neglected diseases and injuries, including snakebites.

Her research team, which also included international experts in snakebite research, drugs and diagnostics, and tropical medicine from the United Kingdom and Denmark, concentrated their attention on finding ways to neutralize venom gathered from certain elapids. Elapids are a large group of poisonous snakes, among them cobras and mambas, that live in the tropics and subtropics.

Most elapid species have two small fangs shaped like shallow needles. During a tenacious bite, the fangs can inject venom from glands at the back of the snake's jaw. Among the venom's components are potentially lethal three-finger toxins. These chemicals damage bodily tissues by killing cells. More seriously, by interrupting signals between nerves and muscles, three-finger toxins can cause paralysis and death.

At present, venomous snakebites from elapids are treated with antibodies taken from the plasma of animals that have been immunized against the snake toxin. Producing the antibodies is costly, and they have limited effectiveness against three-finger toxins. This treatment can also have serious side effects, including causing the patient to go into shock or respiratory distress.




"Efforts to try to develop new drugs have been slow and laborious," noted Vazquez Torres.

The researchers used deep learning computational methods to try to speed the discovery of better treatments. They created new proteins that interfered with the neurotoxic and cell-destroying properties of the three-finger toxin chemicals by binding with them.

Through experimental screening, the scientists obtained designs that generated proteins with thermal stability and high binding affinity. The actual synthesized proteins were almost a complete match at the atomic level with the deep-learning computer design.

In lab dishes, the designed proteins effectively neutralized all three of the subfamilies of three-finger toxins tested. When given to mice, the designed proteins protected the animals from what could have been a lethal neurotoxin exposure.

Designed proteins have key advantages. They could be manufactured with consistent quality through recombinant DNA technologies instead of by immunizing animals. (Recombinant DNA technologies in this case refer to the lab methods the scientists employed to take a computationally designed blueprint for a new protein and synthesize that protein.)

Also, the new proteins designed against snake toxins are small, compared to antibodies. Their smaller size might allow for greater penetration into tissues to quickly counteract the toxins and reduce damage.




In addition to opening new avenues to develop antivenoms, the researchers think computational design methods could be used to develop other antidotes. Such methods also might be used to discover medications for undertreated illnesses that affect countries with significantly limited scientific research resources.

"Computational design methodology could substantially reduce the costs and resource requirements for development of therapies for neglected tropical diseases," the researchers noted.

The senior researchers on the project to design protein treatments for elapid snakebites were Timothy J. Perkins at the Technical University of Denmark and David Baker of the UW Medicine Institute for Protein Design and the Howard Hughes Medical Institute. Baker is a professor of biochemistry at the UW School of Medicine.

The University of Washington has submitted a provisional U.S. patent application for the design and composition of the proteins created in this study.
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Ancient genomes reveal an Iron Age society centred on women | ScienceDaily
An international team of geneticists, led by those from Trinity College Dublin, has joined forces with archaeologists from Bournemouth University to decipher the structure of British Iron Age society, finding evidence of female political and social empowerment.


						
The researchers seized upon a rare opportunity to sequence DNA from many members of a single community. They retrieved over 50 ancient genomes from a set of burial grounds in Dorset, southern England, in use before and after the Roman Conquest of AD 43. The results revealed that this community was centred around bonds of female-line descent.

Dr Lara Cassidy, Assistant Professor in Trinity's Department of Genetics, led the study that has been published in leading international journal Nature today. She said: "This was the cemetery of a large kin group. We reconstructed a family tree with many different branches and found most members traced their maternal lineage back to a single woman, who would have lived centuries before. In contrast, relationships through the father's line were almost absent.

"This tells us that husbands moved to join their wives' communities upon marriage, with land potentially passed down through the female line. This is the first time this type of system has been documented in European prehistory and it predicts female social and political empowerment.

"It's relatively rare in modern societies, but this might not always have been the case."

Incredibly, the team found that this type of social organisation, termed "matrilocality," was not just restricted to Dorset. They sifted through data from prior genetic surveys of Iron Age Britain and, although sample numbers from other cemeteries were smaller, they saw the same pattern emerge again and again.

Dan Bradley, Professor of Population Genetics in Trinity's Department of Genetics, and a co-author of the study, added: "Across Britain we saw cemeteries where most individuals were maternally descended from a small set of female ancestors. In Yorkshire, for example, one dominant matriline had been established before 400 BC. To our surprise, this was a widespread phenomenon with deep roots on the island."

Iron Age cemeteries with well-preserved burials are rare in Britain. Dorset is an exception, due to the unique burial customs of the people who lived there, named as the "Durotriges" by the Romans. The researchers sampled DNA from a site near the village of Winterborne Kingston, nicknamed "Duropolis," which archaeologists from Bournemouth University have been excavating since 2009. Previously, the team had observed the more richly furnished Durotrigan burials to be those of women.




Dr Miles Russell, the excavation's director and co-author on the study, commented: "Beyond archaeology, knowledge of Iron Age Britain has come primarily from the Greek and Roman writers, but they are not always considered the most trustworthy. That said, their commentary on British women is remarkable in light of these findings. When the Romans arrived, they were astonished to find women occupying positions of power. Two of the earliest recorded rulers were queens -- Boudica and Cartimandua -- who commanded armies.

"It's been suggested that the Romans exaggerated the liberties of British women to paint a picture of an untamed society. But archaeology, and now genetics, implies women were influential in many spheres of Iron Age life. Indeed, it is possible that maternal ancestry was the primary shaper of group identities."

Anthropologist Dr Martin Smith, one of the project's bone specialists, added: "These results give us a whole new way of looking at the burials we are uncovering with our students. Rather than simply seeing a set of skeletons, hidden aspects of these people's lives and identities come into view as mothers, husbands, daughters and so on. We also see these folk had deep knowledge of their own ancestry -- multiple marriages between distant branches of this family occurred and were possibly favoured, but close inbreeding was avoided."

Echoing the writings of Julius Caesar, the researchers further uncovered a footprint of Iron Age migration into coastal southern England, which had gone undetected in prior genetic studies. This will add more fuel to debates surrounding the arrival of Celtic language in Britain.

Dr Cassidy explained: "Migration into Britain during the later Bronze Age has previously been detected, leading some to hypothesise that Celtic language arrived during this period. But our results point towards substantial cross-channel mobility during the Iron Age as well. Narrowing down the arrival time of Celtic will be difficult. Indeed, it is quite possible that Celtic languages were introduced to Britain on more than one occasion."
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Floating solar panels could support US energy goals | ScienceDaily
Federal reservoirs could help meet the country's solar energy needs, according to a new study published in Solar Energy.


						
For the study, Evan Rosenlieb and Marie Rivers, geospatial scientists at the U.S. Department of Energy National Renewable Energy Laboratory (NREL), as well as Aaron Levine, a senior legal and regulatory analyst at NREL, quantified for the first time exactly how much energy could be generated from floating solar panel projects installed on federally owned or regulated reservoirs. (Developers can find specific details for each reservoir on the website AquaPV.)

And the potential is surprisingly large: Reservoirs could host enough floating solar panels to generate up to 1,476 terawatt hours, or enough energy to power approximately 100 million homes a year.

"That's a technical potential," Rosenlieb said, meaning the maximum amount of energy that could be generated if each reservoir held as many floating solar panels as possible. "We know we're not going to be able to develop all of this. But even if you could develop 10% of what we identified, that would go a long way."

Levine and Rosenlieb have yet to consider how human and wildlife activities might impact floating solar energy development on specific reservoirs. But they plan to address this limitation in future work.

This study provides far more accurate data on floating solar power's potential in the United States. And that accuracy could help developers more easily plan projects on U.S. reservoirs and help researchers better assess how these technologies fit into the country's broader energy goals.

Floating solar panels, also known as floating PV, come with many benefits: Not only do these buoyed power plants generate electricity, but they do so without competing for limited land. They also shade and cool bodies of water, which helps prevent evaporation and conserves valuable water supplies.




"But we haven't seen any large-scale installations, like at a large reservoir," Levine said. "In the United States, we don't have a single project over 10 megawatts."

Previous studies have tried to quantify how much energy the country could generate from floating solar panels. But Levine and Rosenlieb are the first to consider which water sources have the right conditions to support these kinds of power plants.

In some reservoirs, for example, shipping traffic causes wakes that could damage the mooring lines or impact the float infrastructure. Others get too cold, are too shallow, or have sloping bottoms that are too steep to secure solar panels in place.

And yet, some hydropower reservoirs could be ideal locations for floating solar power plants. A hybrid energy system that relies on both solar energy and hydropower could provide more reliable and resilient energy to the power grid. If, for example, a drought depletes a hydropower facility's reservoir, solar panels could generate energy while the facility pauses to allow the water to replenish.

And, to build new pumped storage hydropower projects -- which pump water from one reservoir to another at a higher elevation to store and generate energy as needed -- some developers create entirely new bodies of water. These new reservoirs are disconnected from naturally flowing rivers, and no human or animal depends on them for recreation, habitat, or food (at least not yet).

In the future, the researchers plan to review which locations are close to transmission lines or electricity demand, how much development might cost at specific sites, whether a site should be avoided to protect the local environment, and how developers can navigate state and federal regulations. The team would also like to evaluate even more potential locations, including other, smaller reservoirs, estuaries, and even ocean sites.

The research was funded by the Solar Energy Technologies Office and the Water Power Technologies Office in DOE's Office of Energy Efficiency and Renewable Energy (EERE).
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This metaphorical cat is both dead and alive -- and it will help quantum engineers detect computing errors | ScienceDaily
UNSW engineers have demonstrated a well-known quantum thought experiment in the real world. Their findings deliver a new and more robust way to perform quantum computations -- and they have important implications for error correction, one of the biggest obstacles standing between them and a working quantum computer.


						
Quantum mechanics has puzzled scientists and philosophers for more than a century. One of the most famous quantum thought experiments is that of the "Schrodinger's cat" -- a cat whose life or death depends on the decay of a radioactive atom.

According to quantum mechanics, unless the atom is directly observed, it must be considered to be in a superposition -- that is, being in multiple states at the same time -- of decayed and not decayed. This leads to the troubling conclusion that the cat is in a superposition of dead and alive.

"No one has ever seen an actual cat in a state of being both dead and alive at the same time, but people use the Schrodinger's cat metaphor to describe a superposition of quantum states that differ by a large amount," says UNSW Professor Andrea Morello, leader of the team that conducted the research, published recently in the journal Nature Physics.

Atomic cat

For this research paper, Prof. Morello's team used an atom of antimony, which is much more complex than standard 'qubits', or quantum building blocks.

"In our work, the 'cat' is an atom of antimony," says Xi Yu, lead author of the paper.




"Antimony is a heavy atom, which possesses a large nuclear spin, meaning a large magnetic dipole. The spin of antimony can take eight different directions, instead of just two. This may not seem much, but in fact it completely changes the behaviour of the system. A superposition of the antimony spin pointing in opposite directions is not just a superposition of 'up' and 'down', because there are multiple quantum states separating the two branches of the superposition."

This has profound consequences for scientists working on building a quantum computer using the nuclear spin of an atom as the basic building block.

"Normally, people use a quantum bit, or 'qubit' -- an object described by only two quantum states -- as the basic unit of quantum information," says co-author Benjamin Wilhelm.

"If the qubit is a spin, we can call 'spin down' the '0' state, and 'spin up' the '1' state. But if the direction of the spin suddenly changes, we have immediately a logical error: 0 turns to 1 or vice versa, in just one go. This is why quantum information is so fragile."

But in the antimony atom that has eight different spin directions, if the '0' is encoded as a 'dead cat', and the '1' as an 'alive cat', a single error is not enough to scramble the quantum code.

"As the proverb goes, a cat has nine lives. One little scratch is not enough to kill it. Our metaphorical 'cat' has seven lives: it would take seven consecutive errors to turn the '0' into a '1'! This is the sense in which the superposition of antimony spin states in opposite directions is 'macroscopic' -- because it's happening on a larger scale, and realises a Schrodinger cat," explains Yu.




Scalable technology

The antimony cat is embedded inside a silicon quantum chip, similar to the ones we have in our computers and mobile phones, but adapted to give access to the quantum state of a single atom. The chip was fabricated by UNSW's Dr Danielle Holmes, while the atom of antimony was inserted in the chip by colleagues at the University of Melbourne.

"By hosting the atomic 'Schrodinger cat' inside a silicon chip, we gain an exquisite control over its quantum state -- or, if you wish, over its life and death," says Dr Holmes.

"Moreover, hosting the 'cat' in silicon means that, in the long term, this technology can be scaled up using similar methods as those we already adopt to build the computer chips we have today."

The significance of this breakthrough is that it opens the door to a new way to perform quantum computations. The information is still encoded in binary code, '0' or '1', but there is more 'room for error' between the logical codes.

"A single, or even a few errors, do not immediately scramble the information," Prof. Morello says.

"If an error occurs, we detect it straight away, and we can correct it before further errors accumulate. To continue the 'Schrodinger cat' metaphor, it's as if we saw our cat coming home with a big scratch on his face. He's far from dead, but we know that he got into a fight; we can go and find who caused the fight, before it happens again and our cat gets further injuries."

The demonstration of quantum error detection and correction -- a 'Holy Grail' in quantum computing -- is the next milestone that the team will address.

The work was the result of a vast international collaboration. Several authors from UNSW Sydney, plus colleagues at the University of Melbourne, fabricated and operated the quantum devices. Theory collaborators in the USA, at Sandia National Laboratories and NASA Ames, and Canada, at the University of Calgary, provided precious ideas on how to create the cat, and how to assess its complicated quantum state.

"This work is a wonderful example of open-borders collaboration between world-leading teams with complementary expertise," says Prof. Morello.
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Residents of unburned homes reported health symptoms months after Marshall Fire | ScienceDaily
Wildfires that burn homes and vehicles could expose people to dangerous airborne compounds through ash and smoke. Research published in ACS ES&T Air has shown that people returning to their unburned homes may also experience health symptoms months after a nearby fire is extinguished. Through a survey of people affected by the 2021 Marshall Fire in Boulder, Colorado, researchers found that headaches, sore throats and coughs were frequently self-reported by residents living near burned structures.


						
Wildland-urban interface fires, like the Marshall Fire and the fires in early 2025 across Los Angeles, burn both natural vegetation and human-made materials. Polycyclic aromatic hydrocarbons (PAHs) and volatile organic compounds (VOCs) are emitted at higher levels from human-made materials than natural biomass when burned. Exposure to these airborne compounds has been linked to negative health outcomes, including lung and cardiovascular diseases, according to the World Health Organization. After the Marshall Fire, researchers from the nearby University of Colorado, Boulder, found elevated levels of PAHs and VOCs in unburnt homes damaged by smoke, but they didn't investigate what negative health outcomes might have been caused by exposure to these compounds. So, another CU Boulder team, led by Colleen Reid, designed and launched a survey to understand the potential symptoms experienced by residents.

The survey was conducted twice, once at 6 months after the fire (642 respondents) and again at 1 year (413 respondents), among participants whose homes remained intact. The researchers asked participants about post-fire smoke impacts and health symptoms. They found that:
    	The most common fire-related symptoms were itchy or watery eyes, headaches, dry coughs, sneezing and sore throats.
    	61% of respondents reported campfire- or chemical-like smells in their homes 1 week after the fire, but those smells dissipated over time.
    	65% of respondents reported ash in their homes post-fire.
    	Most respondents were less confident in the air quality of their home and neighborhood 6 months post-fire than pre-fire, but most of that confidence was restored by the 1-year mark.

The team found that many self-reported symptoms (headaches, strange taste in the mouth) clustered together for residents whose homes were within 250 meters of a burned structure. In addition, dry coughs, itchy/watery eyes and sneezing were statistically associated with a change in the home's smell post-fire and/or finding smoke damage or ash inside. In fact, respondents who found visible ash in their home were over three times more likely to report headaches than people who didn't. Many participants said that cleaning their homes or HVAC systems, hiring cleaning companies, or replacing affected furniture or carpets helped reduce the smell over time. Researchers hope their findings will inform future regulations and guidelines on how to return home safely after a wildfire.

The authors acknowledge funding from the National Science Foundation, the Cooperative Institute for Research in Environmental Sciences (CIRES) Rapid Innovation Research Program at the University of Colorado, Boulder, the Harvard JPB Environmental Health Fellowship, and the Developmental Core of the University of Colorado Population Center.
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World's oldest 3D map discovered | ScienceDaily
Researchers have discovered what may be the world's oldest three-dimensional map, located within a quartzitic sandstone megaclast in the Paris Basin.


						
The Segognole 3 rock shelter, known since the 1980s for its artistic engravings of two horses in a Late Palaeolithic style on either side of a female pubic figuration, has now been revealed to contain a miniature representation of the surrounding landscape.

Dr Anthony Milnes from the University of Adelaide's School of Physics, Chemistry and Earth Sciences, participated in the research led by Dr Medard Thiry from the Mines Paris -- PSL Centre of Geosciences.

Dr Thiry's earlier research, following his first visit to the site in 2017, established that Palaeolithic people had "worked" the sandstone in a way that mirrored the female form, and opened fractures for infiltrating water into the sandstone that nourished an outflow at the base of the pelvic triangle.

New research suggests that part of the floor of the sandstone shelter which was shaped and adapted by Palaeolithic people around 13,000 years ago was modelled to reflect the region's natural water flows and geomorphological features.

"What we've described is not a map as we understand it today -- with distances, directions, and travel times -- but rather a three-dimensional miniature depicting the functioning of a landscape, with runoff from highlands into streams and rivers, the convergence of valleys, and the downstream formation of lakes and swamps," Dr Milnes explains.

"For Palaeolithic peoples, the direction of water flows and the recognition of landscape features were likely more important than modern concepts like distance and time.




"Our study demonstrates that human modifications to the hydraulic behaviour in and around the shelter extended to modelling natural water flows in the landscape in the region around the rock shelter. These are exceptional findings and clearly show the mental capacity, imagination and engineering capability of our distant ancestors."

Thanks to his extensive research on the origins of Fontainebleau sandstone, Dr Thiry recognised several fine-scale morphological features that could not have formed naturally, suggesting they were modified by early humans.

"Our research showed that Palaeolithic humans sculpted the sandstone to promote specific flow paths for infiltrating and directing rainwater which is something that had never been recognised by archaeologists," Thiry says.

"The fittings probably have a much deeper, mythical meaning, related to water. The two hydraulic installations -- that of the sexual figuration and that of the miniature landscape -- are two to three metres from each other and are sure to relay a profound meaning of conception of life and nature, which will never be accessible to us."

Milnes and Thiry's latest study, published in Oxford Journal of Archaeology, discovered the presence of three-dimensional modelling by closely examining fine-scale geomorphological features.

"This completely new discovery offers a better understanding and insight into the capacity of these early humans," Thiry says.




Before this discovery, the oldest known three-dimensional map was understood to be a large portable rock slab engraved by people of the Bronze Age around 3000 years ago. This map depicted a local river network and earth mounds, reflecting a more modern map concept used for navigation.

Dr Milnes says that collaborating across disciplines -- such as archaeology, geology and geomorphology -- is vital in science.

"We believe the most productive research outcomes are found at the boundaries between disciplines," Dr Milnes says.

"Re-evaluating field studies and conducting frequent site visits are important. It's clear from our ongoing project that insights and interpretations do not appear immediately but emerge through new observations and interdisciplinary discussions," Dr Thiry suggests.
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Engineering quantum entanglement at the nanoscale | ScienceDaily
Physicists have spent more than a century measuring and making sense of the strange ways that photons, electrons, and other subatomic particles interact at extremely small scales. Engineers have spent decades figuring out how to take advantage of these phenomena to create new technologies.


						
In one such phenomenon, called quantum entanglement, pairs of photons become interconnected in such a way that the state of one photon instantly changes to match the state of its paired photon, no matter how far apart they are.

Nearly 80 years ago, Albert Einstein referred to this phenomenon as "spooky action at a distance." Today, entanglement is the subject of research programs across the world -- and it's becoming a favored way to implement the most fundamental form of quantum information, the qubit.

Currently, the most efficient way to create photon pairs requires sending lightwaves through a crystal large enough to see without a microscope. In a paper published today in Nature Photonics, a team led by Columbia Engineering researchers and collaborators, describe a new method for creating these photon pairs that achieves higher performance on a much smaller device using less energy. P. James Schuck, associate professor of mechanical engineering at Columbia Engineering, helped lead the research team.

These findings represent a significant step forward in the field of nonlinear optics, which is concerned with using technologies to change the properties of light for applications including lasers, telecommunications, and laboratory equipment.

"This work represents the embodiment of the long-sought goal of bridging macroscopic and microscopic nonlinear and quantum optics," says Schuck, who co-directs Columbia's MS in Quantum Science and Technology. "It provides the foundation for scalable, highly efficient on-chip integrable devices such as tunable microscopic entangled-photon-pair generators."

How it works

Measuring just 3.4 micrometers thick, the new device points to a future where this important component of many quantum systems can fit onto a silicon chip. This change would enable significant gains in the energy efficiency and overall technical capabilities of quantum devices.




To create the device, the researchers used thin crystals of a so-called van der Waals semiconducting transition metal called molybdenum disulfide. Then they layered six of these crystal pieces into a stack, with each piece rotated 180 degrees relative to the crystal slabs above and below. As light travels through this stack, a phenomenon called quasi-phase-matching manipulates properties of the light, enabling the creation of paired photons.

This paper represents the first time that quasi-phase-matching in any van der Waals material has been used to generate photon pairs at wavelengths that are useful for telecommunications. The technique is significantly more efficient than previous methods and far less prone to error.

"We believe this breakthrough will establish van der Waals materials as the core of next-generation nonlinear and quantum photonic architectures, with them being ideal candidates for enabling all future on-chip technologies and replacing current bulk and periodically poled crystals," Schuck says.

"These innovations will have an immediate impact in diverse areas including satellite-based distribution and mobile phone quantum communication."

How it happened

Schuck and his team built on their previous work to develop the new device. In 2022, the group demonstrated that materials like molybdenum disulfide possess useful properties for nonlinear optics -- but performance was limited by the tendency of light waves to interfere with one another while traveling through this material.




The team turned to a technique called periodic poling to counteract this problem, which is known as phase matching. By alternating the direction of the slabs in the stack, the device manipulates light in a way that enables photon pair generation at miniscule length scales.

"Once we understood how amazing this material was, we knew we had to pursue the periodic poling, which could allow for the highly efficient generation of photon pairs," Schuck says.

This work occurred within Programmable Quantum Materials, a Department of Energy energy frontier research center (EFRC) at Columbia, as part of a larger effort to understand and exploit quantum materials. This work was possible due to contributions from the Baso, Delor, and Dean labs. Postdoctoral researcher Chiara Trovatello led the effort.
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NASA's Hubble tracks down a 'blue lurker' among stars | ScienceDaily
The name "blue lurker" might sound like a villainous character from a superhero movie. But it is a rare class of star that NASA's Hubble Space Telescope explored by looking deeply into the open star cluster M67, roughly 2,800 light-years away.


						
Forensics with Hubble data show that the star has had a tumultuous life, mixing with two other stars gravitationally bound together in a remarkable triple-star system. The star has a kinship to so-called "blue stragglers," which are hotter, brighter, and bluer than expected because they are likely the result of mergers between stars.

The blue lurker is spinning much faster than expected, an unusual behavior that led to its identification. Otherwise it looks like a normal Sun-like star. The term "blue" is a bit of a misnomer because the star's color blends in with all the other solar-mass stars in the cluster. Hence it is sort of "lurking" among the common stellar population.

The spin rate is evidence that the lurker must have siphoned in material from a companion star, causing its rotation to speed up. The star's high spin rate was discovered with NASA's retired Kepler space telescope. While normal Sun-like stars typically take about 30 days to complete one rotation, the lurker takes only four days.

How the blue lurker got that way is a "super complicated evolutionary story," said Emily Leiner of Illinois Institute of Technology in Chicago. "This star is really exciting because it's an example of a star that has interacted in a triple-star system." The blue lurker originally rotated more slowly and orbited a binary system consisting of two Sun-like stars.

Around 500 million years ago, the two stars in that binary merged, creating a single, much more massive star. This behemoth soon swelled into a giant star, dumping some of its own material onto the blue lurker and spinning it up in the process. Today, we observe that the blue lurker is orbiting a white dwarf star -- the burned out remains of the massive merger.

"We know these multiple star systems are fairly common and are going to lead to really interesting outcomes," Leiner explained. "We just don't yet have a model that can reliably connect through all of those stages of evolution. Triple-star systems are about 10 percent of the Sun-like star population. But being able to put together this evolutionary history is challenging."

Hubble observed the white dwarf companion star that the lurker orbits. Using ultraviolet spectroscopy, Hubble found the white dwarf is very hot (as high as 23,000 degrees Fahrenheit, or roughly three times the Sun's surface temperature) and a heavyweight at 0.72 solar masses. According to theory, hot white dwarfs in M67 should be only about 0.5 solar masses. This is evidence that the white dwarf is the byproduct of the merger of two stars that once were part of a triple-star system.

"This is one of the only triple systems where we can tell a story this detailed about how it evolved," said Leiner. "Triples are emerging as potentially very important to creating interesting, explosive end products. It's really unusual to be able to put constraints on such a system as we are exploring."

Leiner's results are being presented at the 245th meeting of the American Astronomical Society in Washington, D.C.
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Atop the Oregon Cascades, team finds a huge buried aquifer | ScienceDaily
Oregon's Cascade Range mountains might not hold gold, but they store another precious resource in abundance: water.


						
Scientists from the University of Oregon and their partners have mapped the amount of water stored beneath volcanic rocks at the crest of the central Oregon Cascades and found an aquifer many times larger than previously estimated -- at least 81 cubic kilometers.

That's almost three times the maximum capacity of Lake Mead, the currently overdrawn reservoir along the Colorado River that supplies water to California, Arizona and Nevada, and greater than half the volume of Lake Tahoe.

The finding has implications for the way scientists and policymakers think about water in the region -- an increasingly urgent issue across the Western United States as climate change reduces snowpack, intensifies drought and strains limited resources.

It also shapes our understanding of volcanic hazards in the area. Magma interacting with lots of water often leads to explosive eruptions that blast ash and gas into the air, rather than eruptions with slower-moving lava flows.

"It is a continental-size lake stored in the rocks at the top of the mountains, like a big water tower," said Leif Karlstrom, a UO earth scientist who led the study alongside collaborators from Oregon State University, Fort Lewis College, Duke University, the University of Wisconsin, the U.S. Forest Service and the U.S. Geological Survey.

"That there are similar large volcanic aquifers north of the Columbia Gorge and near Mount Shasta likely make the Cascade Range the largest aquifer of its kind in the world."

The team reported the findings in a paper published Jan. 13 in the journal Proceedings of the National Academy of Sciences.




Most Oregonians rely on water that originates from the Cascades. For example, the McKenzie River, which supplies most of Eugene's drinking water, begins high in the mountains at the spring-fed Clear Lake. But the discovery of this underground aquifer's size was a surprise.

"We initially set out to better understand how the Cascade landscape has evolved over time, and how water moves through it," said study co-author Gordon Grant, a geologist with the Forest Service. "But in conducting this basic research, we discovered important things that people care about: the incredible volume of water in active storage in the Cascades and also how the movement of water and the hazards posed by volcanoes are linked together."

The western Cascades are characterized by steep slopes and deep valleys carved out by rivers. The high Cascades, meanwhile, are flatter, dotted with lakes and volcanic topography such as lava flows. The Cascade Range has been built up by volcanic activity over millions of years, making the exposed rocks in the high Cascades much younger than those in the western Cascades.

As a result, the transition zone between the western Cascades and the high Cascades around Santiam Pass is a natural laboratory for understanding how volcanoes have shaped Oregon's landscape.

"What motivates our work is that it's not just how these landscapes look different topographically. It's that water moves through them in really different ways," Karlstrom said.

To better understand the flow of water through different volcanic zones, the team took advantage of projects begun in the 1980s and 90s. Past scientists had drilled deep into the ground and measured temperatures at different depths as part of the search for geothermal energy resources associated with the many hot springs that pepper the Cascades landscape.




Normally, rocks get hotter as you go deeper into the earth. But water percolating downward disrupts the temperature gradient, making rocks a kilometer deep the same temperature as rocks at the surface.

By analyzing where the temperature starts to pick up again in these deep drill holes, Karlstrom and his colleagues could infer how deeply groundwater was infiltrating through cracks in the volcanic rocks. That allowed them to map the volume of the aquifer.

Previous estimates of water availability in the Cascades took the springs at face value, measuring river and stream discharge. Instead, Karlstrom and his colleagues went deeper -- literally. But since those holes weren't originally drilled with the intent of mapping groundwater, they don't cover every area where one might like to collect such data. So the new estimate of the size of the aquifer is a lower bound, and the actual volume might be even bigger still.

While it's encouraging news that the aquifer is so much larger than previously believed, Karlstrom cautions that it's still a limited resource that must be carefully stewarded and needs further study.

"It is a big, active groundwater reservoir up there right now, but its longevity and resilience to change is set by the availability of recharging waters," he said.

The aquifer is largely replenished by snow, and snowpack in the high Cascades is expected to rapidly decrease in the coming decades. More precipitation is expected to fall as rain, which may impact the amount of recharge feeding the high Cascade aquifer. And while it's likely resilient to small year-to-year fluctuations, many years in a row of low rainfall or no snowpack would probably be a different story.

"This region has been handed a geological gift, but we really are only beginning to understand it," Grant said. "If we don't have any snow, or if we have a run of bad winters where we don't get any rain, what's that going to mean? Those are the key questions we're now having to focus on."

This research was supported by the National Science Foundation and the U.S. Forest Service.
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DNA nanorobots can alter artificial cells | ScienceDaily
Scientists at the University of Stuttgart have succeeded in controlling the structure and function of biological membranes with the help of "DNA origami." The system they developed may facilitate the transportation of large therapeutic loads into cells. This opens up a new way for the targeted administration of medication and other therapeutic interventions. Thus, a very valuable instrument can be added to the toolbox of synthetic biology. Prof. Laura Na Liu and her team published their findings in the journal Nature Materials.


						
The shape and morphology of a cell play a key role in the biological function. This corresponds to the principle of "form follows function," which is common in modern fields of design and architecture. The transfer of this principle to artificial cells is a challenge in synthetic biology. Advances in DNA nanotechnology now offer promising solutions. They allow the creation of novel transport channels that are large enough to facilitate the passage of therapeutic proteins across cell membranes. In this emerging field, scientists such as Prof. Laura Na Liu, Director of the 2nd Physics Institute at the University of Stuttgart and Fellow at the Max Planck Institute for Solid State Research (MPI-FKF), have developed an innovative tool for controlling the shape and permeability of lipid membranes in synthetic cells. These membranes are made up of lipid bilayers that enclose an aqueous compartment and serve as simplified models of biological membranes. They are useful for studying membrane dynamics, protein interactions, and lipid behavior.

A milestone in the application of DNA nanotechnology

This new tool may pave the way for the creation of functional synthetic cells. The scientific work of Laura Na Liu aims to significantly influence the research and development of new therapies. Liu and her team have succeeded in using signal-dependent DNA nanorobots to enable programmable interactions with synthetic cells. "This work is a milestone in the application of DNA nanotechnology to regulate cell behavior," Liu says. The team works with giant unilamellar vesicles (GUVs), which are simple, cell-sized structures that mimic living cells. Using DNA nanorobots, the researchers were able to influence the shape and functionality of these synthetic cells.

New transport channels for proteins and enzymes

DNA nanotechnology is one of Laura Na Liu's main research areas. She is an expert in DNA origami structures -- DNA strands that are folded by means of specifically designed shorter DNA sequences, so-called staples. The team of Liu used DNA origami structures as reconfigurable nanorobots that can reversibly change their shape and thereby influence their immediate environment in the micrometer range. The researchers found that the transformation of these DNA nanorobots can be coupled with the deformation of the GUVs and the formation of synthetic channels in the model GUV membranes. These channels allowed large molecules to pass through the membrane and can be resealed if necessary.

Fully artificial DNA structures for biological environments

"This means that we can use DNA nanorobots to design the shape and configuration of GUVs to enable the formation of transport channels in the membrane," says Prof. Stephan Nussberger, who is a co-author of this work. "It is extremely exciting that the functional mechanism of the DNA nanorobots on GUVs has no direct biological equivalent in living cells," adds Nussberger.




The new work raises new questions: Could synthetic platforms -- such as DNA nanorobots -- be designed with less complexity than their biological counterparts, which would nevertheless function in a biological environment?

Understanding disease mechanisms and improving therapies

The new study is an important step in this direction. The system of cross-membrane channels, created by DNA nanorobots, allows an efficient passage of certain molecules and substances into the cells. Most importantly, these channels are large and can be programmed to close when needed. When applied to living cells, this system can facilitate the transportation of therapeutic proteins or enzymes to their targets in the cell. It thus offers new possibilities for the administration of drugs and other therapeutic interventions. "Our approach opens up new possibilities to mimic the behavior of living cells. This progress could be crucial for future therapeutic strategies," says Prof. Hao Yan, one of the co-authors of this work.
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New study unveils breakthrough in understanding cosmic particle accelerators | ScienceDaily
Scientists have come a step closer to understanding how collisionless shock waves -- found throughout the universe -- are able to accelerate particles to extreme speeds.


						
These shock waves are one of nature's most powerful particle accelerators and have long intrigued scientists for the role they play in producing cosmic rays -- high-energy particles that travel across vast distances in space.

The research, published today in Nature Communications, combines satellite observations from NASA's MMS (Magnetospheric Multiscale) and THEMIS/ARTEMIS missions with recent theoretical advancements, offering a comprehensive new model to explain the acceleration of electrons in collisionless shock environments.

The paper, 'Revealing an Unexpectedly Low Electron Injection Threshold via Reinforced Shock Acceleration', was written by a team of international academics, led by Dr Savvas Raptis of The Johns Hopkins University Applied Physics Laboratory, in the USA, and in collaboration with Northumbria University's Dr Ahmad Lalti.

This research addresses a long-standing puzzle in astrophysics -- how electrons reach extremely high, or relativistic, energy levels.

For decades, scientists have been trying to answer a crucial question in space physics: What processes allow electrons to be accelerated to relativistic speeds?

The main mechanism to explain acceleration of electrons to relativistic energies is called Fermi acceleration or Diffusive Shock Acceleration (DSA). However, this mechanism requires electrons to be initially energized to a specific threshold energy before getting efficiently accelerated by DSA. Trying to address how electrons achieve this initial energy is known as 'the injection problem'.




This new study provides key insights into the electron injection problem, showing that electrons can be accelerated to high energies through the interaction of various processes across multiple scales.

Using real-time data from the MMS mission, which measures the interaction of Earth's magnetosphere with the solar wind, and the THEMIS/ARTEMIS mission, which studies the upstream plasma environment near the Moon, the research team observed a large scale, time dependent (i.e. transient) phenomenon, upstream of Earth's bow shock, on December 17, 2017.

During this event, electrons in Earth's foreshock region -- an area where the solar wind is predisturbed by its interaction with the bow shock -- reached unprecedented energy levels, surpassing 500 keV.

This is a striking result given that electrons observed in the foreshock region are typically found at energies ~1 keV.

This research suggests that these high-energy electrons were generated by the complex interplay of multiple acceleration mechanisms, including the interaction of electrons with various plasma waves, transient structures in the foreshock, and Earth's bow shock.

All of those mechanisms act together to accelerate electrons from low energies ~ 1keV up to relativistic energies reaching the observed 500 keV, resulting in a particularly efficient electron acceleration process.




By refining the shock acceleration model, this study provides new insight into the workings of space plasmas and the fundamental processes that govern energy transfer in the universe.

As a result, the research opens new pathways for understanding cosmic ray generation and offers a glimpse into how phenomena within our solar system can guide us to understand astrophysical processes throughout the Universe.

Dr. Raptis believes that studying phenomena across different scales is crucial for understanding nature. "Most of our research focuses on either small-scale effects, like wave-particle interactions, or large-scale properties, like the influence of solar wind," he says.

"However, as we demonstrated in this work, by combining phenomena across different scales, we were able to observe their interplay that ultimately energize particles in space."

Dr Ahmad Lalti added: "One of the most effective ways to deepen our understanding of the universe we live in is by using our near-Earth plasma environment as a natural laboratory.

"In this work, we use in-situ observation from MMS and THEMIS/ARTEMIS to show how different fundamental plasma processes at different scales work in concert to energize electrons from low energies up to high relativistic energies.

"Those fundamental processes are not restricted to our solar system and are expected to occur across the universe.

"This makes our proposed framework relevant for better understanding electron acceleration up to cosmic-ray energies at astrophysical structures light-years away from our solar system, such as at other stellar systems, supernovae remnants, and active galactic nuclei."
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Chornobyl dogs' genetic differences not due to mutation | ScienceDaily
Radiation-induced mutation is unlikely to have induced genetic differences between dog populations in Chornobyl City and the nearby Chornobyl Nuclear Power Plant (NPP), according to a new study in PLOS ONE from North Carolina State University and Columbia University Mailman School of Public Health. The study has implications for understanding the effects of environmental contamination on populations over time.


						
"We have been working with two dog populations that, while separated by just 16 kilometers, or about 10 miles, are genetically distinct," says Matthew Breen, Oscar J. Fletcher Distinguished Professor of Comparative Oncology Genetics at NC State. "We are trying to determine if low-level exposure over many years to environmental toxins such as radiation, lead, etcetera, could explain some of those differences." Breen is the corresponding author of the study.

Previously, the team had analyzed genetic variants distributed across the genome and identified 391 outlier regions in the dogs that differed between the two populations. Some of these regions contained genes associated specifically with repair of DNA damage. In this new study, the researchers conducted a deeper dive into the genomes of the dogs to detect evidence of mutations that may have accumulated over time.

"First, we contextualized the level of genetic differences between two dog populations, which indicated that the genetics of Chornobyl City dogs were very similar to dog populations in Russia, Poland and the surrounding areas," says Megan Dillon, Ph.D. candidate at NC State and lead author of the study. "That way, we were able to use the Chornobyl City dogs as a representative control population to compare with the NPP dogs."

The researchers started to look for differences first at the chromosomal level, then at small genome intervals, and then at differences in single nucleotides. The team was looking for abnormalities and evidence of accumulated germ line DNA mutations, changes that occur in DNA of reproductive cells and are passed down from parent to offspring over time.

"Think of it like using the zoom function on your phone's camera to get more details -- we start with a wide view of a subject and then zoom in," Breen says. "We know that, for example, exposure to high doses of radiation can introduce instability from the chromosomal level on down. While this dog population is 30 or more generations removed from the one present during the 1986 disaster, mutations would likely still be detectable if they conferred a survival advantage to those original dogs. But we didn't find any such evidence in these dogs."

While no evidence of genetic mutation was found, the researchers add that it doesn't rule out the role of selective pressures in explaining the differences between the two dog populations.




"In human terms, this would be like studying a population that is centuries removed from the one present at the time of the disaster," Dillon says. "It's possible that the dogs that survived long enough to breed already had genetic traits that increased their ability to survive. So perhaps there was extreme selective pressure at the start, and then the dogs at the power plant just remained separate from the city population. Investigating that question is an important next step that we are now working on."

The researchers point out that these findings are merely part of the bigger picture of the role that adverse environmental exposures can play in canine -- and human -- health.

"Most people think of the Chornobyl nuclear accident as a radiological disaster in an abandoned corner of Ukraine, but the potential adverse health implications are much wider," says Norman Kleiman, co-author and professor of environmental health sciences at the Columbia University School of Public Health. "This is due to the many other toxins -- including heavy metals, lead powder, pesticides, and asbestos -- released into the environment during the ensuing cleanup and remediation over three decades.

"While noone lives at the NPP or in Pripyat anymore, up until the Russian invasion many thousands of people continued to work there every day on remediation and construction projects nearby," Kleiman says. "Studying companion animals like these dogs offers a window into the kinds of adverse health risks that people may face."

In addition to looking at the genetics of the dogs, the team also recently identified differences in ticks recovered from the dogs at the power plant and Chornobyl City and the prevalence of the pathogens they transmit. These results, published in the journal Parasites and Vectors, may reflect differential exposures to both ticks and microbes at the two locations.

"The importance of continuing to study the environmental health aspects of large-scale disasters like this cannot be overemphasized," Kleiman said, "as it is certain, given our increasingly technological and industrial societies, there will invariably be other such disasters in the future, and we need to understand the potential health risks and how best to protect people."

Allison Dickey, research scholar at NC State; Reade Roberts, associate professor of biological sciences at NC State; Jennifer Betz, veterinarian with Visiting Veterinarians International; and Timothy Mousseau, professor of biological sciences at the University of South Carolina, co-authored the work.
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X-ray flashes from a nearby supermassive black hole accelerate mysteriously | ScienceDaily
One supermassive black hole has kept astronomers glued to their scopes for the last several years. First came a surprise disappearance, and now, a precarious spinning act.


						
The black hole in question is 1ES 1927+654, which is about as massive as a million suns and sits in a galaxy that is 100 million light-years away. In 2018, astronomers at MIT and elsewhere observed that the black hole's corona -- a cloud of whirling, white-hot plasma -- suddenly disappeared, before reassembling months later. The brief though dramatic shut-off was a first in black hole astronomy.

Members of the MIT team have now caught the same black hole exhibiting more unprecedented behavior.

The astronomers have detected flashes of X-rays coming from the black hole at a steadily increasing clip. Over a period of two years, the flashes, at millihertz oscillations, increased in frequency from every 18 minutes to every seven minutes. This dramatic speed-up in X-rays has not been seen from a black hole until now.

The researchers explored a number of scenarios for what might explain the flashes. They believe the most likely culprit is a spinning white dwarf -- an extremely compact core of a dead star that is orbiting around the black hole and getting precariously closer to its event horizon, the boundary beyond which nothing can escape the black hole's gravitational pull. If this is the case, the white dwarf must be pulling off an impressive balancing act, as it could be coming right up to the black hole's edge without actually falling in.

"This would be the closest thing that we know of around any black hole," says Megan Masterson, a graduate student in physics at MIT, who co-led the discovery. "This tells us that objects like white dwarfs may be able to live very close to an event horizon for a relatively extended period of time."

The researchers present their findings today at the 245th meeting of the American Astronomical Society in National Harbor, Maryland.




If a white dwarf is at the root of the black hole's mysterious flashing, it would also give off gravitational waves, in a range that would be detectable by next-generation observatories such as NASA's Laser Interferometer Space Antenna (LISA).

"These new detectors are designed to detect oscillations on the scale of minutes, so this black hole system is in that sweet spot," says co-author Erin Kara, associate professor of physics at MIT.

The study's other co-authors include MIT Kavli members Christos Panagiotou, Joheen Chakraborty, Kevin Burdge, Riccardo Arcodia, Ronald Remillard, and Jingyi Wang, along with collaborators from multiple other institutions.

Nothing normal

Kara and Masterson were part of the team that observed 1ES 1927+654 in 2018, as the black hole's corona went dark, then slowly rebuilt itself over time. For a while, the newly reformed corona -- a cloud of highly energetic plasma and X-rays -- was the brightest X-ray-emitting object in the sky.

"It was still extremely bright, though it wasn't doing anything new for a couple years and was kind of gurgling along. But we felt we had to keep monitoring it because it was so beautiful," Kara says. "Then we noticed something that has never really been seen before."

In 2022, the team looked through observations of the black hole taken by the European Space Agency's XMM-Newton, a space-based observatory that detects and measures X-ray emissions from black holes, neutron stars, galactic clusters, and other extreme cosmic sources. They noticed that X-rays from the black hole appeared to pulse with increasing frequency. Such "quasi-periodic oscillations" have only been observed in a handful of other supermassive black holes, where X-ray flashes appear with regular frequency.




In the case of 1ES 1927+654, the flickering seemed to steadily ramp up, from every 18 minutes to every seven minutes over the span of two years.

"We've never seen this dramatic variability in the rate at which it's flashing," Masterson says. "This looked absolutely nothing like a normal black hole."

The fact that the flashing was detected in the X-ray band points to the strong possibility that the source is somewhere very close to the black hole. The innermost regions of a black hole are extremely high-energy environments, where X-rays are produced by fast-moving, hot plasma. X-rays are less likely to be seen at farther distances, where gas can circle more slowly in an accretion disk. The cooler environment of the disk can emit optical and ultraviolet light, but rarely gives off X-rays.

"Seeing something in the X-rays is already telling you you're pretty close to the black hole," Kara says. "When you see variability on the timescale of minutes, that's close to the event horizon, and the first thing your mind goes to is circular motion, and whether something could be orbiting around the black hole."

X-ray kick-up

Whatever was producing the X-ray flashes was doing so at an extremely close distance from the black hole, which the researchers estimate to be within a few million miles of the event horizon.

Masterson and Kara explored models for various astrophysical phenomena that could explain the X-ray patterns that they observed, including a possibility relating to the black hole's corona.

"One idea is that this corona is oscillating, maybe blobbing back and forth, and if it starts to shrink, those oscillations get faster as the scales get smaller," Masterson says. "But we're in the very early stages of understanding coronal oscillations."

A more likely scenario, and one that scientists have a better grasp on in terms of the physics involved, has to do with a daredevil of a white dwarf.

"These things are really small and quite compact, and we hypothesize that it's a white dwarf that is getting so close to the black hole," Masterson says.

According to their modeling, the researchers estimate the white dwarf could have been about one-tenth the mass of the sun. In contrast, the supermassive black hole itself is on the order of 1 million solar masses.

When any object gets this close to a supermassive black hole, gravitational waves are expected to be emitted, dragging the object closer to the black hole. As it circles closer, the white dwarf moves at a faster rate, which can explain the increasing frequency of X-ray oscillations that the team observed.

The white dwarf is practically at the precipice of no return and is estimated to be just a few million miles from the event horizon. However, the researchers predict that the star will not fall in. While the black hole's gravity may pull the white dwarf inward, the star is also shedding part of its outer layer into the black hole. This shedding acts as a small kick-back, such that the white dwarf -- an incredibly compact object itself -- can resist crossing the black hole's boundary.

"Because white dwarfs are small and compact, they're very difficult to shred apart, so they can be very close to a black hole," Kara says. "If this scenario is correct, this white dwarf is right at the turn around point, and we may see it get further away."

The team plans to continue observing the system, with existing and future telescopes, to better understand the extreme physics at work in a black hole's innermost environments. They are particularly excited to study the system once the space-based gravitational-wave detector LISA launches -- currently planned for the mid 2030s -- as the gravitational waves that the system should give off will be in a sweet spot that LISA can clearly detect.

"The one thing I've learned with this source is to never stop looking at it because it will probably teach us something new," Masterson says. "The next step is just to keep our eyes open."
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United States dementia cases estimated to double by 2060 | ScienceDaily
A new study shows that the risk of developing dementia anytime after age 55 among Americans is 42%, more than double the risk reported by older studies.


						
That dementia risk translates into an estimated half-million cases this year, rising to 1 million new cases a year by 2060, according to the new work. Dementia involves progressive declines in memory, concentration, and judgment. The increasing number of cases is directly tied to the aging of the U.S. population. Beyond aging, a high risk of dementia is linked to genetic factors, as well as high rates of hypertension and diabetes, obesity, unhealthy diets, lack of exercise, and poor mental health.

The study authors attribute the previous underestimates of dementia risk to unreliable documentation of the illness in health records and on death certificates, minimal surveillance of early-stage cases of dementia, and the underreporting of cases among racial minority groups, who are disproportionately vulnerable.

This large study is a collaboration funded by the National Institutes of Health to NYU Langone Health and includes authors from Johns Hopkins University and other U.S. institutions. The new study relies on information gathered from the ongoing Atherosclerosis Risk in Communities Neurocognitive Study (ARIC-NCS), which, since 1987, has closely tracked the vascular health and cognitive function of nearly 16,000 participants as they age. ARIC-NCS is also, the researchers say, the longest-followed cohort of African-Americans for cognition and heart health.

Publishing in the journal Nature Medicine online Jan. 13, the study concludes that from 1987 until 2020, there were 3,252 study participants who were documented as having developed dementia. This translates to an overall lifetime risk for dementia among middle-aged Americans of 42%, which is an average of the 35% risk in men and the 48% risk in women. The excess risk in women was largely due to their lower death rates.

The new results also showed a higher risk among Black adults and in those who carried a variant of the APOE4 gene (between 45% and 60%), which codes for a protein that carries cholesterol and other lipids in the bloodstream. Having a certain version of APOE4 is thought to be the single biggest genetic risk factor in developing late-onset Alzheimer's disease.

"Our study results forecast a dramatic rise in the burden from dementia in the United States over the coming decades, with one in two Americans expected to experience cognitive difficulties after age 55," said study senior investigator and epidemiologist Josef Coresh, MD, PhD, who serves as the founding director of the Optimal Aging Institute at NYU Langone.




Coresh, the Terry and Mel Karmazin Professor in the Department of Population Health and a professor in the Department of Medicine at NYU Grossman School of Medicine, says the expected rise in dementia cases is partly tied to the facts that a progressive decline in brain function is often observed starting in middle age, that women overall live longer on average than men, and that about 58 million Americans are now over age 65. Among the study's other key findings was that the lifetime risk of dementia increases to over 50% among those who reach age 75.

However, previous findings from this study and others indicate that policies designed to prevent heart disease, such as blood pressure control and diabetes prevention, should also slow cognitive decline and prevent dementia.

"The pending population boom in dementia cases poses significant challenges for health policymakers, in particular, who must refocus their efforts on strategies to minimize the severity of dementia cases, as well as plans to provide more health care services for those with dementia," said Coresh.

Loss of hearing among older adults has also been tied to increased risk of dementia. However, only a third of Americans with hearing loss use hearing aids. To address this, Coresh recommends greater monitoring and testing, and possibly even government assistance programs to support healthy hearing among the elderly, including making hearing aids more widely available and affordable.

Coresh also argues that far more resources are needed to address racial inequities in health care, noting that while dementia numbers among White individuals are expected to double over the next four decades, rates among Black individuals are expected to triple. Health policies should heighten efforts in Black communities to improve childhood education and nutrition, which he says previous research has shown to be beneficial in staving off cognitive decline later in life.

For the latest analysis, researchers used data from the ARIC-NCS study and then modeled their projections of lifetime risk using information from the U.S. Census Bureau.




Funding support for the studies was provided by National Institutes of Health grants K24HL152440, K01DK138273, R01AG054787, 75N92022D00001, 75N92022D00002, 75N92022D00003, 75N92022D00004, 75N92022D00005, U01HL096812, U01HL096814, U01HL096899, U01HL096902, and U01Hl096917.

Besides Coresh, another NYU Langone researcher involved in this study is co-investigator Jordan Weiss, PhD.

Michael Fang, PhD, at Johns Hopkins University in Baltimore, Md., is the lead author of the study.

Other co-investigators and authors include Jiaqi Hu, MS; Marilyn Albert, PhD; A. Richey Sharrett, MD, DrPH; and Elizabeth Selvin, MPH, PhD, at Johns Hopkins; David Knopman, MD, at the Mayo Clinic in Rochester, Minn.; B. Gwen Windham, MHS, MD, and Thomas Mosley, PhD, at the University of Mississippi in Oxford; Keenan Walker, PhD, at the National Institute on Aging in Baltimore; Rebecca Gottesman, MD, PhD, at the National Institute of Neurological Disorders and Stroke in Bethesda, Md.; and Pamela Lutsey, PhD, MPH, at the University of Minnesota in Minneapolis.
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A fast-moving belly flop: Researchers unveil the unique skills of cricket frogs | ScienceDaily

Several species have fascinated observers with their abilities to skip side-to-side and leap into the air from the surface of a pond as if the water were land. One such breed native to Virginia and North Carolina is the cricket frog. The way these frogs move in the water could bring insights to tools for the future of robotics, watercraft, and more.

Jake Socha, the Samuel Herrick Professor in Mechanical Engineering, leads a research team that studies the cricket frog's unique ability to "skitter," another name for jumping multiple times in succession. The team's findings were published in the Journal of Experimental Biology, with graduate researcher Talia Weiss serving as first author.

"Skittering is not actually a well-defined word for this behavior -- one naturalist used it to describe a 'jumping on water' behavior in frogs in 1949, and since then, it's been used for this type of locomotion in all the following literature," Weiss said. "Part of this research is not only studying this behavior in cricket frogs, but to try and give 'skittering' a more precise, scientific definition."

How do they do it? In their studies, Socha's team members found that popular opinions generally state that the frog crosses the water without sinking, but doing so might still require a highly specialized anatomy. What does this frog have that other frogs don't?

"Our lab has studied a range of animals, and many exhibit fascinating behaviors in navigating their environment," Socha said. "The humble cricket frog lives nearby, and yet it still surprised us with its cabilities, further motivating our curiosity to understand the living world.

High-speed video for high-speed frogs

Cricket frogs are one of the smallest frogs in North America, easily sitting on the thumb of an average adult's hand. To observe the cricket frog in motion, team members used high-speed videography. They recorded how the frog leaps on land as well as in the water, watching the movement of their legs as they navigated both.




The team found that the frogs actually sink with each jump. While "skittering" gives a picture of the frogs freely leaping about while only their feet penetrate the water's surface, the recordings showed a different picture. Socha, Weiss, and their teammates saw that each time a frog came down from a leap, its entire body would submerge. The movement was less like a frog leaping and dancing across the water freely, and more like a plop and a jump. Their movements might more appropriately be called, "porpoising," after the movement that a porpoise or dolphin uses: leaping into the air from beneath the surface of the water.

Launching from underwater

The reason that cricket frogs have previously appeared to dance across the water when viewed by eye is largely because of their rapid motion.

To record this ultra-fast motion, the team used a 20-gallon glass tank and released the frogs into it. High speed cameras shooting up to 500 frames per second were aimed from the side of the glass tank to capture the action above and below the water's surface. As the frogs leapt, the team captured their getaway.

The footage was then slowed down to a small fraction of the original speed. When they watched the footage, team members made their surprising observation: The frogs did indeed sink.

"It's fascinating how easily we can be fooled by fast animal movements," said Socha. "Here, we're fooled by a frog that appears like a skipping stone, but is actually jumping and dunking multiple times in a row. Frogs are great jumpers, but most of them don't exhibit this porpoising behavior, and we still don't know why. Is there something special about the frog's leap, or is it simply a matter of small body size?"

By observing them in slow motion, team members could observe the motion of the frog as it retracted and extended its limbs. They also noticed that the angle of its body to the waterline played a factor, giving it the ability to balance itself in the water. They broke each jump cycle down to:
    	Takeoff, from a submerged position
    	Aerial, or time in the air following a jump
    	Re-entry, back into the water
    	Recovery, resetting for the next jump




In a little more than a single second, the frog would take off while completely submerged, extending its feet in an underwater push to propel its body above the surface. Its rear legs stayed extended while moving through the air, and its front legs moved from pressing against its body to reach forward. The extended front legs are the first to hit the water upon re-entry, and the back legs are still extended as it sinks. As it sinks, the back legs retract and bend back into a leaping position. Another jump is executed, repeating the movement.

It's basically a belly flop.

The team observed frogs doing as many as eight jumps in a row, each being fully executed in less than a second.

Understanding skittering is an important discovery for the realm of biology, but it holds other keys as well. This discovery provides a new physical basis for the future of bio-inspired robotics. It could be applied to a water testing system that is needed to be rapidly deployed, or an amphibious drone taking water depth measurements. Those futuristic devices can take cues from nature to use well-tested methods that frogs have been using for centuries.
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New fossil discovery sheds light on the early evolution of animal nervous systems | ScienceDaily
An international team of scientists has uncovered a fascinating piece of the evolutionary puzzle: how the ventral nerve cord, a key component of the central nervous system, evolved in ecdysozoan animals, a group that includes insects, nematodes, and priapulid worms. Their findings, published in Science Advances, provide valuable insights into the origins of these structures in the basal Cambrian period.


						
The research team, comprising Dr Deng Wang (Northwest University), Dr Jean Vannier (Universite de Lyon), Dr Chema Martin-Duran (Queen Mary University of London), and Dr Maria Herranz (Rey Juan Carlos University), analysed exceptionally well-preserved fossils from key Cambrian deposits. These fossils include representatives of the early-evolving Scalidophora, a subgroup of Ecdysozoa, offering a rare glimpse into the nervous system architecture of ancient animals.

Ecdysozoans include arthropods (such as insects and crabs), nematodes (roundworms), and smaller groups like kinorhynchs ("mud dragons") and priapulids ("penis worms"). Their central nervous systems, which include the brain and ventral nerve cord, have long intrigued scientists seeking to understand the evolutionary relationships between these groups.

For example, priapulids exhibit a single ventral nerve cord, while loriciferans and kinorhynchs have paired nerve cords, with kinorhynchs also developing paired ganglia. Did the ancestral ecdysozoan have a single or paired ventral nerve cord? Furthermore, while loriciferans and kinorhynchs share a similar nervous system design with arthropods, they are phylogenetically distant. Are these similarities the result of convergent evolution, or do they reflect a shared evolutionary origin?

Scalidophorans, which include priapulids, loriciferans, and kinorhynchs, first appeared in the early Cambrian. They represent a crucial lineage for investigating the evolutionary trajectory of the ventral nerve cord in ecdysozoans. By studying fossils from the Fortunian Kuanchuanpu Formation (e.g., Eopriapulites and Eokinorhynchus), the Chengjiang Biota (e.g., Xiaoheiqingella and Mafangscolex), and the Wuliuan Ottoia prolifica, the researchers identified elongate structures running along the ventral side of these ancient organisms.

"These structures closely resemble the ventral nerve cords seen in modern priapulids," explained Dr Deng Wang and Dr Jean Vannier. Their analysis indicates that these fossils preserve impressions of single ventral nerve cords, shedding light on the likely ancestral condition for scalidophorans.

Phylogenetic analysis supports the hypothesis that a single ventral nerve cord was the ancestral condition for scalidophorans. Moreover, the evolutionary grouping of nematoids and panarthropods (a clade that includes arthropods, tardigrades, and onychophorans) suggests their common ancestor also likely had a single nerve cord.




"This leads us to propose that the common ancestor of all ecdysozoans possessed a single ventral nerve cord," said Dr Chema Martin-Duran. "The paired nerve cords observed in arthropods, loriciferans, and kinorhynchs likely evolved independently, representing derived traits."

The study also highlights a connection between the evolution of paired ventral nerve cords, ganglia, and body segmentation. Loriciferans, kinorhynchs, and panarthropods exhibit varying degrees of body segmentation, suggesting that these structural changes may have co-evolved with nervous system modifications.

Dr Maria Herranz noted, "The emergence of paired nerve cords likely facilitated greater coordination of movement, particularly in segmented animals. During the Precambrian-Cambrian transition, changes in the nervous and muscular systems were likely tied to the development of appendages, enabling more complex locomotion."

This groundbreaking discovery enriches our understanding of ecdysozoan evolution and underscores the role of the fossil record in addressing key questions about early animal development. By linking nervous system structures to broader evolutionary trends, the study provides a clearer picture of how the diverse ecdysozoan lineages arose and adapted to their environments.
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'What is that?' Scientists explain white patch that appears near northern lights | ScienceDaily
A whitish, grey patch that sometimes appears in the night sky alongside the northern lights has been explained for the first time by researchers at the University of Calgary.


						
The article, which was published on Dec. 30 in the journal Nature Communications, explores a "structured continuum emission" that's associated with aurora borealis.

"You'd see this dynamic green aurora, you'd see some of the red aurora in the background and, all of a sudden, you'd see this structured -- almost like a patch -- grey-toned or white toned-emission connected to the aurora," says Dr. Emma Spanswick, PhD, lead author on the paper and an associate professor with the Department of Physics and Astronomy in the Faculty of Science.

"So, the first response of any scientist is, 'Well, what is that?'"

Spanswick says the white patch has been referenced in scientific papers before, but it has never been explained.

Her team's paper concludes it's "most certainly a heat source" and says it suggests that the aurora borealis are more complex than previously thought.

Spanswick says the discovery was made possible because an advancement in camera technology allows both amateur photographers and scientists to see true colour images of the night sky.




"Everyone has noticed the advancement in digital photography. Your cellphone can now take pictures of the aurora," she says. "That has flowed to the commercial sensor market now.

"Those types of sensors can now be found in more commercial, more robust sensors that we would use in science."

The team's research came after there was a renewed interest in continuum emission with the discovery and observations of the long, glowing ribbon of purple light known as STEVE -- or Strong Thermal Emission Velocity Enhancement.

"There are similarities between what we're seeing now and STEVE," explains Spanswick. "STEVE manifests itself as this mauve or grey-toned structure.

"To be honest, the elevation of the spectrum between the two is very similar but this, because of its association with dynamic aurora, it's almost embedded in the aurora. It's harder to pick out if you were to look at it, whereas STEVE is separate from the aurora -- a big band crossing the sky."

The latest research is also significant because it includes three UCalgary students, including undergraduate Josh Houghton who was initially hired as an intern on the project.




"I was still learning things at the time," he says. "I had just started my internship, and I very quickly got involved. It's just very, very cool."

Spanswick says Houghton did a lot of the analysis on the research, which led to his participation in the Nature paper as an undergraduate student.

"He's had one heck of an internship experience," she says.

Houghton will continue the research as part of his undergrad honours thesis, before taking on his master's degree at UCalgary next year.

The research was made possible by the Transition Region Explorer (TREx), which is a UCalgary project jointly funded by the Canadian Foundation for Innovation, the Government of Alberta and the Canadian Space Agency.

The TREx RGB and Spectograph instruments are operated and maintained by Space Environment Canada with the support of the Canadian Space Agency through its Geospace Observatory (GO) Canada initiative.
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Feeding your good gut bacteria through fiber in diet may boost body against infections | ScienceDaily

Researchers have used computational approaches including AI to analyse the gut microbiome composition of over 12,000 people across 45 countries from their stool samples. They found that a person's microbiome 'signature' can predict whether a person's gut is likely to be colonised by Enterobacteriaceae. The results are consistent across different states of health and geographic locations.

The researchers identified 135 gut microbe species that are commonly found in the absence of Enterobacteriaceae, likely protecting against infection.

Notable amongst the protective gut species are a group of bacteria called Faecalibacterium, which produce beneficial compounds called short-chain fatty acids by breaking down fibre in the foods we eat. This seems to protect against infection by a range of disease-causing Enterobacteriaceae bugs.

The researchers suggest that eating more fibre in our diet will support the growth of good bacteria -- and crowd out the bad ones to significantly reduce the risk of illness.

In contrast, taking probiotics -- which don't directly change the environment in the gut -- is less likely to affect the likelihood of Enterobacteriaceae infection.

The results are published today in the journal Nature Microbiology.




"Our results suggest that what we eat is potentially very important in controlling the likelihood of infection with a range of bacteria, including E.coli and Klebsiella pneumoniae, because this changes our gut environment to make it more hostile to invaders," said Dr Alexandre Almeida, a researcher at the University of Cambridge's Department of Veterinary Medicine and senior author of the paper.

He added: "By eating fibre in foods like vegetables, beans and whole grains, we can provide the raw material for our gut bacteria to produce short chain fatty acids -- compounds that can protect us from these pathogenic bugs."

Klebsiella pneumonia can cause pneumonia, meningitis and other infections. The alarming global rise in antibiotic resistance to this bacterial pathogen has led scientists to look for new ways of keeping it, and other similar infectious bacteria, under control.

"With higher rates of antibiotic resistance there are fewer treatment options available to us. The best approach now is to prevent infections occurring in the first place, and we can do this by reducing the opportunities for these disease-causing bacteria to thrive in our gut," said Almeida.

A new understanding of gut microbe interactions

Earlier research to understand interactions between the different bacteria in our gut has used mouse models. But some of these new results are at odds with previous findings.

The new study revealed that 172 species of gut microbe can coexist with disease-causing Enterobacteriaceae bugs. Many of these species are functionally similar to the bugs: they need the same nutrients to survive. Previously it was thought that competition for resources would stop the disease-causing bacteria from getting established in the gut.

This has important implications for treatment: taking probiotics that compete for the same nutrients with the bad bacteria to try and starve them out isn't going to work. The researchers say that it will be more beneficial to change the environment in the gut, for instance through diet, to reduce the risk of infection with Enterobacteriaceae.

"This study highlights the importance of studying pathogens not as isolated entities, but in the context of their surrounding gut microbiome," said Dr Qi Yin, a visiting researcher at the University of Cambridge's Department of Veterinary Medicine and first author of the report.
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Magma composition may drive volcanic tremor | ScienceDaily
A new study based on the sampling and analysis of volcanic ash at Cumbre Vieja volcano in the Canary Islands, located off Africa's northwest coast, suggests that the composition of magma could drive tremors during volcanic eruptions. The findings, which are detailed today in the journal Nature Geoscience in a paper led by scientists at the American Museum of Natural History and the City University of New York (CUNY), highlight the potential of volcanic ash analysis as a monitoring and forecasting tool.


						
"The volcano research community has gotten much better in recent years at forecasting the start of a volcanic eruption, but it's still hard to predict eruption style and duration," said study co-author Samantha Tramontano, a Kathryn W. Davis Postdoctoral Fellow at the Museum. "If our findings hold true for other volcanoes, we might be able to monitor interior magma properties from the surface of an eruption, and that could be very important for hazard assessment."

In September 2021, after lying dormant for 50 years, the Cumbre Vieja volcano on La Palma island, in Spain's Canary Islands, erupted, causing the evacuation of thousands of residents. Over the next 85 days, it destroyed more than 3,000 buildings and hundreds of acres of farmland. Tramontano and her advisor at the time, CUNY's Marc-Antoine Longpre, set up a system to collect near-daily samples of ashfall during the three-month eruption with help from colleagues at the Instituto Volcanologico de Canarias and the Instituto Geografico Nacional.

The samples, which captured 94 percent of the eruption timeline, were sent back to the Museum for chemical analysis of the glass within the ash, which originated from the rapidly cooled magma being ejected from the volcano, using an electron microprobe. The resulting dataset was a daily time series of the composition of the liquid part of the magma, the first of its kind.

The study revealed changes in the amount of silica in the samples, a compound that makes magma more viscous. More viscous magma is usually associated with more explosive eruptions. The researchers found that silica content was high in the eruption's first week, then gradually decreased until a sharp reversal two weeks before the eruption's end, likely marking the cutoff of the mantle magma supply.

The researchers then compared this chemical record to physical observations being made at the same time, finding a correlation between silica content and the strength of the volcano's tremor, a seismic "rattling" associated with liquid and gas movement beneath the surface. Based on modeling and further analysis, the research team proposes that the presence of more viscous magma with high silica content causes increased volcanic tremor amplitude, although further research is needed to confirm this mechanism.

In addition to offering new clues into the cause of volcanic tremor, which is a key eruption monitoring parameter, the study shows the benefit of combining petrological data collection -- like ashfall -- with geophysical data to improve eruption forecasting, hazard assessment, and decision-making during volcanic crises.

"A big challenge for petrological monitoring is the coordination of fieldwork and sample transfer during eruption crises to enable fast analysis," Longpre said. "Careful pre-planning and technological developments should make efficient, near-site sample analysis possible in the future, better supporting timely interpretation of geophysical data."
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Cleopatra's sister remains missing | ScienceDaily
An interdisciplinary research team led by anthropologist Gerhard Weber from the University of Vienna, together with experts from the Austrian Academy of Sciences, has analysed a skull that was found in the ruins of Ephesos (Turkey) in 1929. It was long speculated that it could be the remains of Arsinoe IV, the sister of the famous Cleopatra. However, the latest anthropological analyses show that the remains are those of a boy between the ages of 11 and 14 who suffered from pathological developmental disorders. His genes point to an origin in Italy or Sardinia. The results are currently being published in Scientific Reports.


						
In 1929, the Austrian archaeologist Josef Keil and his colleagues discovered a sarcophagus completely filled with water in the ruins of the once magnificent "Octagon," a splendid building on the main street of Ephesos (Turkey). No significant grave goods were found in it, but a complete skeleton. Josef Keil only took the skull with him before the researchers closed the tomb on the important "Curetes Street" (Kuretenstrasse) again. After his initial analysis in Greifswald (Germany), he assumed that the burial was that of "a very distinguished person" and probably a 20-year-old woman. Keil was unable to provide any hard data, but the skull travelled to Vienna in his luggage on the occasion of his new appointment at the University of Vienna. In 1953, Josef Weninger, head of the Institute of Anthropology at the University of Vienna, finally published an article with photos and measurements. He also came to the conclusion that the skull from the "Heroon" (Heroengrab), as it was described on a yellowed note accompanying the find, represented a young woman who was of a "refined, specialised type," which could indicate the higher aristocracy of antiquity.

The rest of the skeleton was found in Ephesos during later excavations in 1982, but this time not in the sarcophagus, but in a niche in an antechamber of the burial chamber. Due to the suspected architectural borrowing of the Octagon from the Egyptian model of the "Pharos of Alexandria" and the additional historical facts that Arsinoe IV was murdered in Ephesos around 41 BCE at the instigation of Mark Antony, Cleopatra's lover, a hypothesis arose in 1990: Arsinoe IV could have found her final resting place in this magnificent tomb in Ephesos. Since then, numerous reports and publications have surrounded this rumour.

CSI methods in modern anthropology and scientific archaeology 

The Department of Evolutionary Anthropology at the University of Vienna has expanded considerably in recent years and now utilises practically all modern methods in this discipline. Together with geneticists, dating specialists, orthodontists of the University of Vienna and archaeologists from the Austrian Academy of Sciences, the scientific work on the skull began.

In the first step, the skull was subjected to micro-computed tomography to archive its digital copy with a resolution of 80 micrometres for all time. The scientists then took small samples in the milligram range from the base of the skull and the inner ear to determine age and genetic status. The data from the mass spectrometer was compared with the latest calibration curves, which even took into account the presumed dietary composition. The skull therefore dates to between 36 and 205 BCE, which corresponds well with the traditional date of death of Arsinoe IV in 41 BCE. The geneticists also found a match between the skull and existing samples of the femur. The skeleton that was later found in the anteroom of the Octagon therefore actually belonged to the same person as the skull that Josef Keil had removed from the sarcophagus in 1929. "But then came the big surprise: in repeated tests, the skull and femur both clearly showed the presence of a Y chromosome -- in other words, a male," explains Gerhard Weber.

The morphological evaluation of the skull and the micro-CT data revealed that the boy from the Octagon was still in his puberty and was around 11 to 14 years old. This is confirmed by the high-resolution images of the dental roots and the still developing skull base. However, he obviously suffered from pathological development in general. One of his cranial sutures, which normally only fuses at the age of 65, was already closed in his case. This gave the skull a very asymmetrical shape.

The most striking feature, however, was the underdeveloped upper jaw, which was unusually angled downwards and presumably led to major problems with chewing. This is also confirmed by the conspicuous angles of the temporomandibular joints and the dental findings of two teeth remaining in the jaw. The first permanent molar, the first tooth of the permanent dentition and therefore usually the longest in use, showed no signs of use at all. The first premolar, on the other hand, which only appears a few years later in the dentition, was chewed down and had clear cracks, presumably as a result of overloading. The researchers conclude that there was no regular tooth contact, a consequence of the growth anomaly of the jaws and face. What led to the growth disorders remains unclear for the time being. It could have been a vitamin-D deficiency, for example. Genetic syndromes such as Treacher Collins syndrome also lead to an appearance similar to that of the boy in the Octagon.

The end of a rumour and the beginning of a new search

It is now clear that it was not Cleopatra's sister who was buried in the Octagon in Ephesos, but a young man with developmental disorders who was presumably Roman. The reason for the architectural references to Egypt in this building remains an open question. What is clear is that the tomb was intended for a person of very high social status. In any case, the results of this study open up a wide field for exciting new research. And the search for the remains of Arsinoe IV can now be resumed free of rumours.
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Red light linked to lowered risk of blood clots | ScienceDaily
Humans and mice exposed to long-wavelength red light had lower rates of blood clots that can cause heart attacks, lung damage and strokes, according to research led by University of Pittsburgh School of Medicine and UPMC surgeon-scientists and published today in the Journal of Thrombosis and Haemostasis.


						
The findings, which need to be verified through clinical trials, have the potential to reduce blood clots in veins and arteries, which are leading causes of preventable death worldwide.

"The light we're exposed to can change our biological processes and change our health," said lead author Elizabeth Andraska, M.D., assistant professor of surgery in Pitt's Trauma and Transfusion Medicine Research Center and vascular surgery resident at UPMC. "Our findings could lead to a relatively inexpensive therapy that would benefit millions of people."

Scientists have long connected light exposure to health outcomes. The rising and setting of the sun underlies metabolism, hormone secretion, even the flow of blood, and heart attacks and stroke are more likely to happen in the morning hours than at night. Andraska and her colleagues wondered if light could have an impact on the blood clots that lead to these conditions.

To test this idea, the team exposed mice to 12 hours of either red, blue or white light, followed by 12 hours of darkness, in a 72-hour cycle. They then looked for differences in blood clots between the groups. The mice exposed to red light had nearly five times fewer clots than the mice exposed to blue or white light. Activity, sleep, eating, weight and body temperature remained the same between the groups.

The team also analyzed existing data on more than 10,000 patients who had cataract surgery and received either conventional lenses that transmit the entire visible spectrum of light, or blue light-filtering lenses, which transmit about 50% less blue light. They discovered that cancer patients who received blue light-filtering lenses had lower risk of blood clots compared to their counterparts with conventional lenses. This is especially notable because cancer patients have nine times the risk of blood clots of non-cancer patients.

"These results are unraveling a fascinating mystery about how the light to which we're exposed on a daily basis influences our body's response to injury," said senior author Matthew Neal, M.D., professor of surgery, Watson Fund in Surgery Chair and co-director of the Trauma and Transfusion Medicine Research Center at Pitt, and trauma surgeon at UPMC. "Our next steps are to figure out why, biologically, this is happening, and to test if exposing people at high risk for blood clots to more red light lowers that risk. Getting to the bottom of our discovery has the potential to massively reduce the number of deaths and disabilities caused by blood clots worldwide."

The recently published study indicates that the optic pathway is key -- light wavelength didn't have any impact on blind mice, and shining light directly on blood also didn't cause a change in clotting.




The team observed that red light exposure is associated with less inflammation and activation of the immune system. For example, red light-exposed mice had fewer neutrophil extracellular traps -- aptly abbreviated as "NETs" -- which are web-like structures made by immune cells to trap invading microorganisms. They also trap platelets, which can lead to clots.

The mice exposed to red light also had increased fatty acid production, which reduces platelet activation. Since platelets are essential to forming clots, this naturally leads to less clot formation.

Understanding how the red light is triggering changes that lower clotting risk could also put scientists on the track of better medications or therapies that could be more potent and convenient for patients than continuous red light exposure.

In preparation for clinical trials, the team is developing red light goggles to control the amount of light exposure study participants receive and investigating who may most benefit from red light

Additional authors on this research are Frederik Denorme, Ph.D., Robert Campbell, Ph.D., and Matthew R. Rosengart, M.D., all of Washington University in St. Louis; Christof Kaltenmeier, M.D., Aishwarrya Arivudainabi, Emily P. Mihalko, Ph.D., Mitchell Dyer, M.D., Gowtham K. Annarapu, Ph.D., Mohammadreza Zarisfi, M.D., Patricia Loughran, Ph.D., Mehves Ozel, M.D., Kelly Williamson, Ph.D., Roberto Mota-Alvidrez, M.D., Sruti Shiva, Ph.D., Susan Shea, Ph.D., and Richard A. Steinman, M.D., Ph.D., all of Pitt; and Kimberly Thomas, Ph.D., of Vitalant Research Institute.

This research was supported by National Institutes of Health grants R35GM119526, K01AG059892, R01HL163019, R01GM147121, R01GM145674, T32HL98036 and S10OD028483, the University of Pittsburgh Center for Research Computing, National Center for Research Resources Shared Instrumentation grants 1S10OD016232-01, 1S10OD018210-01A1 and 1S10OD021505-01, American Heart Association 2021Post830138 award, and a Physician-Scientist Institutional Award from the Burroughs Wellcome Fund.
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Rapid return of water from ground to atmosphere through plants | ScienceDaily
A new study led by scientists in the Schmid College of Science and Technology at Chapman University provides the first comprehensive global estimates of the amount of water stored in Earth's plants and the amount of time it takes for that water to flow through them. The information is a missing piece of the puzzle in understanding the global water cycle and how that cycle is being altered by changes in land use and climate.


						
The study, published today, January 9, in the journal Nature Water, finds that Earth's vegetation stores about 786 km3 of water, only about 0.002% of the total amount of freshwater stored on Earth. The study also finds that the time it takes for water to flow through plants (referred to as transit or turnover time) and return to the atmosphere is among the fastest in the global water cycle, ranging from just five days in croplands to 18 days in evergreen needleleaf forests. The transit of water through plants is particularly fast in croplands, grasslands and savannas. The results underscore vegetation's dynamic role in the water cycle. In comparison to the global annual median of 8.1 days for water to transit through plants from entry to exit, the water in lakes is estimated to take 17 years, and the water in glaciers is estimated to take 1600 years.

"We have known for a long time that most of the water that returns from the ground to the atmosphere does so through plants, but until now, we did not really know how long it took for that water to transit through plants. Our results show that the transit of water through plants occurs on the order of days, rather than months, years, or centuries, as it does in other parts of the water cycle," said the study's lead author Dr. Andrew Felton, who carried out the work as part of a U.S. Department of Agriculture Fellowship while at Chapman University and is now a professor at Montana State University.

The research team notes that by combining estimates of the transit of water through plants with the transit of water through the atmosphere (about 8-10 days) and the transit time of water through soil before being taken up by plants (about 60 to 90 days), they can begin to estimate the complete amount of time it takes for a drop of water to move through the terrestrial water cycle.

"Plants are the forgotten part of the global water cycle," said Felton. "In many cases, plants are not even represented on water cycle diagrams, which is ironic because we already know they play this critical role in returning water from the ground to the atmosphere."

To generate the estimates, the research team first calculated the amount of water stored in plants using data from NASA's Soil Moisture Active Passive Mission (SMAP) satellite mission, which provided high-resolution estimates of the water in soils. The SMAP mission originally saw plants as interfering with the soil moisture measurements, and was correcting for their presence. The Chapman researchers found those corrections actually held valuable information for understanding the water cycle. The team combined estimates of plant water storage with cutting-edge estimates of the rates at which water is leaving plants to determine the transit time of water through vegetation. The result was five years of monthly water storage and transit time estimates at a spatial resolution of 9 km2.

The research team also found that the transit time of water through vegetation varied considerably across different land cover types, climate and seasons. The transit time of water through croplands was significantly and consistently the fastest, with water transiting through plants in less than a day during the peak of the growing season.

"One important observation is that croplands around the world tend to have very similar and very fast transit times," said Dr. Gregory Goldsmith, senior author and an associate professor of Biological Sciences at Chapman University. "This indicates that land use change may be homogenizing the global water cycle and contributing to its intensification by more rapidly recycling water back to the atmosphere where it can turn into heavy rain events."

"The results suggest that the transit time of water through plants is likely to be very sensitive to events such as deforestation, drought and wildfire, which will fundamentally change the time it takes for water to flow through the water cycle," Felton said.
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Pet dogs often overlooked as spreader of antimicrobial-resistant Salmonella | ScienceDaily
Antibiotic-resistant Salmonella is a serious public health concern that has increased in recent years as the bacteria have developed ways to survive drugs. According to the U.S. Centers for Disease Control and Prevention, people can get Salmonella from eating contaminated food products or from infected people or animals -- typically via unintentional contact with feces via touching hands or stroking a pet. However, a team of Penn State researchers have found that household dogs are an overlooked transmission point for zoonotic pathogens such as nontyphoidal Salmonella, which can cause diarrhea, fever and abdominal cramps, with some infections potentially having life-threatening complications.


						
The findings were made available online ahead of the next print edition of the journal Zoonoses and Public Health. Given the proximity of dogs to humans and the use of critically important antibiotics in companion animal medicine, the researchers reported, household dogs represent a risk for the spread of antimicrobial-resistant Salmonella. They explained that better awareness of the risk and proper hygiene could potentially help mitigate cross-species infections.

Salmonella infections in dogs can be clinical -- showing signs or symptoms -- or asymptomatic with numerous studies reporting Salmonella isolation from clinically healthy dogs, according to team leader Erika Ganda, assistant professor of food animal microbiomes, Penn State College of Agricultural Sciences. A major concern, she explained, is the closeness of humans and pet dogs that creates ample opportunity for Salmonella "zoonosis" -- the disease transmitted to humans from animals -- and pet-management decisions involving food contamination, improper food handling or both can increase the likelihood of infection.

To investigate antimicrobial-resistant Salmonella and the zoonotic potential of nontyphoidal Salmonella isolated from dogs and humans, the researchers leveraged existing biosurveillance infrastructure. Using the U.S. Food & Drug Administration's Veterinary Laboratory Investigation and Response Network, they identified all nontyphoidal Salmonella strains isolated from domestic dogs between May 2017 and March 2023.

Then they matched the timing and location of those 87 cases to strains isolated from humans in the National Center for Biotechnology Information database maintained by the National Library of Medicine at the National Institutes of Health, which provides access to biomedical and genomic information. They found 77 suspected zoonotic cases -- meaning the bacteria moved from a pet dog to a human -- comprising 164 strains, collected from 17 states in the United States.

Strains isolated from dogs included diverse serovars, or distinct variations within the species of bacteria, with most being clinically relevant to human health, the researchers reported. While the datasets did not contain information on severity of infection or treatments, the researchers did find that all identified strains possessed antimicrobial resistance genes for drug classes deemed critically or highly important by the World Health Organization.

"We identified 16 nontyphoidal Salmonella isolates from humans closely related to more than one of six dog-associated strains," said Sophia Kenney, a student in the molecular, cellular and integrative biosciences doctoral program, and in the Department of Animal Science, who spearheaded the study. "Collectively, our data emphasize the importance of antimicrobial stewardship and sustained biosurveillance beyond human and agriculture-associated veterinary medicine, using a 'One Health' framework, that accounts for all transmission points -- including companion animals. One Health isan approach that recognizes that the health of people is closely connected to the health of animals and our shared environment."

Antimicrobial stewardship in companion animal veterinary medicine is crucial for mitigating antimicrobial resistance within the One Health model, Kenney explained.




"Especially with Salmonella, we think about the role of agriculture and transmission -- we think about eggs, we think about beef. But the thing is, we don't let cows sleep in our beds or lick our faces, but we do dogs," she said. "We have this close bond with companion animals in general, and we have a really close interface with dogs. So, we asked the question: What's the role of companion animals in transmission of zoonotic disease like Salmonella, since they can get it. Salmonella infections in dogs are not common but we're aware of foodborne outbreaks related to pet treats or from contact with contaminated pet food and improper food handling."

Study co-author Nkuchia M'ikanatha, lead epidemiologist for the Pennsylvania Department of Health and an affiliated researcher in Penn State's Department of Food Science, referred to an outbreak of multidrug-resistant Salmonella infections in people linked to pig ear pet treats in the United States a few years ago that sickened 154 people across 34 states.

"This reminds us that simple hygiene practices such as hand washing are needed to protect both our furry friends and ourselves -- our dogs are family but even the healthiest pup can carry Salmonella," he said. "Salmonella is a quintessential human microbe, its presence intertwined with our history since the dawn of agriculture. Emerging research suggests this pathogen may have shadowed humanity for some 10,000 years, coinciding with the rise of animal domestication. With nearly 40% of Pennsylvania households and over half of U.S. homes including dogs, we must respect the enduring threat of Salmonella and remain vigilant in preventing its spread within our families."

Bacteria are never entirely "bad" or "good" -- their role depends on the context, Ganda pointed out. While some bacteria, like Salmonella, can pose serious health risks, others are essential for maintaining our health and the health of our pets. It is important to remain vigilant and informed about potential risks, especially when living closely with animals, she added.

"At the same time, several studies highlight the significant physical and mental health benefits of owning a dog, including reduced stress and increased physical activity," Ganda said. "Our goal is not to discourage pet ownership but to ensure that people are aware of potential risks and take simple steps, like practicing good hygiene, to keep both their families and their furry companions safe."

This work was supported by funds from the U.S. Department of Agriculture, the U.S. Centers for Disease Control and Prevention, the National Institutes of Health and the U.S. Food and Drug Administration.
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Disovery of new skeletal tissue advances regenerative medicine potential | ScienceDaily
An international research team led by the University of California, Irvine has discovered a new type of skeletal tissue that offers great potential for advancing regenerative medicine and tissue engineering.


						
Most cartilage relies on an external extracellular matrix for strength, but "lipocartilage," which is found in the ears, nose and throat of mammals, is uniquely packed with fat-filled cells called "lipochondrocytes" that provide super-stable internal support, enabling the tissue to remain soft and springy -- similar to bubbled packaging material.

The study, published online today in the journal Science, describes how lipocartilage cells create and maintain their own lipid reservoirs, remaining constant in size. Unlike ordinary adipocyte fat cells, lipochondrocytes never shrink or expand in response to food availability.

"Lipocartilage's resilience and stability provide a compliant, elastic quality that's perfect for flexible body parts such as earlobes or the tip of the nose, opening exciting possibilities in regenerative medicine and tissue engineering, particularly for facial defects or injuries," said corresponding author Maksim Plikus, UC Irvine professor of developmental and cell biology. "Currently, cartilage reconstruction often requires harvesting tissue from the patient's rib -- a painful and invasive procedure. In the future, patient-specific lipochondrocytes could be derived from stem cells, purified and used to manufacture living cartilage tailored to individual needs. With the help of 3D printing, these engineered tissues could be shaped to fit precisely, offering new solutions for treating birth defects, trauma and various cartilage diseases."

Dr. Franz Leydig first recognized lipochondrocytes in 1854, when he noted the presence of fat droplets in the cartilage of rat ears, a finding that was largely forgotten until now. With modern biochemical tools and advanced imaging methods, UC Irvine researchers comprehensively characterized lipocartilage's molecular biology, metabolism and structural role in skeletal tissues.

They also uncovered the genetic process that suppresses the activity of enzymes that break down fats and reduce the absorption of new fat molecules, effectively locking lipochondrocytes's lipid reserves in place. When stripped of its lipids, the lipocartilage becomes stiff and brittle, highlighting the importance of its fat-filled cells in maintaining the tissue's combination of durability and flexibility. In addition, the team noted that in some mammals, such as bats, lipochondrocytes assemble into intricate shapes, like parallel ridges in their oversized ears, which may enhance hearing acuity by modulating sound waves.

"The discovery of the unique lipid biology of lipocartilage challenges long-standing assumptions in biomechanics and opens doors to countless research opportunities," said the study's lead author, Raul Ramos, a postdoctoral researcher in the Plikus laboratory for developmental and regenerative biology. "Future directions include gaining an understanding of how lipochondrocytes maintain their stability over time and the molecular programs that govern their form and function, as well as insights into the mechanisms of cellular aging. Our findings underscore the versatility of lipids beyond metabolism and suggest new ways to harness their properties in tissue engineering and medicine."

The team included healthcare professionals and academics from the U.S., Australia, Belarus, Denmark, Germany, Japan, South Korea and Singapore, as well as staff from the Serrano Animal & Bird Hospital in Lake Forest and the Santa Ana Zoo.

This work was supported in part by the W.M. Keck Foundation under grant WMKF-5634988; UCI Beall Applied Innovation under Proof of Product grant IR-PR57179; LEO Foundation grants LF-AW-RAM-19-400008 and LF-OC-20-000611; Chan Zuckerberg Initiative grant AN-0000000062; Horizon Europe grant 101137006; National Institutes of Health grants U01-AR073159, R01- AR079470, R01-AR079150, R21-AR078939, P30-AR075047, R01-AR078389-01, R01-DE015038, R01-AR071457, R01-AR067821, R01GM152494, R01DE030565, TL1-TR001415, R01-DE013828, R01- DE30565, R01-HD073182, R01-AR067797, R01-DE017914 and MBRS-IMSD training grant GM055246; National Science Foundation grants DMS1951144, IOS-2421118, DMS1763272, CBET2134916, NSF-GRFP DGE-1321846 and MCB 2028424. Additional backing came from Simons Foundation grant 594598, the Yoshida Scholarship Foundation, a Howard A. Scheiderman Fellowship Award, the Ben F. Love Chair in Cancer Research at Baylor College of Medicine, the UC Riverside School of Medicine Dean's Postdoc to Faculty Program and the Danish Cancer Society.
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Chimpanzees are genetically adapted to local habitats and infections such as malaria | ScienceDaily
Chimpanzees bear genetic adaptations that help them thrive in their different forest and savannah habitats, some of which may protect against malaria, according to a study by an international team led by UCL researchers.


						
Chimpanzees are our closest living relatives, sharing over 98% of their DNA with humans, and the scientists say that their findings, published in Science, can not only teach us about our own evolutionary history, but also about the biology of malaria infection in humans.

Chimpanzees are endangered due to habitat destruction, poaching and infectious disease. The results of this study could also inform conservation as they suggest that climate and land use changes will likely have different impacts on different chimpanzee groups.

Lead author Professor Aida Andres (UCL Genetics Institute) said: "There are just a few hundred thousand chimpanzees alive, but they are found across very different landscapes from east Africa to the far west of the continent, including dense tropical rainforests and open areas of woodland and savannah. This makes them quite unique, because except for humans, all other apes live exclusively in forests.

"Here we have shown that besides acquiring behavioural adaptations, different chimpanzee populations have evolved genetic differences to survive in their different local habitats.

"As chimpanzees are facing threats across their range, including environmental changes to the climate and displacement due to human pressures, it is important that their genetic diversity is conserved to maintain their resilience and ensure the long-term survival of this intelligent and fascinating species."

To study genetic adaptation, the international team of researchers, from institutions across Africa, Europe and North America, needed to obtain DNA from the endangered and highly elusive wild chimpanzees without disturbing them. To do so, they used faecal samples that were collected as part of the Pan African Programme: The Cultured Chimpanzee (PanAf). State-of-the-art laboratory and computational methods enabled the scientists to study the chimpanzee DNA in these samples and perform the largest study of local adaptation in wild endangered mammals to date.




The researchers analysed the exomes (the protein-coding part of the genome) from 828 wild chimpanzees, 388 of which were included in the final analysis, representing 30 different populations of chimpanzees across the geographic and ecological range of the four chimpanzee subspecies. The scientists compared the genetic information to data about the local environment each chimpanzee population lives in, identifying genetic variants that stand out as being much more frequent in certain regions than others, and that likely confer a benefit to those carrying the genetic variant in particular habitats.

The scientists found evidence of genetic adaptation in genes related to certain pathogens (disease-causing microorganisms) among the chimpanzees living in forests, where there is a high concentration of pathogens, with the strongest evidence found in genes linked to malaria. This includes two genes that are also known to be responsible for adaptation and resistance to malaria in humans: GYPA and HBB, the latter being responsible for sickle cell anemia in humans.

The findings suggest that malaria is likely a significant disease for wild forest chimpanzees and that adaptation to the malaria parasite has happened, independently, through changes in the very same genes in chimpanzees and humans.

First author Dr Harrison Ostridge (UCL Genetics Institute) said: "The close genetic similarities between the great apes have resulted in diseases jumping from apes to humans, such as with malaria and HIV/AIDS, so studying wild chimpanzees is extremely useful to understand these and other shared infectious diseases in humans, and could help to develop new treatments or vaccines.

"Finding evidence of adaptation to malaria in chimpanzees linked to the same genes that affect malaria resistance in humans is striking from an evolutionary point of view, as it suggests there may be limited ways that we can evolve resistance to the malaria parasite."

The study suggests that chimpanzees have also adapted to their savannah habitats, which have higher temperatures, lower rainfall and less food availability. This shows that studying savannah chimpanzees may shed light on how human ancestors adapted to similar habitats millions of years ago, when they first moved from the African forest to the savannah.

Co-author and PanAf co-director Dr Hjalmar Kuehl (Senckenberg Museum of Natural History, Germany) commented: "This ground-breaking study on chimpanzee local adaptations could not be accomplished without the extraordinary collaboration of an international team of scientists who worked tirelessly to collect non-invasive data, including faecal samples, from countries across the chimpanzee range."

Co-author and PanAf co-director Dr Mimi Arandjelovic (Max Planck Institute for Evolutionary Anthropology, Germany) added: "We further welcome everyone interested in our research to contribute as community scientists at ChimpandSee.org, where one can help annotate videos collected alongside the genetic samples from across the chimpanzee range."
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Storing carbon in buildings could help address climate change | ScienceDaily
Construction materials such as concrete and plastic have the potential to lock away billions of tons of carbon dioxide, according to a new study by civil engineers and earth systems scientists at the University of California, Davis and Stanford University. The study, published Jan. 10 in Science, shows that combined with steps to decarbonize the economy, storing CO2 in buildings could help the world achieve goals for reducing greenhouse gas emissions.


						
"The potential is pretty large," said Elisabeth Van Roijen, who led the study as a graduate student at UC Davis.

The goal of carbon sequestration is to take carbon dioxide, either from where it is being produced or from the atmosphere, convert it into a stable form and store it away from the atmosphere where it cannot contribute to climate change. Proposed schemes have involved, for example, injecting carbon underground or storing it in the deep ocean. These approaches pose both practical challenges and environmental risks.

"What if, instead, we can leverage materials that we already produce in large quantities to store carbon?" Van Roijen said.

Working with Sabbie Miller, associate professor of civil and environmental engineering at UC Davis, and Steve Davis at Stanford University, Van Roijen calculated the potential to store carbon in a wide range of common building materials including concrete (cement and aggregates), asphalt, plastics, wood and brick.

More than 30 billion tons of conventional versions of these materials are produced worldwide every year.

Concrete potential

The carbon-storing approaches studied included adding biochar (made by heating waste biomass) into concrete; using artificial rocks that can be loaded with carbon as concrete and asphalt pavement aggregate; plastics and asphalt binders based on biomass rather than fossil petroleum sources; and including biomass fiber into bricks. These technologies are at different stages of readiness, with some still being investigated at a lab or pilot scale and others already available for adoption.




Researchers found that while bio-based plastics could take up the largest amount of carbon by weight, by far the largest potential for carbon storage is in using carbonated aggregates to make concrete. That's because concrete is by far the world's most popular building material: Over 20 billion tons are produced every year.

"If feasible, a little bit of storage in concrete could go a long way," Miller said. The team calculated that if 10% of the world's concrete aggregate production were carbonateable, it could absorb a gigaton of CO2.

The feedstocks for these new processes for making building materials are mostly low-value waste materials such as biomass, Van Roijen said. Implementing these new processes would enhance their value, creating economic development and promoting a circular economy, she said.

Some technology development is needed, particularly in cases where material performance and net-storage potential of individual manufacturing methods must be validated. However, many of these technologies are just waiting to be adopted, Miller said.

Van Roijen is now a researcher at the U.S. Department of Energy National Renewable Energy Laboratory. The work was supported by Miller's CAREER grant from the National Science Foundation.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250109141128.htm



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            All Top News
          
          	
            Sections
          
          	
            Technology News
          
        

      

      Health News

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


      
        Fatal neurodegenerative disease in kids also affects the bowel
        Researchers have described the neurodegeneration that occurs in the nervous system of the bowel in Batten disease, a rare and fatal genetic condition. In their latest study, a team showed that gene therapy to the bowel in mice modeling Batten disease reduced symptoms and extended lifespan.

      

      
        Ultrasound-directed microbubbles could boost immune response against tumors
        Researchers have designed process that uses ultrasound to modify the behavior of cancer-fighting T cells by increasing their cell permeability. They targeted freshly isolated human immune cells with tightly focused ultrasound beams and clinically approved contrast agent microbubbles. When hit with the ultrasound, the bubbles vibrate at extremely high frequency, acting as a push-pull on the walls of the T cell's membranes. This can mimic the T cell's natural response to the presence of an antigen....

      

      
        Scientists develop tiny anticancer weapon
        A new twist on a decades-old anticancer strategy has shown powerful effects against multiple cancer types in a preclinical study. The experimental approach, which uses tiny capsules called small extracellular vesicles (sEVs), could offer an innovative new type of immunotherapy treatment and is poised to move toward more advanced development and testing.

      

      
        Link between gene duplications and deletions within chromosome region and nonsyndromic bicuspid aortic valve disease
        Large and rare duplications and deletions in a chromosome region known as 22q11.2 , which involves genes that regulate cardiac development, are linked to nonsyndromic bicuspid aortic valve disease.

      

      
        Is eating more red meat bad for your brain?
        People who eat more red meat, especially processed red meat like bacon, sausage and bologna, are more likely to have a higher risk of cognitive decline and dementia when compared to those who eat very little red meat, according to a new study.

      

      
        HKU study shows ruminating about being lonely is more closely linked to depression than actual loneliness
        Past studies have identified a loneliness-rumination-depression nexus. Rumination is defined as repetitive and intrusive negative thoughts and feelings, and loneliness as a gap between desired and actual social connections. Given a widely reported high co-occurrence between loneliness and depression, a research team sought to understand the underlying mechanisms.

      

      
        IVF pregnancies at greater risk of exposure to medicines that can harm the fetus
        A new study has revealed a potential reason why some pregnancies achieved through assisted reproductive technology (ART) may result in birth defects in comparison to naturally conceived pregnancies.

      

      
        Reading signs: New method improves AI translation of sign language
        A research team improved the AI recognition accuracy of word-level sign language recognition by adding data such as the signer's hand and facial expressions, as well as skeletal information on the position of the hands relative to the body.

      

      
        RNA research: Ribozyme structure revealed
        Researchers have now uncovered the 3D structure of the RNA enzyme SAMURI. Their study provides insights into the development of ribozymes and the evolution of catalytically active RNA.

      

      
        Monitoring tumor-informed circulating tumor DNA after CGP
        A research team proposes a method to assess cancer patients for their likelihood to either respond to treatment or relapse.

      

      
        MRI scanning and biopsy could reduce delays in the correct treatment for bladder cancer by more than six weeks
        Patients with a common aggressive type of bladder cancer could get correct treatment significantly quicker as new research suggests that initial MRI imaging and biopsy could be used to reduce the time patients wait.

      

      
        Memory systems in the brain drive food cravings that could influence body weight
        A research team identified the brain's food-specific memory system and its direct role in overeating and diet-induced obesity. They found a specific population of neurons in the mouse brain that encode memories for sugar and fat, profoundly impacting food intake and body weight.

      

      
        From caring touch to cooperative communities
        An international research team concludes that gentle touch is not only good for mental health, but also for the evolution of cooperation.

      

      
        A molecule is shown to produce cognitive improvement in rodents with early Alzheimer's disease
        Scientists have come up with a drug that is a potential candidate for tackling memory deficits in the early stages of the disease in rodents. Research shows that the drug activates the cannabinoid neurotransmitter system (which protects the brain), and this stimulates the cholinergic system (which controls memory and learning) by increasing the synthesis of acetylcholine (a neurotransmitter in the brain that controls memory and learning). These results open up a promising therapeutic approach.

      

      
        New insights into the biology and risk factors of childhood obesity
        A cutting-edge molecular approach provides a detailed picture of the biological pathways associated with childhood obesity and metabolic dysfunction, and identifies environmental risk factors during early life.

      

      
        'Perfect storm' of mutations drives infection-triggered autoimmune disease
        Researchers have uncovered how chronic hepatitis C infection leads to autoimmune disease, which opens new paths for treatments

      

      
        Bird flu is mutating, but antivirals still work
        Researchers have identified nine mutations in a bird flu strain from a person in Texas. Bad news: this strain is more capable of causing disease and replicates better in the brain. Good news: approved antivirals are still effective.

      

      
        Researchers identify three psychological profiles that could determine the evolution of mental, cognitive and brain health in aging
        An international study has identified three psychological profiles associated with different patterns of cognitive and brain decline in aging. The study, which analyzed more than 1,000 middle-aged and older adults, shows that the specific psychological characteristics of each profile may influence the risk of developing dementia, as well as aspects such as the speed of brain decline and sleep quality. These findings open new perspectives for the design of more personalized prevention strategies.

      

      
        Small-scale fisheries essential to global nutrition, livelihoods
        Small-scale fisheries play a significant but overlooked role in global fisheries production and are key to addressing hunger and malnutrition while supporting livelihoods around the world, according to new research. The study rigorously quantified how marine and inland small-scale fisheries contribute to aquatic harvests and nutritional and socioeconomic security on a global scale.

      

      
        How cryogenic microscopy could help strengthen food security
        A research team reports on a novel observation of a plant protection mechanism in response to salt stress. The study opens new avenues of research to strengthen food security.

      

      
        DNA damage can last unrepaired for years, changing our view of mutations
        While most known types of DNA damage are fixed by our cells' in-house DNA repair mechanisms, some forms of DNA damage evade repair and can persist for many years, new research shows. This means that the damage has multiple chances to generate harmful mutations, which can lead to cancer.

      

      
        How one brain circuit encodes memories of both places and events
        A computational model explains how place cells in the hippocampus can be recruited to form any kind of episodic memory, even when there's no spatial component.

      

      
        Deep learning designs proteins against deadly snake venom
        New proteins not found in nature have now been designed to counteract certain highly poisonous components of snake venom. The deep learning, computational methods for developing these toxin-neutralizing proteins offer hope for creating safer, more cost-effective and more readily available therapeutics than those currently in use. Each year more than 2 million people suffer snakebites. More than 100,000 die, and 300,000 suffer disabling complications.

      

      
        Scientists identify new epigenetic approach to target colorectal cancer
        A little-known mouse protein disrupts cancer-causing chemical changes to genes associated with human colorectal cancer cells and potentially could be used to treat solid tumors, according to a new study.

      

      
        Putting a lid on excess cholesterol to halt bladder cancer cell growth
        Researchers discover novel targets for bladder cancer therapeutics and demonstrate that a new combination of existing drugs, including statins, blocks tumor growth in mice.

      

      
        Researchers invent soft, bioelectronic sensor implant
        Scientists describe their construction of complementary, internal, ion-gated, organic electrochemical transistors that are more amenable chemically, biologically and electronically to living tissues than rigid, silicon-based technologies. The medical device based on these transistors can function in sensitive parts of the body and conform to organ structures even as they grow. The result is a biocompatible sensor that can monitor brain functions in pediatric patients as they develop and grow.

      

      
        Yes, college students gain holiday weight too -- but in the form of muscle not fat
        A new study from an obesity researcher reveals that college students and older adults gain holiday weight just in different ways.

      

      
        Gene editing extends lifespan in mouse model of prion disease
        Researchers have developed a gene-editing treatment for prion disease that extends lifespan by about 50 percent in a mouse model of the fatal neurodegenerative condition. The treatment, which uses base editing to make a single-letter change in DNA, reduced levels of the disease-causing prion protein in the brain by as much as 60 percent. The work demonstrates that lowering levels of the prion protein improves lifespan in animals that have been infected with a human version of the protein.

      

      
        Painful skin when tapering cortisone cream
        Painful skin and trouble sleeping are among the problems reported when tapering cortisone cream for atopic eczema, according to a new study. Many users consider the problems to be caused by cortisone dependence.

      

      
        Saliva activates coagulation in persons with hemophilia A
        A recent study provides new insights into the mechanisms of coagulation in persons with haemophilia A, the most common form of haemophilia. The research team was able to show that saliva contains special vesicles that trigger rapid coagulation of the blood of haemophilic patients.

      

      
        Hearing impairment may be a sign of increased risk of Parkinson's disease
        There may be a link between hearing impairment and an increased risk of developing Parkinson's according to new research. This is one of the first studies to examine whether sensory impairments, such as hearing loss, might increase the risk for Parkinson's or serve as an early warning sign. Parkinson's UK reports that an estimated 153,000 people in the UK currently live with Parkinson's, which is the fastest-growing neurological condition in the world.

      

      
        Genetic tweak optimizes drug-making cells by blocking buildup of toxic byproduct
        Scientists have developed a new strategy to enhance pharmaceutical production in Chinese hamster ovary (CHO) cells, which are commonly used to manufacture protein-based drugs for treating cancer, autoimmune diseases and much more. By knocking out a gene circuit responsible for producing lactic acid -- a metabolite that makes the cells' environment toxic -- researchers eliminate a primary hurdle in developing cells that can produce higher amounts of pharmaceuticals like Herceptin and Rituximab, wi...

      

      
        SCP-Nano: A new technology to visualize nanocarriers in cells and tissues
        How can we ensure that life-saving drugs or genetic therapies reach their intended target cells without causing harmful side effects? Researchers have taken an important step to answer this question. They have developed a method that, for the first time, enables the precise detection of nanocarriers -- tiny transport vehicles -- throughout the entire mouse body at a single-cell level.

      

      
        Hepatitis E vaccination is effective in an epidemic
        Hepatitis E, a potentially serious viral liver disease, is transmitted through contaminated water. The risk is particularly high in populations with limited access to safe water and sanitation. In South Sudan, outbreaks have regularly ravaged camps for internally displaced persons and their host populations. Although a vaccine has been available since 2011, its 3-dose regimen makes it difficult to administer in such a context.

      

      
        Scientists uncover rapid-acting, low-side-effect antidepressant target
        Depression continues to grapple a large proportion of the population. Given the side effects associated with the long-term use of conventional antidepressants, there is a need for novel rapid acting therapeutics with minimal side effects. Researchers have previously demonstrated antidepressant-like effects of delta opioid receptor agonists in rodents. In their latest study, they uncover the molecular and cellular mechanism underlying its action that can advance its therapeutic development.

      

      
        Residents of unburned homes reported health symptoms months after Marshall Fire
        Wildfires that burn homes and vehicles could expose people to dangerous airborne compounds through ash and smoke. Research has shown that people returning to their unburned homes may also experience health symptoms months after a nearby fire is extinguished. Through a survey of people affected by the 2021 Marshall Fire in Boulder, Colorado, researchers found that headaches, sore throats and coughs were frequently self-reported by residents living near burned structures.

      

      
        New innovative local treatment for osteolytic bone disease in multiple myeloma
        A team of researchers has developed a new biomaterial with high potential in in the treatment of bone lesions or minimal residual disease in multiple myeloma patients. The findings showcase a promising approach to bone healing and tumor control.

      

      
        New computer models open door to far more targeted antibiotics
        The new models could give antibiotics a laser-like precision to target only specific bacteria in specific parts of the body. This would represent a major step forward in the battle against the growing problem of antibiotic resistance.

      

      
        AI innovation unlocks non-surgical way to detect brain cancer spread
        Researchers have developed an artificial intelligence (AI) model to detect the spread of metastatic brain cancer using MRI scans, offering insights into patients' cancer without aggressive surgery.

      

      
        New mechanism for maintaining genome stability discovered
        New research reveals how the RapA enzyme protects against R-loop cytotoxicity in E. coli.

      

      
        Genetic risks for age-related macular degeneration
        Age-related macular degeneration (AMD), which affects about 200 million people worldwide and can result in legal blindness, impairs an area of the eye (retina) used for reading, driving and many other critical daily tasks. A new study of large existing patient datasets indicates genetic and demographic factors that increase the risk for developing AMD.

      

      
        Researchers uncover what drives aggressive bone cancer
        Study identifies a novel mechanism driving osteosarcoma and provides insights to help predict patient outcomes.

      

      
        Just as Gouda: Improving the quality of cheese alternatives
        Scientists are working to produce plant-based cheese with all the characteristics of real cheese, but with better health benefits. To create a cheesy product with the same texture as the real thing, they looked at a variety of physical attributes such as the melting, stretching, and oil-release upon grilling and heating and studied isolates from three proteins and how they interacted with the oil and with the starch matrix of the cheese alternative. Using a blend of sunflower and coconut oil decr...

      

      
        Uncurling a single DNA molecule and gluing it down helps sharpen images
        Using advanced imaging techniques and precise microfluidics control to stretch out curly DNA into a straight line, new research demonstrates techniques for stretching and immobilizing DNA with minimum thermal fluctuation to enable detailed analysis. A team at Nagoya University experimented with ways to uncurl a DNA molecule using pressure applied to liquid flowing in a channel, with the pressure flow providing shear force that uncurled the DNA molecule. They found that controlling the flow veloci...

      

      
        Global study pinpoints genes for depression across ethnicities
        New genetic risk factors for depression have been identified across all major global populations for the first time, allowing scientists to predict risk of depression regardless of ethnicity. The world's largest and most diverse genetic study ever into major depression has revealed nearly 300 previously unknown genetic links to the condition, experts say.

      

      
        New study identifies how blood vessel dysfunction can worsen chronic disease
        Researchers have uncovered how specialized cells surrounding small blood vessels, known as perivascular cells, contribute to blood vessel dysfunction in chronic diseases such as cancer, diabetes and fibrosis. The findings could change how these diseases are treated.

      

      
        Need for standardized measurement methods in gene therapy
        Scientists looked at multiple techniques used to measure the modified viruses deployed in some gene therapy research and treatments. One technique, known as SEC-MALS, was the most precise and accurate, while another proved 'problematic.'

      

      
        Circulation problems in the brain's seat of memory linked to mild cognitive impairment in older adults
        Mild cognitive impairment is linked to blood vessel dysfunction in the brain's temporal lobes -- the seat of memory -- according to a new study. The findings, seen in people with and without signs of amyloid buildup in the brain, suggest that microvascular trouble may be an important, early biomarker for dementia as well as a potential target for therapy.

      

      
        Three drug cocktail shows potential to boost CAR-T cancer therapy
        Researchers have discovered a three-drug combination that enhances the generation of CAR-T cells, a type of cancer immunotherapy, and could improve CAR-T cell production for clinical treatments. The study emphasizes the importance of T-memory stem cells (TSCM) linked to stronger and more lasting cancer responses. The findings demonstrate the advantages of pharmacological approaches over genetic approaches to enrich TSCM-like cells as most gene-targeted therapies have not proven to be very effecti...

      

      
        A 'volume dial' for missed signals produced by our bodies
        Scientists have adapted a sensing platform to detect and even measure chemicals at low enough concentrations to have use outside the lab. The system, which is 10 times more sensitive than previous sensors built by the team, opens the door for the system to be applied to disease detection and monitoring in the human body for nucleic acids and bacteria.
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Fatal neurodegenerative disease in kids also affects the bowel | ScienceDaily
ssor of pediatrics, of genetics and of neurology at Washington University School of Medicine in St. Louis. "It can be painful and a serious quality of life issue for the child and their families."


						
The parent perspective led Cooper on a scientific quest that began four years ago -- and continues today -- to study the half-billion nerve cells in the bowel wall that are part of the enteric nervous system and how Batten disease affects their function. His new work shows enteric neurons in two mouse models of Batten disease degenerate in the bowel, paralleling neurodegeneration long known to occur in brain and spinal cord.

Cooper's prior research also showed that supplying the missing enzyme to the brain in mouse or sheep Batten disease models via enzyme replacement therapy slowed cellular degeneration. Now his latest study has found that gene therapy in mice produced the same protective effect in the bowel. This genetic treatment reduced bowel symptoms and extended the lifespan of the mice by preventing enteric neuron degeneration.

The findings, published Jan. 15 in Science Translational Medicine, may one day lead to new treatments for Batten disease as well as for other neurodegenerative disorders with gastrointestinal symptoms.

"We believe our studies in mice have demonstrated a novel and highly promising way to successfully treat GI conditions with gene therapy," said Cooper, the study's co-senior author. "Importantly, we also established that the GI issues were not secondary to the neurological changes in the brain or spinal cord caused by the disease, but happen in the bowel itself."

Patient-driven research

Batten disease refers to a group of inherited nervous system disorders in which a child lacks a crucial enzyme that breaks down and recycles cellular waste. Also known as neuronal ceroid lipofuscinosis, the disease is named after the accumulated material inside the cells. Not having these enzymes causes progressive brain damage that leads to death. Cooper and his colleagues are exploring exactly how this happens.




The exact number of kids with Batten disease remains unknown; however, some researchers have estimated it affects around three out of every 100,000 children in the U.S.

Two of Tracy VanHoutan's children had the disease. The father met Cooper in 2009 at a rare disease conference in Hamburg, Germany, after his son, Noah, was diagnosed with a form of Batten disease. VanHoutan had traveled more than 4,000 miles from his home in Chicago to find scientists who might help his 5-year-old-boy, suffering from this extremely rare and understudied disease.

The two clicked immediately. They began speaking regularly. Together, they grieved when Noah died in 2016, just before his 12th birthday. And again, less than two years later, in December 2018, when VanHoutan's daughter, Laine, died from the disease at age 12.

VanHoutan, who has become an accomplished advocate for rare disease research, invited Cooper to speak at patient-advocacy meetings, some of which were organized through Noah's Hope-Hope4Bridget Foundation, the nonprofit he founded after his son's diagnosis. During one of those meetings, Cooper asked parents about the day-to-day issues their children experienced.

Severe constipation, they told him. You might want to investigate it, they suggested.

"And Dr. Cooper listened," VanHoutan said. "Dr. Cooper is a special scientist because he seeks out patients and their families. It doesn't matter how old the patient is, he will get on their level and ask and answer questions in a relatable manner. He'll talk to the parents but also the siblings and grandparents. He wants to know all perspectives."

Motivated by what he learned from the families, Cooper turned his attention to the nervous system in the gut. Collaborating with Cooper is Robert O. Heuckeroth, MD, PhD, a pediatric gastroenterologist at Children's Hospital of Philadelphia and a professor of pediatrics and of cell and developmental biology at the University of Pennsylvania. Heuckeroth completed his graduate and medical training at WashU Medicine where he first became interested in the nervous system of the bowel.




Together, the scientists discovered that while Batten disease ravages nerve cells in the brain and spinal cord, it also kills neurons that are part of the GI tract's enteric nervous system.

Their research on Batten disease in mouse models and in colon tissue from children who died of Batten disease showed that nerve cell degeneration in the bowel occurs in parallel with events in the brain, following a similar pattern and timeline. About half of the nerve cells normally present die in Batten mice as the disease progresses, causing problems with bowel motility.

The basis for treating these diseases is to introduce a working copy the defective gene. This is supplied by a gene therapy virus that instructs cells to make this missing enzyme, secreting it to treat nearby cells. Giving gene therapy to newborn mice with Batten disease prevented the loss of many nerve cells in the bowel and prevented related problems with bowel function. The mice treated by gene therapy also lived significantly longer than untreated Batten disease mice.

The researchers have begun to apply their findings to other forms of Batten disease and similar neurodegenerative conditions in children such as the mucopolysaccharidoses, another group of rare inherited diseases caused by enzyme deficiencies that thwart a cell's ability to break down material. Symptoms include GI distress, cognitive and developmental decline, skeletal and joint issues, vision impairment and physical deformities, among others.

"Our reasoning is that if nerve cells in the brain die because they're missing a key enzyme, then there's a high probability nerve cells in other organ systems could also die," Cooper explained. "And given that a person has half a billion nerve cells in their bowels, about as many as in the spinal cord, it was important to determine if this occurs, opening up a whole new perspective on these diseases."

Heuckeroth, a leading expert in the enteric nervous system whom Cooper fondly calls his "co-pilot" in research, added that damage to the enteric nervous system can profoundly impair bowel function, causing debilitating symptoms such as vomiting, distension, constipation, abdominal pain, malnutrition and a predisposition to bowel inflammation, sepsis and death.

"The enteric nervous system controls most aspects of bowel function," said Heuckeroth. "We believe this work shows for the first time that a serious disease of the enteric nervous system can be treated by gene therapy, at least in mice."

Cooper and Heuckeroth noted that future studies will focus on providing simultaneous gene therapy to both the brain and bowel, which they think is necessary for optimal outcomes.
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Ultrasound-directed microbubbles could boost immune response against tumors | ScienceDaily
A new paper by a team of Concordia researchers from the departments of Biology and Physics proposes a novel method of fighting cancer tumours that uses ultrasound-guided microbubbles -- a technology already widely used in medical imaging and drug delivery.


						
Writing in the journal Frontiers in Immunology, the researchers describe a process that uses ultrasound to modify the behaviour of cancer-fighting T cells by increasing their cell permeability. They examined how this can influence the release of more than 90 kinds of cytokines, a type of signalling molecule crucial for immune response.

The researchers targeted freshly isolated human immune cells with tightly focused ultrasound beams and clinically approved contrast agent microbubbles. When hit with the ultrasound, the bubbles vibrate at extremely high frequency, acting as a push-pull on the walls of the T cell's membranes. This can mimic the T cell's natural response to the presence of an antigen. The T cell then begins to secrete vital signalling molecules that would otherwise be restricted by the tumour's hostile microenvironment. The process does not damage the cell itself.

"We're combining the use of ultrasound and microbubbles to help modulate brain immunology with the emerging field of cancer immunotherapy, which is the harnessing of our own immune cells to fight cancer," says Brandon Helfield, an associate professor of biology and physics and the paper's supervising author.

Reactivating cells

This approach directly confronts one of the major challenges to the body's natural response to cancer: the tumour's ability to deactivate T cells from producing cytokines and other proteins of interest once they enter the tumour itself.

"The microbubbles can re-activate the cells that have been turned off inside the tumour," says the paper's lead author, PhD candidate Ana Baez. "This process will help them release the proteins that are needed to grow additional immune and blood cells, which creates a positive feedback loop."

The changes to cytokine secretion were found to be time dependent. The amount of cytokines increased between 0.1 to 3.6 times compared to untreated cells over 48 hours. Additionally, the researchers noticed that when the ultrasound made the cell membranes more permeable, the amount of cytokines released generally went down.




While only preliminarily shown through benchtop experiments, the authors hope that this study will deepen their understanding of the different pathways chemicals in the body's immune system use to fight cancer. At the same time, they believe this avenue of research will improve and complement existing cancer treatments and cellular therapies.

"We already use microbubbles clinically as image-guided tools," says Helfield, Tier II Canada Research Chair in Molecular Biophysics in Human Health. "In the future, we could manipulate the beam to go from imaging to a therapeutic sequence. This would localize the effect on the T cells so you are only activating the ones where the beam is."

"We may also be able to include cancer-fighting drugs that target the tumour in the treatment," Baez adds. "The technique is completely non-invasive, so we can always repeat it."

Davindra Singh, Stephanie He, Mehri Hajiaghayi, Fatemeh Gholizadeh and Peter Darlington contributed to this study.

This work was supported by the Canada Research Chairs Program, the Cancer Research Society and the Canadian Institutes of Health Research (CIHR).
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Scientists develop tiny anticancer weapon | ScienceDaily
A new twist on a decades-old anticancer strategy has shown powerful effects against multiple cancer types in a preclinical study from researchers in the Perelman School of Medicine at the University of Pennsylvania. The experimental approach, which uses tiny capsules called small extracellular vesicles (sEVs), could offer an innovative new type of immunotherapy treatment and is poised to move toward more advanced development and testing.


						
Today in Science Advances, the researchers describe how they used sEVs, which are engineered in the lab from human cells, to target a cell-surface receptor called DR5 (death receptor 5) that many tumor cells have. When activated, DR5 can trigger the death of these cells by a self-destruct process called apoptosis. Researchers have been trying for more than 20 years to develop successful DR5-targeting cancer treatments. The new approach, using engineered sEVs to target DR5, outperformed DR5-targeting antibodies, which have been considered a leading DR5-targeting strategy. The sEVs were efficient killers of multiple cancer cell types in lab-dish tests, and blocked tumor growth in mouse models, enabling much longer survival than DR5-targeting antibodies.

"This new strategy has a number of advantages compared to previous DR5-targeting strategies and other anticancer immunotherapies, and after these encouraging preclinical results, we're developing it further for human clinical trials," said senior author Xiaowei "George" Xu, MD, PhD, a professor of Pathology and Laboratory Medicine, and member of the Tara Miller Melanoma Center in Penn Medicine's Abramson Cancer Center. "We've seen that many patients have benefited from advances in cancer immunotherapy but know there's more to work to do. This is our motivation for seeking new strategies for cellular therapies, particularly in solid tumor cancers, like melanoma, where current immunotherapies only work for about half of patients."

A better way to target DR5

The DR5 death receptor appears to have evolved, at least in part to destroy cells that are malignant, damaged. Although DR5 has seemed an attractive target for cancer treatments, those developed so far haven't been successful in controlling tumor growth. Xu and his team used extracellular vesicles to target DR5 because these nano-sized capsules -- about a million times smaller than a T cell -- are naturally produced and secreted by virtually all cells. Extracellular vesicles carry molecules that can deliver messages to surrounding cells.

For this application, the team used sEVs made by natural killer (NK) cells, a type of immune cell that frequently has a cancer-fighting role. NK-derived sEVs are good at infiltrating tumors and typically contain molecules that are toxic to tumor cells. Xu and his team engineered the NK sEVs so that they have an antibody fragment that strongly binds to and activates DR5.

In lab-dish experiments, the sEVs specifically move towards and bind to DR5 and quickly killed cancer cell types that have high levels of DR5 expression, including melanoma, liver and ovarian cancer cells. In experiments with mouse models of melanoma, breast and liver cancers, the sEVs strongly suppressed tumor growth and prolonged survival.




Reversing tumor immunosuppression

Xu and his team observed in their experiments that the sEVs packed other antitumor punches: they attacked other DR5-expressing cells called cancer-associated fibroblasts and myeloid-derived suppressor cells, which tumors use to create an immune-suppressive environment around themselves. The sEVs also stimulated T cells, giving another boost to anticancer immune activation. Overall, sEVs apparent ability to disrupt the immunosuppressive environment suggests that they might succeed in solid tumors, where the hostile tumor microenvironment has proved challenging for many forms of immunotherapy.

Xu noted that sEVs can be manufactured and stored relatively easily, making them a potential "off-the-shelf" therapy that could be given to any patient and would not require retrieving cells from each patient, as is the case with other personalized cellular therapies.

Next, the team plans to refine the manufacturing process to scale production for clinical-grade sEVs and conduct safety studies to prepare for human clinical trials.

The study was funded by the National Institutes of Health (CA258113, CA261608, CA114046, CA284182). A patent application for this technology has been filed on behalf of the University of Pennsylvania.
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Link between gene duplications and deletions within chromosome region and nonsyndromic bicuspid aortic valve disease | ScienceDaily
Large and rare duplications and deletions in a chromosome region known as 22q11.2 , which involves genes that regulate cardiac development, are linked to nonsyndromic bicuspid aortic valve disease, according to a new study led by UTHealth Houston researchers.


						
Recently published in Heart, a BMJ Journal, the research revealed that rare duplications and deletions within the 22q11.2 region, particularly involving genes associated with cardiac development, were identified in 7.4% of early-onset bicuspid aortic valve participants. The research demonstrated that variations in chromosome 22 may contribute to the individual severity of nonsyndromic bicuspid aortic valve disease and the risk for complications.

Bicuspid aortic valve disease, where the aortic valve has two leaflets instead of the normal three, is the most common congenital heart defect, affecting up to 2% of the population. The condition is present from birth and is usually caused by the dominant inheritance -- meaning it can be inherited from just one parent -- of many gene mutations. The condition can lead to complications as severe as thoracic aortic aneurysms, weakening of the aortic wall, and aortic stenosis, or narrowing of the aortic valve. Nonsyndromic means that the condition is not part of another syndrome.

Research has shown that duplications or deletions of genomic DNA in regions that regulate cardiac development contribute to congenital defects. But less is known about variants in the 22q11.2 region and nonsyndromic bicuspid aortic valve. Sara Mansoorshahi and Catherina Tovar Pensa, third-year medical students at McGovern Medical School at UTHealth Houston, are working to close that gap.

"Our study focused on assessing the role of variants in the 22q11.2 region in patients with early onset bicuspid aortic valve, and to determine if these variants could potentially be considered as part of risk stratification for bicuspid aortic valve patients and help predict complications and guide further management," said Tovar Pensa, co-first author.

DiGeorge syndrome, a 22q11.2 deletion syndrome, is caused when a small portion of chromosome 22 is missing. The condition can occur in individuals born from a parent with the dominant contiguous gene or parents without the gene. Variants in 22q11.2 deletion syndrome can cause complications beginning at birth due to congenital heart or vascular malformations, learning difficulties, psychiatric conditions, immunodeficiencies, and kidney or urinary tract anomalies.

Researchers used whole genome microarray genotyping on 272 bicuspid aortic valve patients with early onset valve or aortic disease and 272 biological relatives. They analyzed all copy number variations in the 22q11.2 chromosome while participants completed a questionnaire about their cardiovascular, endocrine, urogenital, musculoskeletal, developmental, and psychiatric histories. Copy number variation refers to a circumstance where the number of copies of a specific segment of DNA varies in the genomes of different people.

Several variants identified in the research involved the genes TBX1, CRKL, HIC2, and MAPK1, which are required for vascular development, especially the left ventricular outflow tract, which passes blood through the aorta. Until now, a variation in TBX1 had not been explicitly associated with bicuspid aortic valve disease. Mutations in TBX1 and other 22q11.2 genes may cause learning differences, intellectual disabilities, psychiatric disease, seizures, muscular hypotonia, or stunted growth. These features may alert physicians to the need for genetic testing for 22q11.2 copy number variants in bicuspid aortic valve patients who present with early onset complications or have additional congenital heart malformations.

"It was reassuring to see it was not a small increase, but a statistically significant increase in these genetic variants among bicuspid aortic valve population, and to be able to show that with more research in this area, this region could be an important area of interest for future genetic testing," said Mansoorshahi, a co-first author.

The research was funded in part by the National Institutes of Health (R01HL137028, R21HL150383, R01HL114823, and R21HL150373).
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Is eating more red meat bad for your brain? | ScienceDaily
People who eat more red meat, especially processed red meat like bacon, sausage and bologna, are more likely to have a higher risk of cognitive decline and dementia when compared to those who eat very little red meat, according to a study published in the January 15, 2025, online issue of Neurology(r), the medical journal of the American Academy of Neurology.


						
"Red meat is high in saturated fat and has been shown in previous studies to increase the risk of type 2 diabetes and heart disease, which are both linked to reduced brain health," said study author Dong Wang, MD, ScD, of Brigham and Women's Hospital in Boston. "Our study found processed red meat may increase the risk of cognitive decline and dementia, but the good news is that it also found that replacing it with healthier alternatives, like nuts, fish and poultry, may reduce a person's risk."

To examine the risk of dementia, researchers included a group of 133,771 people with an average age of 49 who did not have dementia at the start of the study. They were followed up to 43 years. Of this group, 11,173 people developed dementia.

Participants completed a food diary every two to four years, listing what they ate and how often.

Researchers defined processed red meat as bacon, hot dogs, sausages, salami, bologna and other processed meat products. They defined unprocessed red meat as beef, pork, lamb and hamburger. A serving of red meat is three ounces, about the size of a deck of cards.

Researchers calculated how much red meat participants ate on average per day.

For processed red meat, they divided participants into three groups. The low group ate an average of fewer than 0.10 servings per day; the medium group ate between 0.10 and 0.24 servings per day; and the high group, 0.25 or more servings per day.




After adjusting for factors such as age, sex and other risk factors for cognitive decline, researchers found that participants in the high group had a 13% higher risk of developing dementia compared to those in the low group.

For unprocessed red meat, researchers compared people who ate an average of less than one half serving per day to people who ate one or more servings per day and did not find a difference in dementia risk.

To measure subjective cognitive decline, researchers looked at a different group of 43,966 participants with an average age of 78. Subjective cognitive decline is when a person reports memory and thinking problems before any decline is large enough to show up on standard tests.

The subjective cognitive decline group took surveys rating their own memory and thinking skills twice during the study.

After adjusting for factors such as age, sex and other risk factors for cognitive decline, researchers found that participants who ate an average of 0.25 servings or more per day of processed red meat had a 14% higher risk of subjective cognitive decline compared to those who ate an average of fewer than 0.10 servings per day.

They also found people who ate one or more servings of unprocessed red meat per day had a 16% higher risk of subjective cognitive decline compared to people who ate less than a half serving per day.




To measure objective cognitive function, researchers looked at a different group of 17,458 female participants with an average age of 74. Objective cognitive function is how well your brain works to remember, think and solve problems.

This group took memory and thinking tests four times during the study.

After adjusting for factors such as age, sex and other risk factors for cognitive decline, researchers found that eating higher processed red meat was associated with faster brain aging in global cognition with 1.61 years with each additional serving per day and in verbal memory with 1.69 years with each additional serving per day.

Finally, researchers found that replacing one serving per day of processed red meat with one serving per day of nuts and legumes was associated with a 19% lower risk of dementia and 1.37 fewer years of cognitive aging. Making the same substitution for fish was associated with a 28% lower risk of dementia and replacing with chicken was associated with a 16% lower risk of dementia.

"Reducing how much red meat a person eats and replacing it with other protein sources and plant-based options could be included in dietary guidelines to promote cognitive health," said Wang. "More research is needed to assess our findings in more diverse groups."

A limitation of the study was that it primarily looked at white health care professionals, so the results might not be the same for other race, ethnic and non-binary sex and gender populations.

The study was supported by the National Institutes of Health.
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HKU study shows ruminating about being lonely is more closely linked to depression than actual loneliness | ScienceDaily
Loneliness is more likely to cause depression if one keeps ruminating on how lonely they are. This is the essence of a study by The University of Hong Kong (HKU) that has therapeutic implications for treating isolated individuals or populations.


						
Past studies have identified a loneliness-rumination-depression nexus. Rumination is defined as repetitive and intrusive negative thoughts and feelings, and loneliness as a gap between desired and actual social connections.

Given a widely reported high co-occurrence between loneliness and depression, a research team led by the Director of the State Key Laboratory of Brain and Cognitive Sciences, Professor Tatia M.C. Lee, Chair Professor of Psychological Science and Clinical Psychology and May Professor in Neuropsychology at HKU, sought to understand the underlying mechanisms.

The research team's hypothesis for their study, entitled "A network analysis of rumination on loneliness and the relationship with depression," which was recently published in Nature Mental Health, aimed to examine the connections that rumination would mediate the relationship between loneliness and depression, where a higher level of loneliness would be associated with more rumination, which would, in turn, link to a higher severity of depressive symptoms.

"Our study examined the relationship between loneliness, rumination, and depressive symptoms using the network analysis methodology. The findings revealed that ruminating on the feeling of loneliness poses a significant risk of developing depression. Consequently, focusing interventions for loneliness could potentially be a pivotal strategy for curbing the escalating incidence of depression." Professor Lee says.

The research team studied 900 adults in Hong Kong, Guangzhou, and Fuzhou, China, between 2021 and 2023 during the outbreak of the Covid-19 pandemic. Strict COVID-19 lockdowns in Hong Kong and China provided the cohort of individuals to study. The team used a network analysis approach to construct the Loneliness-Depression and Loneliness-Rumination-Depression network using a cross-sectional design in the adult sample. Network analysis focuses on how individual items connect within and across the larger variable and how these connections influence the behavior of the network to explain larger phenomenon.

The findings indicated that ruminating on the feeling of loneliness was the key underlying factor that modulated the loneliness-depression relationship. Specifically, a connection between a specific ruminative thought ("think about how alone you are") and a particular item of loneliness ("how often do you feel alone") is indeed essential in maintaining the loneliness-rumination-depression network.''

Based on the findings, the research team suggests interventions for depression should focus on ameliorating ruminative thoughts, especially the feeling of loneliness. Therapies should target at disrupting the link between frequently feeling lonely and ruminating on loneliness, which then would deactivate the network of loneliness, rumination, and depression; thereby minimizing the adverse effects of loneliness on causing depression.
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IVF pregnancies at greater risk of exposure to medicines that can harm the fetus | ScienceDaily
A new Australian study has revealed a potential reason why some pregnancies achieved through assisted reproductive technology (ART) may result in birth defects in comparison to naturally conceived pregnancies.


						
Researchers found that in vitro fertilisation (IVF) and intracytoplasmic sperm injection (ICSI) pregnancies had the highest exposure to teratogenic medicines that potentially can harm the fetus during the first trimester of pregnancy.

These are listed as Category D and X medicines by Australia's Therapeutic Goods Administration (TGA).

The risk associated with the use of Category D medicines in pregnancy may be outweighed by the clinical benefit in individual cases such as management of mental health disorders or epilepsy. Category X medicines on the other hand are strongly discouraged during pregnancy due to the high risk of fetal harm.

Researchers from the University of South Australia (UniSA), The University of Western Australia (UWA) and The Kids Research Institute Australia analysed more than 57,000 pregnancies in four conception groups over a two-year period. The groups comprised women using ART (2041); those taking medication to induce ovulation (590); untreated sub-fertile women (2063); and naturally fertile pregnancies (52,987).

ART pregnancies had the highest exposure to Category D medications taken in the first trimester.

The study found that 4.9% of the ART pregnancies were exposed, compared to only 0.6% of naturally conceived pregnancies.




In later trimesters, the trend persisted, with 3.4% of ART pregnancies exposed to Category D medications versus 0.6% of naturally conceived pregnancies.

Exposure to Category X medications (causing the most harm during pregnancy) was low across all groups and trimesters, at less than 0.5% of pregnancies.

"These differences in exposure are primarily linked to medications used as additional treatment following ART to prevent repeat miscarriages or failed implantation, rather than medications to treat underlying chronic conditions," says UniSA researcher Dr Anna Kemp-Casey, who led the study.

"For example, ART pregnancies, during the study period were more often exposed to progestogens like medroxyprogesterone acetate, which may have been used to treat threatened or recurrent miscarriages," Dr Kemp says.

The five most frequently used Category D/X medications across all pregnancies regardless of conception status were paroxetine, lamotrigine, valproic acid, carbamazepine, and nicotine dependence treatments.

UWA co-researcher Professor Roger Hart, also a practising IVF clinician and the national medical director of City Fertility, says the higher exposure to Category D and X medicines in ART pregnancies during the first trimester may contribute to the higher rate of birth defects observed in ART babies.




"Although ART pregnancies are carefully planned, medications taken during fertility treatments may inadvertently increase exposure to birth defect risks, particularly during critical periods of fetal development," Prof Hart says.

Researchers say the findings demonstrate that the vast majority of IVF babies are healthy, and do not suggest that ART pregnancies are unsafe, but they underscore the importance of personalised medical care for women undergoing ART treatment and close monitoring for women in early pregnancy.

Prof Hart says more research is needed to examine Category D and X medicines exposure in pregnancy as well as underlying maternal medical conditions and their contribution to birth defect risk in ART babies.

The study has been published in the Australian and New Zealand Journal of Obstetrics and Gynaecology.

A 2021 study by US researchers analysing 1.2 million births found an 18% higher risk of birth defects among IVF babies and a 36% overall greater risk for ICSI births (42% increased risk where ICSI was used to treat male factor subfertility and 30% increased risk with ICSI use for non-male factor subfertility).

In IVF pregnancies, sperm is added to a dish containing eggs, and fertilisation occurs naturally, compared to ICSI where a single sperm is injected directly into each egg. The latter procedure is normally used to treat male subfertility but is also an option for unexplained infertility.
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Reading signs: New method improves AI translation of sign language | ScienceDaily
Sign languages have been developed by nations around the world to fit the local communication style, and each language consists of thousands of signs. This has made sign languages difficult to learn and understand. Using artificial intelligence to automatically translate the signs into words, known as word-level sign language recognition, has now gained a boost in accuracy through the work of an Osaka Metropolitan University-led research group.


						
Previous research methods have been focused on capturing information about the signer's general movements. The problems in accuracy have stemmed from the different meanings that could arise based on the subtle differences in hand shape and relationship in the position of the hands and the body.

Graduate School of Informatics Associate Professor Katsufumi Inoue and Associate Professor Masakazu Iwamura worked with colleagues including at the Indian Institute of Technology Roorkee to improve AI recognition accuracy. They added data such as hand and facial expressions, as well as skeletal information on the position of the hands relative to the body, to the information on the general movements of the signer's upper body.

"We were able to improve the accuracy of word-level sign language recognition by 10-15% compared to conventional methods," Professor Inoue declared. "In addition, we expect that the method we have proposed can be applied to any sign language, hopefully leading to improved communication with speaking- and hearing-impaired people in various countries."
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RNA research: Ribozyme structure revealed | ScienceDaily
Researchers led by chemist Claudia Hobartner have now uncovered the 3D structure of the RNA enzyme SAMURI. Their study provides insights into the development of ribozymes and the evolution of catalytically active RNA.


						
RNA molecules are an integral part of the human body: In cells, they ensure the transfer of genetic information and regulate the activity of genes. Some even act as catalysts, allowing chemical reactions to take place that would otherwise take place very slowly or not at all. Enzymes made of RNA are called "ribozymes."

A group of researchers led by Professor Claudia Hobartner at the University of Wurburg (JMU) has now uncovered the three-dimensional structure of a very special ribozyme: SAMURI. This is an RNA molecule generated in the lab that the team first presented in 2023. The researchers from the Institute of Organic Chemistry were able to determine the 3D structure of SAMURI using X-ray crystallography and in collaboration with Professor Hermann Schindelin from the Rudolf Virchow Centre in Wurzburg.

Small Changes with a Big Impact

What makes SAMURI so interesting for the researchers is its very special ability: the ribozyme can chemically modify other RNA molecules at a specific site and thus influence their function -- for example, activate them or render them recognisable by proteins. Such modifications have some very important tasks in nature and ensure that RNAs can carry out their function properly. If errors occur in this regulation, i.e. if an RNA has too many or too few chemical changes, this can lead to the failure of certain metabolic processes.

"We can think of RNA molecules as sentences made up of individual words and letters (nucleosides)," explains Hobartner. "The smallest changes at individual points -- such as the replacement of a letter -- can completely change the meaning of a word or the entire sentence. Just as the word "bat" becomes "cat" by changing a letter, thus describing two distinct animals with very different abilities, it is similar at the cellular level: "Here, the RNA receives the new information by nature making small chemical changes to it. In science, these are called modifications. Enzymes carry out a chemical reaction on the RNA, using a helper molecule called S-adenosylmethionine, or SAM for short, which is important for many processes in the cell."

SAMURI also uses SAM to introduce modifications in the RNA. It is exciting to note that some natural RNA molecules discovered in bacteria can also interact with SAM -- but without catalysing the chemical reaction. These RNAs are called riboswitches, and they do not chemically modify other RNAs.




Thanks to the deciphered molecular structure of SAMURI, the researchers can now better answer the question of how the specific interaction of artificial ribozymes with SAM differ from natural riboswitches. Studies suggest that naturally occurring SAM-binding RNA could be derived from earlier ribozymes that lost their catalytic function during evolution," says Hobartner.

Basic Research Guides the Development of New Therapeutic Strategies

Knowledge of the structure and function of catalytic RNA is important for improving existing ribozymes and developing new ones. For example, it would be important for research into natural RNA modifications -- for example, to visualise them, but also for their use in therapeutic RNAs.

"Our findings could therefore provide new directions for the development of RNA-based therapeutics" says Hobartner. "It is conceivable that further developed ribozymes could one day be used as drugs themselves."

The work was funded by the German Research Foundation (DFG).
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Monitoring tumor-informed circulating tumor DNA after CGP | ScienceDaily
Researchers from Iwate Medical University and Tohoku University have revealed that it is possible to predict cancer relapse and treatment response by measuring circulating tumor DNA (ctDNA), in tandem with data from comprehensive genomic profiling (CGP).


						
CGP test results can be used to tailor recommendations for advanced cancer treatment, with the goal of matching individual patients with the most effective option to prolong survival. This study retrospectively looked at the CGP and clinical data of 219 patients of Iwate Medical University with advanced cancer registered with the Center for Personalized Medicine at Tohoku University Hospital. Of these patients, only 14 (6.4%) received a tailored treatment based on their CGP results.

The research team proposed that patients who underwent CGP could undergo ctDNA monitoring by using digital PCR (dPCR) (Off The Shelf-assay, hereafter OTS-Assay). The OTS-Assay was originally developed at Iwate Medical University, and has been clinically validated for a number of different cancers. Strengthening our knowledge and further testing the validity of this system is crucial, so that it can potentially become more commonplace in clinical practice.

"First, we complete CGP to recommend an ideal treatment. Then, we can further predict and monitor the efficacy of that treatment using a relevant ctDNA -- a measure of tumor DNA in the blood that can pick up even minimal hints that the cancer is still persisting," explains Satoshi Nishizuka (Iwate Medical University).

The clinical validity of the OTS-Assay was evaluated for "early relapse prediction," "treatment response evaluation," and "no relapse/regrowth corroboration." Monitoring of ctDNA by dPCR was performed in 11 patients. Overall, 10 of 11 patients (90.9%) achieved at least one of the following validated outcomes: "early relapse prediction," "treatment response evaluation," and "no relapse/regrowth corroboration."

This study demonstrated that ctDNA monitoring using the OTS-Assay system can be used effectively in conjunction with CGP data in order to predict patient outcomes for a broad range of cancer types. This finding represents a step forward for personalized precision medicine. Importantly, the majority of patients who receive CGP but do not actually receive a recommended treatment (the remaining 93.6%) can still undertake ctDNA monitoring using the OTS-Assay system to evaluate their disease progression. This type of personalized medical care could improve clinical management techniques, and ultimately help cancer patients around the world.
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MRI scanning and biopsy could reduce delays in the correct treatment for bladder cancer by more than six weeks | ScienceDaily
Patients with a common aggressive type of bladder cancer could get correct treatment significantly quicker as new research suggests that initial MRI imaging and biopsy could be used to reduce the time patients wait.


						
In a new study published in the Journal of Clinical Oncology today, a research team from the University of Birmingham's Bladder Cancer Research Centre (BCRC) and Cancer Research UK Clinical Trials Unit (CRCTU) ran a randomised controlled trial testing whether adding a type of magnetic resonance imaging (mpMRI) as the first staging investigation was as effective and quicker than the usual surgical staging for bladder tumours.

The study, funded by the UK National Institute for Health and Care Research, saw 143 patients with suspected bladder cancer randomised into two groups, either going through the usual test called transurethral resection of bladder tumour (TURBT), or an initial MRI scan to decide upon the most appropriate next steps.

The team found that patients who were randomised to have MRI had a significant reduction in the time taken to receive their correct treatment with a median time of 53 days from first referral to correct treatment, which was 45 days quicker than the usual standard of care which had a median time of 98 days.

Usual tests for muscle invasive bladder cancer involve transurethral resection, which is a surgical procedure carried out under anaesthetic by a surgeon in which a thin telescope inserted through the urethra is used to examine the bladder and remove tumour material.

Rik Bryan, Professor in Urothelial Cancer Research and Director of the Bladder Cancer Research Centre at the University of Birmingham and first author of the study said:

"Bladder cancer is a common cancer and we know that with any cancer, and especially muscle-invasive bladder cancer, speed is of the essence when treating. Any ways to improve the time from initially suspecting cancer to getting the right treatment gives patients the best chance of responding well.




"However, this aspect of the bladder cancer care pathway has remained essentially unchanged worldwide for over 100 years, whilst the rest of medicine and healthcare has innovated around it. We wanted to evaluate whether the 21st century approaches that have benefited the diagnosis and treatment of all other cancer patients would also benefit bladder cancer patients. The BladderPath trial looked at whether adding in some extra or alternative diagnostic testing, mpMRI first then and biopsy or TURBT, could speed up the time taken to receive the correct treatment for the most concerning form of bladder cancer.

"We were delighted that the experimental diagnostic pathway that introduced MRI led to a vastly reduced time taken for patients to receive their correct treatments, from 98 days on average for the usual procedures reduced by more than 6 weeks to 53 days."

Nick James, Professor of Prostate and Bladder Cancer Research at The Institute of Cancer Research, London and Consultant Clinical Oncologist at The Royal Marsden NHS Foundation Trust, and the study Chief Investigator said:

"This research shows that by adding an MRI pre-biopsy we can cut the time taken to correct treatment for the worst bladder tumours -- those that invade the bladder muscle wall -- by almost half, from 98 days down to 53 days. We've also shown that around 1 in 7 of these patients with problematic tumours can avoid the surgical procedure used to diagnose bladder cancer. As an MRI is considerably cheaper than this surgery, we estimate that this new diagnostic pathway will save money, as well as saving surgical theatre space and preventing patients from undergoing unnecessary procedures. The next step for this research is to assess whether this impacts the survival of these patients."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250115125424.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Memory systems in the brain drive food cravings that could influence body weight | ScienceDaily
Can memory influence what and how much we eat? A groundbreaking Monell Chemical Senses Centerstudy, which links food memory to overeating, answered that question with a resounding "Yes." Led by Monell Associate Member Guillaume de Lartigue, PhD, the research team identified, for the first time, the brain's food-specific memory system and its direct role in overeating and diet-induced obesity.


						
Published in Nature Metabolism, they describe a specific population of neurons in the mouse brain that encode memories for sugar and fat, profoundly impacting food intake and body weight. "In today's world, we are constantly bombarded with advertisements and environmental triggers designed to remind us of pleasurable food experiences," said Dr. de Lartigue. "What's surprising is that we've pinpointed a specific population of neurons in the hippocampusthat not only forms these food-related memories but also drives our eating behavior. This connection could have significant implications for body weight and metabolic health."

These neurons encode memories of the spatial location of nutrient-rich foods, acting as a "memory trace," particularly for sugar and fat. Silencing these neurons impairs an animal's ability to recall sugar-related memories, reduces sugar consumption, and prevents weight gain, even when animals are exposed to diets that contribute to excessive weight gain. Conversely, reactivating these neurons enhances memory for food, increasing consumption and demonstrating how food memories influence dietary behavior.

These findings introduce two new concepts: first, evidence that specific neurons in the brain store food-related memories, and second, that these memories directly impact food intake. "While it's no surprise that we remember pleasurable food experiences, it was long assumed that these memories had little to no impact on eating behavior," said Dr. de Lartigue. "What's most surprising is that inhibition of these neurons prevents weight gain, even in response to diets rich in fat and sugar."

Memory's Underappreciated Role 

Memory is often overlooked as a key driver of food intake, but this study demonstrates a direct link between memory and metabolism. What sets this discovery apart from other studies related to memory is its implications for understanding metabolic health. Deleting sugar-responsive neurons in the hippocampus of the animals not only disrupts memory but also reduces sugar intake and protects against weight gain, even when animals are exposed to high-sugar diets. This highlights a direct link between certain brain circuits involved in memory and metabolic health, which has been largely overlooked in the field of obesity research.

"Memory systems in the hippocampus evolved to help animals locate and remember food sources critical for survival," said first author Mingxin Yang, a University of Pennsylvania doctoral student in the de Lartigue lab. "In modern environments, where food is abundant and cues are everywhere, these memory circuits may drive overeating, contributing to obesity."

Specific, Yet Independent Circuits




Another key discovery is that food-related memories are highly specific. Sugar-responsive neurons encode and influence only sugar-related memories and intake, while fat-responsive neurons impact only fat intake. These neurons do not affect other types of memory, such as spatial memory for non-food-related tasks.

"The specificity of these circuits is fascinating," said de Lartigue. "It underscores how finely tuned the brain is for linking food to behavior, ensuring animals can differentiate between various nutrient sources in their environment." We have separate types of neurons that encode memory for foods rich in fat versus memory for foods rich in sugar. These separate systems presumably evolved because foods in nature rarely contain both fat and sugar, surmise the authors.

Implications for Treating Obesity 

The study's findings open new possibilities for addressing overeating and obesity. By targeting hippocampal memory circuits, it may be possible to disrupt the memory triggers that drive consumption of unhealthy, calorie-dense foods.

"These neurons are critical for linking sensory cues to food intake," said Dr. de Lartigue. "Their ability to influence both memory and metabolism makes them promising targets for treating obesity in today's food-rich world."

This collaborative study was conducted with colleagues from the University of Pennsylvania and the University of Southern California and was supported by the National Institutes of Health and the American Heart Association.
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From caring touch to cooperative communities | ScienceDaily
The power of touch and social connections helps people to cope with an increasingly stressful world as indicated by a recent decline in mental health. Gentle, caring touch plays a significant role in strengthening interpersonal bonds and enhancing mental health. It is often referred to as affective or consoling touch, and has been linked to many health benefits including enhanced social connection and trust, stress and pain reduction, and better mental health. As a Konstanz-based researcher and his team observe, caring, gentle social touch can also play a significant role in the lives of animals and may even allow for the evolution of cooperation.


						
In a recently published study, an international research team, led by Michael Griesser from the University of Konstanz and its Cluster of Excellence "Collective Behaviour" and Miya Warrington from Oxford Brookes University synthesizes evidence from the animal kingdom to highlight the key role of touch in animals for the evolution and persistence of friendships and cooperation.

Griesser and Warrington noticed differences in the level of touch and cooperation between two wild bird species that they both study -- Apostlebirds in the Australian outback and Siberian jays in Swedish Lapland. They observed that the high-touch apostlebirds preen each other and cooperated in many contexts, including joint care of young, while Siberian jays do not preen each other and cooperate in few tasks. Teaming up with primatologists, Judith Burkart and Natalie Uomini at the University of Zurich, Switzerland, and African mammal physiologists, Nigel Bennett and Daniel Hart at the University of Pretoria, South Africa, they explored the common features of touch, hormones and cooperation between birds and mammals. Astoundingly, the joint investigation revealed that touch has a key role in forming and maintaining social bonds in general, directly affecting how animals cooperate.

The word "cooperation" is used for many behaviours where the involved individuals benefit, explains Warrington, "but, in fact, not all such behaviours are done out of kindness, or because we are bonded to the other individual. Actually, cooperative behaviours occur along a spectrum." For example, on one side of the spectrum there are animals, like impalas, that groom each other reciprocally, to remove the parasites off their necks that they can't reach themselves. Thus, this is a very transactional behaviour. On the other side of the spectrum, animals like marmosets, live in family groups and group members do everything together regardless of immediate direct benefits. Thus, marmosets are very prosocial in most aspects of their lives.

This spectrum of cooperation is not entirely unexpected, reflecting the great diversity in how and why species cooperate. "As we observe in Apostlebirds and Siberian jays, the diversity in cooperation has a link to the level of touching, but also touch sensitivity and the types of bonds in nature" explains Griesser. Indeed, this is seen in mole rats where asocial species have few touch receptors in their skin and are not touch sensitive while the opposite is the case in social mole rat species, for example the eusocial naked mole rat.

In social species, the caring touch offspring receive early on in life sets a dynamic in motion that continues into adulthood. Griesser and Warrington observe that, as a result, animals that grow up with close social bonds engage more likely in social cooperation, not only in the context of their families, but also with other adults, in partnerships and friendships as well as during their own parenthood.

Key facts:
    	The article "The power of caring touch: from survival to prosocial cooperation" was published in Journal Trends in Ecology and Evolution.
    	The article describes a link between caring touch -- especially during brood care -, sociality and social cooperation. The hormones oxytocin and vasotocin play an important role in the process.
    	Author Michael Griesser works at the Cluster of Excellence "Collective Behaviour" at the University of Konstanz and is an associated researcher at the Max Planck Institute of Animal Behavior.
    	Author Miyako H. Warrington researches at Oxford Brookes University, Oxford, UK.
    	Other contributors to the paper were Nigel C. Bennett (University of Pretoria, South Africa), Judith M. Burkart (University of Zurich, Switzerland), Daniel W. Hart (University of Pretoria, South Africa) and Natalie Uomini (University of Zurich, Switzerland).
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A molecule is shown to produce cognitive improvement in rodents with early Alzheimer's disease | ScienceDaily
The UPV/EHU's Neurochemistry and Neurodegeneration group has come up with a drug that is a potential candidate for tackling memory deficits in the early stages of the disease in rodents. Research shows that the drug activates the cannabinoid neurotransmitter system (which protects the brain), and this stimulates the cholinergic system (which controls memory and learning) by increasing the synthesis of acetylcholine (a neurotransmitter in the brain that controls memory and learning). These results open up a promising therapeutic approach.


						
Research spanning more than 20 years has led the UPV/EHU's Neurochemistry and Neurodegeneration group under Dr Rafael Rodriguez-Puertas to discover a promising avenue for the development of new therapies that improve memory in cases of cognitive impairment in neurodegenerative diseases such as Alzheimer's and Parkinson's. The study carried out by Dr Marta Moreno-Rodriguez in the UPV/EHU group showed that the neurotransmitter receptors in the cannabinoid family and certain choline-containing lipids in the brain contribute towards cognitive improvement in rats.

The researcher Rodriguez-Puertas explained that "analyses carried out over the years on a very large sample of brain tissue from autopsies of patients who were at different stages of development of the disease enabled us, intriguingly, to see that when the first clinical symptoms of Alzheimer's emerge, damage is found in the area that is initially affected in patients and is caused by one of the interneuronal transmission systems, the cholinergic system (which controls memory and learning and uses acetylcholine as a neurotransmitter); by contrast, we saw that another neurotransmission system, the cannabinoid system, increases." The team also found that as the disease progresses, the cannabinoid system also ends up damaged: "It's as if this cannabinoid system has an initial protective response to the damage of the cholinergic system and tries to protect the brain," he said. "It is therefore a therapeutic target on which to act."

After testing the effect of the drug WIN55.212-2, which interacts with cannabinoid receptors, on rodents in the early stages of the disease, the team found "that they behaved in the same way as those without brain damage: they learned and remembered spatial orientation in the same way," explained Marta Moreno. "You could say that in some way the drug reversed the damage or protected the brain."

A novel technique to identify and locate lipids in the brain

The research group was able to understand the mechanism of this cognitive improvement "by using a novel technique developed and fine-tuned by the research group at the UPV/EHU and which enables the lipids in the brain to be identified and anatomically located. That way we saw that, after treatment, the activity of the cannabinoid system had increased; and also that there was an increase in the activity of the patients' cholinergic neuronal receptors that had been damaged, and also that there was an increase in the synthesis of certain lipids containing choline, which are precursors of acetylcholine, a neurotransmitter that controls memory and learning in the brain," explained Rafael Rodriguez. In other words, "the cannabinoid receptors were seen to be activated and the acetylcholine levels in the brain to be increased. The drug restored the cholinergic system and improved memory," added Moreno.

Rafael Rodriguez believes that "this molecule could become a drug to treat the symptoms of dementia, at least during the initial stages of the disease, because we have already seen that the body itself, physiologically, tries to do something similar." "With these pharmacological treatments we could help to enhance that effect, or perhaps even apply a mixed treatment of cannabinoid drugs with acetylcholine precursors," he suggested.




Seeking similar molecules to move on to clinical trials

Although the results of the tests on rodents were very promising, and the next step would be to study their toxicity and move on to clinical testing on humans, the research team has come up against the obstacle that the molecule is a free-to-use molecule, in other words "it is a synthesis molecule that is widely used in experimentation; we did not synthesise it ourselves. It is not a molecule that a particular pharmaceutical company can exploit. Toxicology studies and clinical trials constitute a major investment for the pharmaceutical industry and this molecule does not offer them the possibility of future commercial exploitation"; so they are now working to find and synthesise molecules similar to WIN55.212-2 that could be of interest to the pharmaceutical industry and thus pave the way towards the clinical study of this new therapeutic pathway. To this end, they are working in collaboration with CIC bioGUNE and the University of Vigo.

Additional information

This study is the outcome of many years of uninterrupted work and of the PhD thesis of the researcher Marta Moreno-Rodriguez, written up under the supervision of Rafael Rodriguez-Puertas, a tenured doctoral researcher and leader of the UPV/EHU's Neurochemistry and Neurodegeneration research group. Marta Moreno is currently working at the Barrow Neurological Institute in Arizona (USA).

The tissue samples analysed over the years came from the Basque Biobank, the Central University Hospital of Asturias and the Barrow Neurological Institute (USA).
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New insights into the biology and risk factors of childhood obesity | ScienceDaily
A cutting-edge molecular approach provides a detailed picture of the biological pathways associated with childhood obesity and metabolic dysfunction, and identifies environmental risk factors during early life. The study, led by the Barcelona Institute for Global Health (ISGlobal), an institution supported by "la Caixa" Foundation, can help to develop strategies to prevent childhood obesity and its long-term health effects.


						
Childhood obesity is a major public health concern: 1 in 10 children are living with obesity across Europe, which puts them at high risk of metabolic disorders and cardiovascular disease later in life. Despite its prevalence, the biological mechanisms behind obesity-related health problems remain poorly understood, and not all children with obesity develop metabolic issues.

To address this gap, researchers used an advanced "multi-layered omics" approach to examine gene expression, proteins, and metabolites in blood samples from over 800 European children, together with detailed information about their health and prenatal environment. "Prenatal life is particularly important because environmental exposures during this critical developmental period can have pronounced effects later in life," says Martine Vrijheid, ISGlobal researcher and senior author of the study.

The study is part of the Human Early Life Exposome (HELIX) project, which follows cohorts of children from Northern Europe (Bradford, UK; and Poitiers, France) and Southern Europe (Sabadell, Spain; and Heraklion, Greece).

A high-risk cluster of children

By analysing five "omics" layers- DNA methylation, microRNAs, mRNA, proteins and metabolites- the researchers identified three distinct clusters among the children. One of these groups stood out because the children not only had higher body fat but also showed more signs of metabolic complications. This high-risk cluster showed a higher expression of inflammation markers, which indicate an overactive immune system.

"Many of these inflammatory molecules can lead to insulin resistance and trigger a chronic inflammatory loop," explains first author Nikos Stratakis. "By focusing on clusters derived from multi-omics profiles, our approach provides a better understanding of the biological pathways involved in metabolic health, beyond traditional clinical markers," he adds.

Early-life environmental risk factors

The researchers also looked at environmental factors during pregnancy and found that the mother's weight before pregnancy strongly influenced whether her child fell into the high-risk group. Interestingly, the environmental exposures linked to the high-risk cluster differed depending on the region. In Northern and Western Europe, maternal exposure to the industrial chemical perfluorooctanoate (used in non-stick coatings) was a significant risk factor. In Southern / Mediterranean Europe, maternal exposure to mercury, likely from higher fish consumption, was identified as a risk factor.

"These findings help us identify modifiable risk factors that could be targeted early in life," says Vrijheid. "They also underscore the need to tailor prevention guidelines to diverse country contexts," she adds.
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'Perfect storm' of mutations drives infection-triggered autoimmune disease | ScienceDaily
Scientists at the Garvan Institute of Medical Research have discovered how a viral infection causes autoimmune disease, disproving a long-standing theory and opening a promising new approach to developing treatments for autoimmune conditions.


						
The research, published today in the journal Immunity, focuses on hepatitis C virus (HCV) -- which affects an estimated 58 million people worldwide -- and its role in triggering a serious autoimmune disease called cryoglobulinemic vasculitis in up to 15% of cases, where antibodies attack blood vessels and can damage organs throughout the body.

Until now, scientists believed this autoimmune response occurred because viral proteins mimicked the body's own proteins, confusing the immune system into attacking both. The Garvan team revealed that this is not the case -- rather, the critical trigger is mutations in 'rogue clone' B cells.

"This discovery fundamentally changes our understanding of how infections can cause autoimmune conditions," says Professor Chris Goodnow, Head of the Immunogenomics Lab at Garvan and the study's co-senior author. "By pinpointing these rogue clones, we can better understand how to target them, which is a potentially transformative approach to treating autoimmune disease in patients."

Viral infection leads to a 'perfect storm' of mutations

Using sophisticated single-cell analysis techniques and whole genome sequencing, the researchers analysed the immune cells in the blood of four patients with HCV-triggered cryoglobulinemic vasculitis. They identified the specific rogue clone B cells that were present in large numbers and produced harmful autoantibodies.

"The long-standing theory is that B cells trained to recognise the foreign virus become confused and target the body instead -- a phenomenon referred to as molecular mimicry. What our study showed was that during a chronic hepatitis C infection, antibodies on the virus surface form an antibody cluster that persistently stimulates the B cells to mutate," explains lead author Dr Clara Young. "This continual mutation, we found, eventually leads to development of the rogue clones that cause cryoglobulinemic vasculitis."

"Our research shows that three types of genetic mutations are required for the autoimmune disease to develop," adds Dr Dan Suan, co-senior author and Clinical Director of the Hope Research Program at Garvan. "Two of these mutations occur normally in B cells, but the presence of chronic viral particles that can't be cleared creates ongoing stimulation. The third mutation, linked to the development of blood cancers, occurs by chance over time. This perfect storm of mutations allows the cells to accumulate in large enough numbers to cause the autoimmune disease."




New pathways for autoimmune disease treatments

"This research opens up new possibilities for predicting and preventing autoimmune complications," says Professor Goodnow. "By understanding this structural mechanism, we can potentially develop targeted therapies that prevent these antibody formations from triggering autoimmune responses."

"While we've focused on HCV, these findings have broader implications for predicting and preventing autoimmune complications," says Dr Young. The insights are relevant to other infection-associated autoimmune conditions, such as Guillain-Barre syndrome and multiple sclerosis, which are also linked to other bacterial and viral infections.

"Mutations occur in B cells as part of their normal development, and understanding how they can drive autoimmunity is a significant step forward in our mission to eliminate the root cause of autoimmune disease rather than just managing symptoms," says Dr Suan.

This work was supported by the Bill and Patricia Ritchie Foundation, Croall Foundation, John Brown Cook Foundation and Miss Lyn Unsworth.

Chris Goodnow is The Bill and Patricia Ritchie Foundation Chair at the Garvan Institute and a Professor of the Cellular Genomics Futures Institute and School of Biomedical Sciences, UNSW Sydney.

Dr Dan Suan is a Senior Research Fellow and the Clinical Director of the Hope Research Program at the Garvan Institute.

Dr Clara Young is a Research Fellow at the Garvan Institute and Conjoint Lecturer at St Vincent's Clinical School, Faculty of Medicine and Health, UNSW Sydney.
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Bird flu is mutating, but antivirals still work | ScienceDaily
One of the earliest strains of bird flu isolated from a human in Texas shows a unique constellation of mutations that enable it to more easily replicate in human cells and cause more severe disease in mice compared to a strain found in dairy cattle, researchers from Texas Biomedical Research Institute (Texas Biomed) report in Emerging Microbes & Infections.


						
The finding highlights a key concern about the H5N1 strains of bird flu currently circulating in the U.S.: the speed at which the virus can mutate when introduced to a new host.

Naturally found in wild birds and lethal in chickens, H5N1 has spread to a wide variety of mammals and began infecting dairy cows for the first time in spring 2024. As of early 2025, the outbreak had spread through herds across multiple states in the U.S. and infected dozens of people, mostly farm workers. So far, most people infected experience mild illness and eye inflammation and the virus is not spreading between people. The first H5N1 death in the U.S. was reported in January 2025 following exposure to infected chickens.

"The clock is ticking for the virus to evolve to more easily infect and potentially transmit from human to human, which would be a concern," said Texas Biomed Professor Luis Martinez-Sobrido, Ph.D., whose lab specializes in influenza viruses and has been studying H5N1 since the outbreak began last year. The team has developed specialized tools and animal models to test prophylactic vaccines and therapeutic antivirals.

Human vs. bovine

In the recent study, they compared H5N1 strains isolated from a human patient and from dairy cattle in Texas.

"There are nine mutations in the human strain that were not present in the bovine strain, which suggests they occurred after human infection," Dr. Martinez-Sobrido said.




In mouse studies, they found that compared to the bovine strain, the human strain replicated more efficiently, caused more severe disease and was found in much higher quantities in brain tissue. They also tested several FDA-approved antiviral medications to see if they were effective against both virus strains in cells.

"Fortunately, the mutations did not affect the susceptibility to FDA-approved antivirals," said Staff Scientist Ahmed Mostafa Elsayed, Ph.D., first author of the study.

Antivirals will be a key line of defense should a pandemic occur before vaccines are widely available, Dr. Martinez-Sobrido said. This is especially true since humans have no preexisting immunity against H5N1 and seasonal flu vaccines appear to offer very limited protection, according to a separate study conducted in collaboration with Aitor Nogales, Ph.D., at the Center for Animal Health Research in Spain.

Next steps and recommendations

Texas Biomed is now exploring the human H5N1 mutations individually to determine which are responsible for increased pathogenicity and virulence. The team wants to figure out what allows H5N1 to infect such a wide range of mammal species; why H5N1 causes mild disease in cows but is lethal in cats; and why infections via cows are less harmful to people than infections from chickens.

In a third paper, Dr. Elsayed and collaborators analyzed the history of H5N1 in dairy cattle for the journal mBio and called for a One Health approach to protect both animals and people.

"A key priority will be to eradicate bird flu from dairy cows to minimize risk of mutations and transmission to people and other species," Dr. Elsayed said. "Steps that can be taken now include thorough decontamination of milking equipment and more stringent quarantine requirements, which will help eliminate the virus more quickly in cows."
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Researchers identify three psychological profiles that could determine the evolution of mental, cognitive and brain health in aging | ScienceDaily

According to the research team, the results highlight "the need for comprehensive psychological assessments of patients to identify different psychological profiles and thus enable more specific and individually tailored behaviour change strategies to be implemented."

The study is led by David Bartres-Faz, a researcher at the Faculty of Medicine and Health Sciences and the Institute of Neurosciences (UBneuro) of the University of Barcelona. He is also a member of the August Pi i Sunyer Biomedical Research Institute (IDIBAPS) and principal researcher at the Institut Guttmann Barcelona Brain Health Initiative (BBHI), which aims to find and understand how to maintain the brain's health.

Risk and protective factors for cognitive decline

Recent studies identified psychological characteristics that may be associated with increased risk or protection against cognitive decline, neurodegeneration and clinical dementia. For example, having repetitive negative thoughts, a tendency to experience distress and perceived stress are associated with more risk, while having a sense of purpose in life or self-reflection would be protective factors against such decline.

In this study, conducted on data from more than 1,000 volunteers of the BBHI and the Medit-Ageing international study, the research team examined whether these factors -- protective and risk factors -- combine in similar psychological profiles in two independent cohorts of middle-aged adults and older people without cognitive impairment.

Bartres-Faz stresses that "to date, psychological risk and protective factors have been examined almost exclusively independently: this approach is limiting, as psychological characteristics do not exist in isolation."

The team then analysed how belonging to each of these profiles is related to indicators of mental health, cognition, lifestyle and brain integrity -- measured by cortical thickness -- as well as cognitive evolution and brain atrophy over time. "The aim was to elucidate how various combinations of psychological characteristics are related to mental, cognitive and brain health," notes the UB and Gutmann Institut researcher.




Mental and cognitive health implications

The results show that having a "well-balanced" psychological profile, with moderately high protective factors and moderately low-risk factors, is associated with better cognitive and mental health in all indicators measured. "These associations were observed in all age groups studied, which reinforces the relevance of considering the balance of a wide range of psychological aspects as determinants of mental, cognitive and brain health in adulthood and older age," says Bartres-Faz.

On the other hand, a psychological profile with low levels of protective characteristics -- such as a sense of purpose, extraversion or openness to new experiences -- was associated with poorer cognition (especially in older people), more pronounced brain atrophy (already observable in middle-aged adults) and lower adherence to healthy lifestyles.

Finally, the third profile identified, characterized by high levels of negative or risky psychological traits, such as a high propensity for distress and negative thoughts, "may increase the risk of cognitive impairment and dementia through a psycho-affective pathway, including the expression of symptoms such as depression, anxiety, cognitive complaints, loneliness and sleep disorders," says the researcher.

Future prevention interventions

Once validated in larger-sample studies, these results could have important implications for the development of future preventive interventions designed to modify psychological factors and lifestyles. "For instance, people with traits compatible with the psychological profile with low levels of protective factors may benefit more from psychological therapies that include the identification or re-identification of valued behaviours and life purposes, such as acceptance and commitment therapy," Bartres-Faz notes.

However, "people who meet the criteria of the third profile identified may have a better response to therapies aimed at reducing distress-related symptoms, which have also recently been shown to have potential benefit," the researcher states. The expert stresses the importance of conducting "comprehensive psychological assessments, including analysis of both risk and protective factors, in order to more accurately estimate each person's risk profile."
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Small-scale fisheries essential to global nutrition, livelihoods | ScienceDaily
Small-scale fisheries play a significant but overlooked role in global fisheries production and are key to addressing hunger and malnutrition while supporting livelihoods around the world, according to research featured in the journal Nature. Published online on Jan. 15 by an international team of scientists, the study is the first to rigorously quantify how marine and inland small-scale fisheries contribute to aquatic harvests and nutritional and socioeconomic security on a global scale.


						
Although definitions vary, small-scale fisheries generally comprise households or communities, mostly in lower- to middle-income countries, that use lower-tech, more labor-intensive fishing techniques to fish for food or to earn money compared to large-scale fisheries. Historically, decision-makers have marginalized small-scale fisheries in resource management plans, food system analyses, and agricultural, nutritional and development policies, for various reasons. For example, census data usually groups small-scale fishers with agricultural workers.

"Millions of people who fish marine and inland waters have essentially been flying under the radar of science and policy. Ignoring their contributions and needs could be detrimental -- not just to fisherfolk, but to the environment and society as a whole," said co-lead author Xavier Basurto, who was the Bass Chair for Excellence in Teaching and Research at the Duke University Nicholas School of the Environment during the time of research.

"Our analysis shows that small-scale fisheries contribute almost half the catch across all fisheries. They have a critical role to play in meeting the food security and nutritional needs of billions of people," added co-lead author Nicolas L. Gutierrez, senior fishery officer for the Fisheries and Aquaculture Division of the Food and Agriculture Organization of the United Nations (FAO).

In 2017, FAO forged a unique partnership with the Nicholas School and the international research organization WorldFish to assess how small-scale fisheries fit into the U.N.'s Agenda for Sustainable Development, a blueprint for addressing global challenges such as hunger, poverty and gender inequality. The new study builds on a 2023 report published by the group, who call their collaboration the Illuminating Hidden Harvests Initiative (IHH).

"Our driving question was simple: Who produces aquatic foods, how and for whom?" said co-author Nicole Franz, who leads the Equitable Livelihoods Team in FAO's Fisheries and Aquaculture Division and had the initial idea for IHH. "Answering that question was more complicated, requiring a huge team of diverse experts in fields like fisheries science, nutrition, governance, gender and economics."

All told, more than 800 contributors from around the world worked on the new study. They collected and analyzed troves of data from case studies, surveys and databases for insight into the impact of small-scale fisheries on issues such as global catch, nutrition and employment.




The findings reveal that small-scale fisheries are integral to meeting Sustainable Development Goals related to reducing hunger, poverty and the impacts of climate change, and to enhancing aquatic conservation, women's rights and economic growth.

For example, catch from small-scale fisheries provides 20% of dietary intake across six essential nutrients -- including vitamins, minerals and omega-3 fatty acids -- to 2.3 billion people who live within 20 kilometers, or about 12 miles, of a coastline or large inland water body. In other words, about 1 in 4 people likely depends on small-scale fisheries to supply a substantial portion of several key nutrients.

In addition, almost 500 million people, or one in 12 individuals, are at least partially dependent on small-scale fishing for their livelihoods, a catchall term to describe the means used for meeting basic needs. Nearly half of those people are women -- an underrecognized demographic in fisheries research.

"Women participate in all aspects of fishing, from prep work, to catching fish, to processing activities such as cleaning fish. They're essential to these production systems that put food on the table for millions," said co-author John Virdin, director of the Ocean and Coastal Policy Program at Duke University's Nicholas Institute for Energy, Environment & Sustainability and a faculty member at the Nicholas School.

At least 40% of global catch comes from small-scale fisheries, the study found. Small-scale fisheries also contribute 44% of landed economic value, or money generated by fisheries globally.

Of all small-scale fisheries analyzed, African operations contribute most to global catch and nutrition. Meanwhile, small-scale fisheries in Oceania -- which includes nations in the South and Central Pacific Ocean -- play a major role in supporting livelihoods in the region.




"Our findings from Oceania help show just how important small-scale fishing is in countries where opportunities to make a living are more limited. In these cases, additional efforts for achieving effective fisheries management and governance to ensure the sustainability of the sub-sector are needed," Gutierrez said.

Despite their considerable societal contributions, many small-scale fishers do not have authority over their fisheries. Specifically, about two-thirds of catch from small-scale fisheries in 51 countries surveyed come from fishers with no formal rights to participate in resource management and decision-making processes, according to the study.

Lacking authority, small-scale fishers are vulnerable to external competition or exclusionary policies that could compromise the natural resources they rely on and their potential contributions to sustainable development.

"Often these fishers have been rooted in aquatic environments and communities for hundreds to thousands of years. The lack of appropriate support from local or national authorities often undermines local efforts to avoid free-for-all scenarios that can easily lead to overfishing," said Basurto, who is now on faculty at the Doerr School of Sustainability at Stanford University.

The study paves the way for additional policy action by governments and policymakers to best support small-scale fisheries and, by extension, environmental and global health.

"This study has started to quantify the impact of small-scale fisheries across the world and how they relate to important policy agendas on climate change, natural-resource management, governance, conservation, gender equity, social inclusion, diets and nutrition. By making those linkages explicit, I think our research has given policymakers a pathway to support small-scale fisheries," said co-author and WorldFish principal scientist Edward H. Allison.

The Norwegian Agency for Development Cooperation (NORAD) and the Swedish International Development Cooperation Agency (SIDA) provided funding to FAO; Duke University received funding from the Oak Foundation; and WorldFish received funding from the Consultative Group on International Agricultural Research (CGIAR) multi-donor trust fund grant through the Resilient Aquatic Food Systems Initiative.
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How cryogenic microscopy could help strengthen food security | ScienceDaily
According to the United Nations, soil salinization affects between 20% and 40% of arable land globally, with human activity and climate change -- especially rising sea levels -- largely responsible for this process. While the human body needs sodium to function, this is not the case for most plants. In fact, excess salt around plants' roots gradually blocks their access to water, stunting their growth, poisoning them and hastening their death. Ten million hectares of farmland are destroyed by soil salinization every year, posing a threat to global food security.


						
Scientists at EPFL, the University of Lausanne (UNIL) and their Spanish partners observed how 'Salt Overly Sensitive 1' (SOS1), a gene identified in 2000, protects the plant cells from salt. The team of biologists and engineers produced unprecedented images using the CryoNanoSIMS (Cryo Nanoscale Secondary Ion Mass Spectrometry) ion microprobe. With this cryogenic microscopy instrument -- the only one of its kind in the world -- they were able to obtain precise images of the location in which a specific nutrient is stored or used within a cell or tissue sample. Their observations show that, under high levels of salt stress, the ion transporter SOS1 no longer removes sodium but rather helps to load it into structures called the vacuoles within the cells. Better understanding this mechanism and working out why some species are more tolerant to sodium than others could, according to the scientists, allow us to develop new strategies to strengthen food security. Their findings have just been published in Nature.

First visual proof

"Our research provides the first visual proof, at the cellular scale, of how plants protect themselves against excess of sodium," says Priya Ramakrishna, a postdoctoral researcher at EPFL's Laboratory for Biological Geochemistry (LGB) and the lead author of the paper. "Previous hypotheses of this mechanism were based on indirect evidence. We can now see where sodium is transported to at different levels of salt stress -- something we were unable to do at this resolution before." The joint EPFL and UNIL team carried out observations in unprecedented detail with the recently developed CryoNanoSIMS instrument, that permits obtaining chemical images of biological tissue at a resolution of 100 nanometers, in this case on samples of plant roots that had been snap-frozen in a bath of liquid nitrogen and maintained at very low temperatures under vacuum, to preserve all elements in place in the tissue.

This approach allowed them to map individual plant cells and see where key elements, such as potassium, magnesium, calcium and sodium were stored in plant root tips -- the part of the plant known as the "root apical meristem" -- that contain the stem cells responsible for the development of the plant root system. The CryoNanoSIMS imaging showed the condition of the root at two different salt stress conditions.

A change of strategy

Under mild salt stress, the cells manage to keep sodium from entering. But the team observed a change of strategy under high salt stress: instead of evacuating the sodium, as previously thought, the SOS1 transporter helps to sequester it into vacuoles that serve to store unwanted products. "But this defense mechanism is energy-intensive, slowing down the plant's growth, inhibiting its performance and ultimately leading to its death if the salt stress persists," explains Ramakrishna. The researchers validated their observations by performing the same experiments on mutant samples lacking the SOS1 transporter gene, revealing its inability to transport sodium into the vacuoles, which explains its strongly increased sensitivity to salt. They also ran the tests using root samples taken from rice -- the world's most common crop -- and found that, in this case too, the sodium was transported to the vacuole under high salt stress.

Matching location with function

For Ramakrishna, a plant biologist by training, the chemical imaging made possible by the CryoNanoSIMS instrument is a complete game changer. And the instrument could also be used to investigate how plants protect themselves against other threats, such as heavy metal pollution and microbes. "With this kind of truly interdisciplinary collaboration, i.e., blending biology and engineering, we can match location with function and understand mechanisms and processes that have never been observed before," says corresponding author Anders Meibom, a professor at EPFL's School of Architecture, Civil and Environmental Engineering (ENAC) and UNIL's Faculty of Geosciences and Environment, in whose laboratory the CryoNanoSIMS instrument was developed.

Niko Geldner, the paper's co-corresponding author, head of the research team at UNIL's Faculty of Biology and Medicine and leader of the UNIL team, is equally enthusiastic about this collaboration: "Plants are fundamentally dependent on extracting mineral nutrients from the soil, but we were never able to observe their transport and accumulation at sufficient resolution. The CryoNanoSIMS technology finally achieves this and promises to transform our understanding of plant nutrition, beyond the problem of salt." Professor Christel Genoud, co-author of the paper and Director of the Dubochet Center for Imaging adds: "This technique is opening up an entirely new horizon in the imaging of biological tissue and places our institutions as leaders on this frontier."
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DNA damage can last unrepaired for years, changing our view of mutations | ScienceDaily
While most known types of DNA damage are fixed by our cells' in-house DNA repair mechanisms, some forms of DNA damage evade repair and can persist for many years, new research shows. This means that the damage has multiple chances to generate harmful mutations, which can lead to cancer.


						
Scientists from the Wellcome Sanger Institute and their collaborators analysed family trees of hundreds of single cells from several individuals. The team pieced together these family trees from patterns of shared mutations between the cells, indicating common ancestors.

Researchers uncovered unexpected patterns of mutation inheritance in the trees, revealing that some DNA damage persists unrepaired. In the case of blood stem cells, this can be for two to three years.

The research, published today (15 January) in Nature, changes the way we think about mutations, and has implications for understanding the development of various cancers.

Throughout our life, all of the cells in our body accumulate genetic errors in the genome, known as somatic mutations. These can be caused by damaging environmental exposures, such as smoking, as well as the everyday chemistry occurring in our cells.

DNA damage is distinct from a mutation. While a mutation is one of the standard four DNA bases (A, G, T or C) in the wrong place, similar to a spelling mistake, DNA damage is chemical alteration of the DNA, like a smudged unrecognisable letter. DNA damage can result in the genetic sequence being misread and copied during cell division -- known as DNA replication -- and this introduces permanent mutations that can contribute to the development of cancers. However, the DNA damage itself is usually recognised and mended quickly by repair mechanisms in our cells.

If researchers can better understand the causes and mechanisms of mutations, they may be able to intervene and slow or remove them.




In a new study, Sanger Institute scientists and their collaborators analysed data in the form of family trees of hundreds of single cells from individuals. The family trees are constructed from patterns of mutations across the genome that are shared between cells -- for example, cells with many shared mutations have a recent common ancestor cell and are closely related.

The researchers collated seven published sets of these family trees, known as somatic phylogenies. The data set included 103 phylogenies from 89 individuals1, spanning blood stem cells, bronchial epithelial cells and liver cells.

The team found unexpected patterns of mutation inheritance in the family trees, revealing that some DNA damage can persist unrepaired through multiple rounds of cell division. This was particularly evident in blood stem cells, where between 15 to 20 per cent of the mutations resulted from a specific type of DNA damage that persists for two to three years on average, and in some cases longer.

This means that during cell division, each time the cell attempts to copy the damaged DNA it can make a different mistake, leading to multiple different mutations from a single source of DNA damage. Importantly, this creates multiple chances of harmful mutations that could contribute to cancer. Researchers suggest that although these types of DNA damage occur rarely, their persistence over years means they can cause as many mutations as more common DNA damage.

Overall, these findings change the way researchers think about mutations, and has implications for the development of cancer.

Dr Michael Spencer Chapman, first author from the Wellcome Sanger Institute and the Barts Cancer Institute, said: "With these family trees, we can link the relationships of hundreds of cells from one person right back to conception, meaning we can track back through the divisions each cell has gone through. It's these large-scale, novel datasets that have led us to this unexpected finding that some forms of DNA damage can last for a long time without being repaired. This study is a prime example of exploratory science -- you don't always know what you're going to find until you look; you have to stay curious."

Emily Mitchell, an author from the Wellcome Sanger Institute, Wellcome-MRC Cambridge Stem Cell Institute and University of Cambridge, said: "When exploring family trees of blood stem cells in particular, we found a specific type of DNA damage that results in around 15 to 20 per cent of the mutations in these cells, and can last for several years. It is unclear why this process is only found in blood stem cells and not other healthy tissues. Knowing that the DNA damage is long-lasting gives new routes to investigate what the damage actually is. As we continue to better understand the causes of mutations, we may one day be able to intervene and remove them."

Dr Peter Campbell, lead author previously from the Wellcome Sanger Institute and now Chief Scientific Officer at Quotient Therapeutics, said: "We have identified forms of DNA damage that manage to escape our DNA repair mechanisms and persist in the genome for days, months, or sometimes years. These findings don't fit with what scientists have previously thought about the fundamentals of how mutations are acquired. This paradigm shift brings a new dimension to the way we think about mutations, and is important for the research community when designing future studies."
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How one brain circuit encodes memories of both places and events | ScienceDaily
Nearly 50 years ago, neuroscientists discovered cells within the brain's hippocampus that store memories of specific locations. These cells also play an important role in storing memories of events, known as episodic memories. While the mechanism of how place cells encode spatial memory has been well-characterized, it has remained a puzzle how they encode episodic memories.


						
A new model developed by MIT researchers explains how those place cells can be recruited to form episodic memories, even when there's no spatial component. According to this model, place cells, along with grid cells found in the entorhinal cortex, act as a scaffold that can be used to anchor memories as a linked series.

"This model is a first-draft model of the entorhinal-hippocampal episodic memory circuit. It's a foundation to build on to understand the nature of episodic memory. That's the thing I'm really excited about," says Ila Fiete, a professor of brain and cognitive sciences at MIT, a member of MIT's McGovern Institute for Brain Research, and the senior author of the new study.

The model accurately replicates several features of biological memory systems, including the large storage capacity, gradual degradation of older memories, and the ability of people who compete in memory competitions to store enormous amounts of information in "memory palaces."

MIT Research Scientist Sarthak Chandra and Sugandha Sharma PhD '24 are the lead authors of the study, which appears today in Nature. Rishidev Chaudhuri, an assistant professor at the University of California at Davis, is also an author of the paper.

An index of memories

To encode spatial memory, place cells in the hippocampus work closely with grid cells -- a special type of neuron that fires at many different locations, arranged geometrically in a regular pattern of repeating triangles. Together, a population of grid cells forms a lattice of triangles representing a physical space.




In addition to helping us recall places where we've been, these hippocampal-entorhinal circuits also help us navigate new locations. From human patients, it's known that these circuits are also critical for forming episodic memories, which might have a spatial component but mainly consist of events, such as how you celebrated your last birthday or what you had for lunch yesterday.

"The same hippocampal and entorhinal circuits are used not just for spatial memory, but also for general episodic memory," Fiete says. "The question you can ask is what is the connection between spatial and episodic memory that makes them live in the same circuit?"

Two hypotheses have been proposed to account for this overlap in function. One is that the circuit is specialized to store spatial memories because those types of memories -- remembering where food was located or where predators were seen -- are important to survival. Under this hypothesis, this circuit encodes episodic memories as a byproduct of spatial memory.

An alternative hypothesis suggests that the circuit is specialized to store episodic memories, but also encodes spatial memory because location is one aspect of many episodic memories.

In this work, Fiete and her colleagues proposed a third option: that the peculiar tiling structure of grid cells and their interactions with hippocampus are equally important for both types of memory -- episodic and spatial. To develop their new model, they built on computational models that her lab has been developing over the past decade, which mimic how grid cells encode spatial information.

"We reached the point where I felt like we understood on some level the mechanisms of the grid cell circuit, so it felt like the time to try to understand the interactions between the grid cells and the larger circuit that includes the hippocampus," Fiete says.




In the new model, the researchers hypothesized that grid cells interacting with hippocampal cells can act as a scaffold for storing either spatial or episodic memory. Each activation pattern within the grid defines a "well," and these wells are spaced out at regular intervals. The wells don't store the content of a specific memory, but each one acts as a pointer to a specific memory, which is stored in the synapses between the hippocampus and the sensory cortex.

When the memory is triggered later from fragmentary pieces, grid and hippocampal cell interactions drive the circuit state into the nearest well, and the state at the bottom of the well connects to the appropriate part of the sensory cortex to fill in the details of the memory. The sensory cortex is much larger than the hippocampus and can store vast amounts of memory.

"Conceptually, we can think about the hippocampus as a pointer network. It's like an index that can be pattern-completed from a partial input, and that index then points toward sensory cortex, where those inputs were experienced in the first place," Fiete says. "The scaffold doesn't contain the content, it only contains this index of abstract scaffold states."

Furthermore, events that occur in sequence can be linked together: Each well in the grid cell-hippocampal network efficiently stores the information that is needed to activate the next well, allowing memories to be recalled in the right order.

Modeling memory cliffs and palaces

The researchers' new model replicates several memory-related phenomena much more accurately than existing models that are based on Hopfield networks -- a type of neural network that can store and recall patterns.

While Hopfield networks offer insight into how memories can be formed by strengthening connections between neurons, they don't perfectly model how biological memory works. In Hopfield models, every memory is recalled in perfect detail until capacity is reached. At that point, no new memories can form, and worse, attempting to add more memories erases all prior ones. This "memory cliff" doesn't accurately mimic what happens in the biological brain, which tends to gradually forget the details of older memories while new ones are continually added.

The new MIT model captures findings from decades of recordings of grid and hippocampal cells in rodents made as the animals explore and forage in various environments. It also helps to explain the underlying mechanisms for a memorization strategy known as a memory palace. One of the tasks in memory competitions is to memorize the shuffled sequence of cards in one or several card decks. They usually do this by assigning each card to a particular spot in a memory palace -- a memory of a childhood home or other environment they know well. When they need to recall the cards, they mentally stroll through the house, visualizing each card in its spot as they go along. Counterintuitively, adding the memory burden of associating cards with locations makes recall stronger and more reliable.

The MIT team's computational model was able to perform such tasks very well, suggesting that memory palaces take advantage of the memory circuit's own strategy of associating inputs with a scaffold in the hippocampus, but one level down: Long-acquired memories reconstructed in the larger sensory cortex can now be pressed into service as a scaffold for new memories. This allows for the storage and recall of many more items in a sequence than would otherwise be possible.

The researchers now plan to build on their model to explore how episodic memories could become converted to cortical "semantic" memory, or the memory of facts dissociated from the specific context in which they were acquired (for example, Paris is the capital of France), how episodes are defined, and how brain-like memory models could be integrated into modern machine learning.

The research was funded by the U.S. Office of Naval Research, the National Science Foundation under the Robust Intelligence program, the ARO-MURI award, the Simons Foundation, and the K. Lisa Yang ICoN Center.
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Deep learning designs proteins against deadly snake venom | ScienceDaily
New proteins not found in nature have now been designed to counteract certain highly poisonous components of snake venom. The deep learning, computational methods for developing these toxin-neutralizing proteins offer hope for creating safer, more cost-effective and more readily available therapeutics than those currently in use.


						
Each year more than 2 million people suffer snakebites. More than 100,000 of them die, according to the World Health Organization, and 300,000 suffer severe complications and lasting disability from limb deformity, amputation or other aftereffects. Sub-Saharan Africa, South Asia, Papua New Guinea, and Latin America are among the places where poisonous snakebites pose the greatest public health concern.

The computational biology effort to discover better antivenom therapeutics, led by scientists at the UW Medicine Institute for Protein Design and the Technical University of Denmark, is reported today, Jan. 15, in Nature.

The lead author of the paper is Susana Vazquez Torres of the Department of Biochemistry at the UW School of Medicine and the UW Graduate Program in Biological Physics. Her hometown is Queretaro, Mexico, which is located near viper and rattlesnake habitats. Her professional goal is to invent new drugs for neglected diseases and injuries, including snakebites.

Her research team, which also included international experts in snakebite research, drugs and diagnostics, and tropical medicine from the United Kingdom and Denmark, concentrated their attention on finding ways to neutralize venom gathered from certain elapids. Elapids are a large group of poisonous snakes, among them cobras and mambas, that live in the tropics and subtropics.

Most elapid species have two small fangs shaped like shallow needles. During a tenacious bite, the fangs can inject venom from glands at the back of the snake's jaw. Among the venom's components are potentially lethal three-finger toxins. These chemicals damage bodily tissues by killing cells. More seriously, by interrupting signals between nerves and muscles, three-finger toxins can cause paralysis and death.

At present, venomous snakebites from elapids are treated with antibodies taken from the plasma of animals that have been immunized against the snake toxin. Producing the antibodies is costly, and they have limited effectiveness against three-finger toxins. This treatment can also have serious side effects, including causing the patient to go into shock or respiratory distress.




"Efforts to try to develop new drugs have been slow and laborious," noted Vazquez Torres.

The researchers used deep learning computational methods to try to speed the discovery of better treatments. They created new proteins that interfered with the neurotoxic and cell-destroying properties of the three-finger toxin chemicals by binding with them.

Through experimental screening, the scientists obtained designs that generated proteins with thermal stability and high binding affinity. The actual synthesized proteins were almost a complete match at the atomic level with the deep-learning computer design.

In lab dishes, the designed proteins effectively neutralized all three of the subfamilies of three-finger toxins tested. When given to mice, the designed proteins protected the animals from what could have been a lethal neurotoxin exposure.

Designed proteins have key advantages. They could be manufactured with consistent quality through recombinant DNA technologies instead of by immunizing animals. (Recombinant DNA technologies in this case refer to the lab methods the scientists employed to take a computationally designed blueprint for a new protein and synthesize that protein.)

Also, the new proteins designed against snake toxins are small, compared to antibodies. Their smaller size might allow for greater penetration into tissues to quickly counteract the toxins and reduce damage.




In addition to opening new avenues to develop antivenoms, the researchers think computational design methods could be used to develop other antidotes. Such methods also might be used to discover medications for undertreated illnesses that affect countries with significantly limited scientific research resources.

"Computational design methodology could substantially reduce the costs and resource requirements for development of therapies for neglected tropical diseases," the researchers noted.

The senior researchers on the project to design protein treatments for elapid snakebites were Timothy J. Perkins at the Technical University of Denmark and David Baker of the UW Medicine Institute for Protein Design and the Howard Hughes Medical Institute. Baker is a professor of biochemistry at the UW School of Medicine.

The University of Washington has submitted a provisional U.S. patent application for the design and composition of the proteins created in this study.
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Scientists identify new epigenetic approach to target colorectal cancer | ScienceDaily
A little-known mouse protein disrupts cancer-causing chemical changes to genes associated with human colorectal cancer cells and potentially could be used to treat solid tumors, according to a new study from researchers at the Johns Hopkins Kimmel Cancer Center and the Chinese Academy of Sciences.


						
In the study, published Jan. 8 in the journal Nature Communications, the mouse version of the protein, called STELLA, disrupted a key epigenetic factor and impaired tumor growth better than the protein's human version. By pinpointing the amino acids (building blocks of a protein) responsible for the difference in activity, the research team developed and tested a drug strategy using those amino acids to treat colorectal cancer in cell lines and in a mouse model of cancer. Epigenetics refers to chemical alterations to genes that promote cancer growth and spread without mutating the DNA.

"For solid tumors -- the major killers in cancer -- there is a tremendous unmet need to develop new approaches to therapeutically block DNA methylation abnormalities," says corresponding co-author Stephen Baylin, M.D., the Virginia and D.K. Ludwig Professor of Oncology and Medicine at Johns Hopkins and co-director of the Johns Hopkins Kimmel Cancer Center Genetics and Epigenetics Program. "This is a novel approach to take the emerging need for epigenetic therapy in cancer forward in a very palpable way," adds corresponding co-author Xiangqian Kong, a principal investigator at the Guangzhou Institute of Biomedicine and Health, Chinese Academy of Sciences.

The new drug strategy is the culmination of an intensive investigation into ways to target and block proteins that facilitate cancer-specific epigenetic changes in cells. Epigenetics ("on top of" genetics) refers to chemical modifications to the genome that don't change the DNA sequence. If DNA is a cell's hardware, the epigenome is the software. Epigenetic changes to DNA, which include attachment or removal of methyl groups, dictate when and where certain genes are turned on or off, and to what degree.

Just as abnormalities in DNA can drive cancer, so can abnormalities in the epigenome. During the past decade, scientists have developed numerous therapies that block abnormal DNA methylation to help prevent cancer progression and metastasis. Currently, epigenetic therapies are approved for blood cancers, such as leukemia, but not solid tumors.

A prominent epigenetic target is UHRF1, a protein that is highly expressed in many solid tumors. UHRF1 acts as a guide that recruits another protein to add methyl groups to the DNA of tumor suppressor genes. If researchers are able to intercept that guide, they might prevent or even undo cancer-causing changes to the genome, Baylin and Kong say.

Mounting evidence since 2014 suggests that STELLA, a protein involved in the development of mouse embryos, grabs UHRF1 and sequesters it away. With that knowledge, Baylin, Kong and colleagues set out to investigate how and why STELLA inhibits UHRF1.




They quickly identified a difference in the activity of the protein's mouse version and its human counterpart: mouse STELLA (mSTELLA), but not human STELLA (hSTELLA), binds tightly to UHRF1. Comparing the two proteins, they found that mSTELLA and hSTELLA are only 31% identical at the amino acid level.

Next, the team performed structural studies and identified a small peptide region that accounted for the difference in activity between mSTELLA and hSTELLA. But would the mouse peptide work as well in human cancer cells? Putting it to the test, the researchers found that the mSTELLA peptide was required to effectively block UHRF1 and activate tumor suppressor genes in human colorectal cancer cells.

Based on those results, the team moved immediately to develop a drug strategy using mSTELLA to treat cancer. They designed a lipid nanoparticle therapy -- an ultratiny drug delivery vehicle made of fatty molecules -- to deliver the mSTELLA peptide as mRNA to cells (similarly to how most COVID-19 vaccines work). The therapy performed well in mice, activating tumor suppressor genes and impairing tumor growth.

Because UHFR1 is implicated as an oncogene in numerous types of cancer, the results have implications for treating many cancers, say Baylin and Kong: "We are really excited about moving this forward to take to patients."

Other researchers involved in the study were Ying Cui, Ray-Whay Chiu Yen and Srinivasan Yegnasubramanian at Johns Hopkins. Additional authors were Wenjing Bai, Jinxin Xu, Wenbin Gu, Danyang Wang, Weidong Rong, Xiaoan Du, Xiaoxia Li, Cuicui Xia, Qingqing Gan, Guantao He, Huahui Guo, Jinfeng Deng, Yuqiong Wu, Cheng Luo, Linping Wu and Jinsong Liu from the Chinese Academy of Sciences in Beijing, and Scott Rothbart from the Department of Epigenetics at the Van Andel Institute, Grand Rapids, Michigan, where Baylin also has an appointment.

The study was supported by the National Natural Science Foundation of China (grant #22107101), an investigator-initiated grant from Bristol Myers-Squibb -- Celgene, the National Institute of Environmental Health Sciences (#R01ES011858), the Samuel Waxman Cancer Research Foundation, The Hodson Trust, the National Key R&D Program of China (#2022YFA1303100, #2023YFF0724200), the Guangdong Basic and Applied Basic Research Foundation (#2021B1515420002, #2023B1212060050), the Pearl River Talents Plan (#2021QN02Y734), the Science and Technology Projects in Guangzhou (#2024A04J4358), the Open Project of State Key Laboratory of Respiratory Disease (#SKLRD-OP-202213), the Lingang Laboratory (#LG-QS-202205-07), the Basic Research Project of Guangzhou Institute of Biomedicine and Health, Chinese Academy of Sciences (# GIBHBRP23-03, GIBHBRP24-03) and the National Cancer Institute, National Institutes of Health (#R01CA283463).

Baylin is an inventor of MSP, which is licensed to MDxHealth in agreement with The Johns Hopkins University. He and JHU are entitled to royalty sale shares. He also has been granted a provisional patent related to the work.
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Putting a lid on excess cholesterol to halt bladder cancer cell growth | ScienceDaily
Like all cancers, bladder cancer develops when abnormal cells start to multiply out of control. But what if we could put a lid on their growth?


						
Previous studies showed that a protein called PIN1 helps cancers initiate and progress, but its exact role in tumor development has remained unclear. Now, cancer biologists at the Salk Institute have discovered that PIN1 is a significant driver of bladder cancer and revealed that it works by triggering the synthesis of cholesterol -- a membrane lipid essential for cancer cells to grow.

After mapping out the molecular pathway between PIN1 and cholesterol, the researchers developed an effective treatment regimen that largely halted tumor growth in their mouse model of cancer. The therapy consists of two drugs: a PIN1 inhibitor called sulfopin, an experimental drug not yet tested in humans, and simvastatin, a statin that is already used in humans for lowering cholesterol levels to reduce the risk of cardiovascular disease.

The findings were published in Cancer Discovery, a journal of the American Association for Cancer Research, on January 14, 2025.

"We're excited to be the first to identify PIN1's role in bladder cancer and to describe the mechanism it uses to drive tumor growth," says senior author Tony Hunter, American Cancer Society professor and holder of the Renato Dulbecco Chair at Salk. "Given the high costs, morbidity, and mortality rates for bladder cancer, we're especially thrilled to discover that targeting the cholesterol pathway with this therapeutic combination was so effective in suppressing bladder tumor growth in mice, and we hope to see this approach explored in a future clinical trial, once a PIN1 inhibitor is approved for clinical use."

Bladder cancer is one of the most diagnosed cancers worldwide and the fourth most common cancer among men. It poses a serious threat to public health, as most cases result in either expensive, lifelong treatment, or rapid progression and mortality.

Hunter's lab had originally discovered PIN1 in 1996 as a part of its work on phosphorylation, a process in which phosphate molecules are tacked onto proteins to change their structure and function. The lab showed that PIN1 is an enzyme that can recognize a protein when a phosphate is added to the amino acid serine while it's next to the amino acid proline. PIN1 then changes that protein's shape.




Phosphorylation of proteins at serine residues next to prolines is known to be a major signaling mechanism controlling cell proliferation and malignant transformation, and its dysregulation causes human cancers. PIN1 can target these phosphorylated areas and instigate structural and functional changes to the protein. Still, it's been unclear exactly how this PIN1 activity contributes to tumor formation or which proteins PIN1 might be interacting with in bladder cancer cells.

In search of answers, the team compared normal human bladder cells with bladder cancercells, in culture dishes and implanted in mice.

First, they demonstrated that PIN1 expression was higher in bladder cancer cells -- specifically in the specialized tissue layer that lines the inside of the urinary tract, called the urothelium. Then, they used genetic scissors to eliminate the PIN1 gene in the cancer cells. Without PIN1, they saw fewer cancerous cells develop, and those that did develop migrated less aggressively within and beyond the urothelium.

These findings indicated that PIN1 was contributing to the development of bladder cancer, but how?

The researchers returned to the cells that were missing PIN1 and looked to see if any other biological processes had been altered. Surprisingly, they found that one of the most affected pathways was the cholesterol synthesis pathway, mediated by a protein called SREBP2. Without PIN1, the bladder cells contained much lower levels of cholesterol.

"Cancer cells need a lot of cholesterol to accomplish their trademark excess growth," says first author Xue Wang, a postdoctoral researcher in Hunter's lab. "Our findings show that PIN1 plays an important role in cholesterol production, and removing it leads to lower cholesterol and therefore less out-of-control tumor growth."

Through a series of experiments, the researchers confirmed that PIN1 was working with the SREBP2 protein to stimulate cholesterol production. Removing PIN1 effectively put a lid on the cancer's fuel supply, but reinstating PIN1 reversed those anti-cancer effects. Without intervention, the high level of PIN1 in bladder cancer assists in tumor growth and metastasis.




How can we stop PIN1? One obvious answer is to inhibit the protein itself, but it's also possible to inhibit an enzyme in the cholesterol pathway that PIN1 stimulates. One class of drugs, called statins, is already very widely used to control cholesterol levels. Statins work by blocking a protein in the cholesterol biosynthesis pathway called HMGCR. The idea was to attack the cholesterol pathway from two angles by combining simvastatin, a widely prescribed statin, to block HMGCR, and sulfopin to disable PIN1 and prevent its activation of SREBP2, thus drastically reducing the ability of the bladder cancer cells to make cholesterol.

When the researchers treated the mice with bladder cancer tumors with the PIN1 inhibitor sulfopin and the HMGCR inhibitor simvastatin, they found the combination suppressed cancer cell proliferation and tumor growth -- importantly, the two worked better in tandem than as individual treatments.

"This is likely just one of many roles that PIN1 plays in cancers," says Hunter. "What's exciting about this discovery, though, is that statins are already in human use to prevent cardiovascular disease, and our work suggests an opportunity to use statins in combination with other drugs for bladder cancer therapy. And beyond this, we'll continue to study whether PIN1 plays a similar role in other cancers, so our findings can hopefully improve lives regardless of cancer type."

Not only did the team confirm PIN1's role in bladder cancer progression, they also connected PIN1 to cholesterol biosynthesis and created viable treatment solutions to improve treatment outcomes.

Other authors include Yuan Sui and Jill Meisenhelder of Salk, Derrick Lee of UC San Diego, and Haibo Xu of Shenzhen University in China.

The work was supported by the National Institutes of Health (CCSG P30CA023100, CCSG CA014159, 5 R35 CA242443) and a Pioneer Fund Postdoctoral Scholar Award.
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Researchers invent soft, bioelectronic sensor implant | ScienceDaily
Researchers at the University of California, Irvine and New York's Columbia University have embedded transistors in a soft, conformable material to create a biocompatible sensor implant that monitors neurological functions through successive phases of a patient's development.


						
In a paper published recently in Nature Communications, the UC Irvine scientists describe their construction of complementary, internal, ion-gated, organic electrochemical transistors that are more amenable chemically, biologically and electronically to living tissues than rigid, silicon-based technologies. The medical device based on these transistors can function in sensitive parts of the body and conform to organ structures even as they grow.

"Advanced electronics have been in development for several decades now, so there is a large repository of available circuit designs. The problem is that most of these transistor and amplifier technologies are not compatible with our physiology," said co-author Dion Khodagholy, Henry Samueli Faculty Excellence Professor in UC Irvine's Department of Electrical Engineering and Computer Science. "For our innovation, we used organic polymer materials that are inherently closer to us biologically, and we designed it to interact with ions, because the language of the brain and body is ionic, not electronic."

In standard bioelectronics, complementary transistors have been composed of different materials to account for different polarities of signals, which, in addition to being unyielding and cumbersome, present the risk of toxicity when implanted in sensitive areas. The team of researchers from UC Irvine and Columbia University worked around this problem by creating its transistors in an asymmetric fashion that enables them to be operated using a single, biocompatible material.

"A transistor is like a simple valve that controls the flow of current. In our transistors, the physical process that controls this modulation is governed by the electrochemical doping and de-doping of the channel," said first author Duncan Wisniewski, Columbia University Ph.D. candidate during the project who is now a visiting scholar in the UC Irvine Department of Electrical Engineering and Computer Science. "By designing devices with asymmetrical contacts, we can control the doping location in the channel and switch the focus from negative potential to positive potential. This design approach allows us to make a complementary device using a single material."

He added that arraying transistors into a smaller, single-polymer material greatly simplifies the fabrication process, enabling large-scale manufacturing and opportunities to expand the technology beyond the original neurological application to almost any biopotential processes.

Khodagholy, who heads the UC Irvine Translational Neuroelectronics Laboratory, which recently moved to Irvine from Columbia University, said that his team's work has the added benefit of scalability: "You can make different device sizes and still maintain this complementarity, and you can even change the material, which makes this innovation applicable in multiple situations."

Another advantage highlighted in the Nature Communications paper is that the device can be implanted in a developing animal and withstand transitions in tissue structures as the organism grows, something that is not possible with hard, silicon-based implants.




"This characteristic will make the device particularly useful in pediatric applications," said co-author Jennifer Gelinas, UC Irvine associate professor of anatomy and neurobiology as well as pediatrics, who's also a physician at Children's Hospital of Orange County.

"We demonstrated our ability to create robust complementary, integrated circuits that are capable of high-quality acquisition and processing of biological signals," Khodagholy said. Complementary, internal, ion-gated, organic electrochemical transistors "will substantially broaden the application of bioelectronics to devices that have traditionally relied on bulky, nonbiocompatible components."

Joining Khodagholy, Gelinas and Wisniewski on this project were Claudia Cea, Liang Ma, Alexander Ranschaert, Onni Rauhala and Zifang Zhao of Columbia University. The work was supported by the National Institutes of Health and the National Science Foundation.
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Yes, college students gain holiday weight too -- but in the form of muscle not fat | ScienceDaily
With the holidays behind us, many Americans are seeing the numbers on the scale go up a pound or two. In fact, data shows that many American midlife and older adults gain 1 to 1.5 pounds over the November through January holiday period. Though not harmful on its own, even a small amount of holiday weight gain in the form of fat can negatively affect health. People often fail to lose the extra weight, which leads to significant cumulative weight gain over the years and contributes to health concerns.


						
Based on new research, we now know that college students gain the same amount of weight as older adults during the holiday season; however, they add new muscle not fat.

Obesity researcher Martin Binks, professor and chair of George Mason University's Department of Nutrition and Food Studies, was surprised by the findings of this breakthrough research. "The differences between college students' and older adults' weight gain highlights the importance of understanding weight and health in the context of major life stages and transitions across the lifespan," says Binks. "At this key transitional stage of life, the influence of the holiday season is uniquely different for college students than later in adulthood. It raises so many important scientific questions about what might be driving this." Binks is interested in learning more about the reasons for this difference with future studies.

Binks has been a metabolic disease scientist and clinician for over 20 years. He has assisted thousands of patients with behavioral pharmacologic and surgical weight loss, health and wellness, and quality of life improvement. He has been chair of George Mason's Department of Nutrition and Food Studies since August 2024. This publication is the result of a study that was conducted by undergraduate students who were guided by graduate students under Binks' mentorship. "Mentoring students in conducting impactful research is at the heart of my lifelong passion and is integral to the vision of George Mason's Nutrition and Food Studies department," says Binks.

Obesity Science & Practice published "Holiday Weight Change in a US College Student Sample: A Prospective Observational Cohort Study" in January 2025. Additional authors include Hannah B Yoo (lead author), Casen Bigham, Sharmin Akter, Alexis Brown, Shruthi Durai, and Claire Brown from Texas Tech University; Tanisha Basu from the University of Cincinnati; Tiffany Tsai from Princeton University; and Sara Kiros from the University of Oregon.
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Gene editing extends lifespan in mouse model of prion disease | ScienceDaily
Researchers at the Broad Institute of MIT and Harvard have developed a gene-editing treatment for prion disease that extends lifespan by about 50 percent in a mouse model of the fatal neurodegenerative condition. The treatment, which uses base editing to make a single-letter change in DNA, reduced levels of the disease-causing prion protein in the brain by as much as 60 percent.


						
There is currently no cure for prion disease, and the new approach could be an important step towards treatments that prevent the disease or slow its progression in patients who have already developed symptoms. A base-editing approach could also likely be a one-time treatment for all prion disease patients regardless of the genetic mutation causing their disease.

The work, led by Broad senior group leaders Sonia Vallabh and Eric Minikel, as well as Broad core institute member David Liu, is the first demonstration that lowering levels of the prion protein improves lifespan in animals that have been infected with a human version of the protein. The findings appear in Nature Medicine.

"As a patient scientist, I think often about how lucky we are to be coming at this problem now," said Vallabh. "When I received my genetic test report in 2011, the world had never heard of base editing. It's a huge privilege to have the opportunity to point these powerful new tools at our disease."

"It's been incredible to merge our disease models with this gene-editing technology," Minikel said.

"Our lab is very fortunate to have the opportunity to work with Eric and Sonia, who have brought tremendous expertise, scientific rigor, and total dedication to this collaboration," said Liu, the Richard Merkin Professor and director of the Merkin Institute of Transformative Technologies in Healthcare at the Broad. "We are hopeful the results might inform the future development of a one-time treatment for this important class of diseases."

Meirui An and Jessie Davis, both graduate students in Liu's lab at the time of the project, are co-first authors on the study.




"Prion disease has a lot of different origins -- some are genetic, some occur spontaneously, and others stem from infections -- but we believe this base editing strategy can be applied to all of these forms of prion disease," An said. "This has the potential to be a really promising strategy."

A long-awaited strategy

Vallabh and Minikel have been studying prion disease since 2012, after Vallabh's mother passed away from a form of the disease called fatal familial insomnia and Vallabh found out that she had inherited the disease-causing mutation. The wife-and-husband team started a lab at the Broad with a singular focus: preventing and treating prion disease within their lifetime.

Not long after the development of CRISPR-Cas9 gene editing in 2013, Vallabh and Minikel began thinking about whether CRISPR could be used to disrupt the gene encoding the prion protein. Minikel remembers thinking, "There's something really promising there. We should be able to do something with this."

In 2018, Liu, who works on the same floor as Minikel and Vallabh at Broad, approached them and proposed a collaboration. His lab had just developed base editing, a gene-editing approach that makes single-letter changes in DNA and can shut down protein production using strategies including installing a "stop" signal in the genetic code.

Vallabh and Minikel knew from studying population databases such as the Genome Aggregation Database (gnomAD) that R37X, a naturally occurring mutation in the prion gene, reduced protein levels without harmful side effects in people. That gave them hope that installing the same mutation using base editing might be protective against the disease.




"We realized it was this golden opportunity to use human genetics to inform base editing," Minikel said.

Brain delivery

In the new study, the team showed that a base editor installed the R37X edit in human cells efficiently and with few unwanted byproducts. But the researchers needed to deliver the base editors to the brain.

Building on previous work by the vector-engineering lab of Ben Deverman at the Broad, the team developed a pair of adeno-associated viruses (AAVs) to package and deliver the base-editing machinery to brain cells. They then administered the AAVs to mice infected with the human prion protein.

On average, the system installed the R37X edit in 37 percent of copies of the gene, reducing levels of the prion protein by 50 percent compared to mice without the treatment. The mice also lived about 50 percent longer.

The scientists made a swath of improvements to their system to boost editing efficiency and limit delivery to other tissues. With their improved system, they observed 63 percent lower prion protein levels at a six-fold lower dose of AAVs.

In the future, the team hopes to make the base-editing cargo smaller, because dual AAVs can be costly to produce. They also plan to develop a strategy that uses prime editing -- which can install more complicated DNA edits than single-base changes -- to install a protective mutation that does not shut down protein production but rather ensures that the prion protein itself is benign.

"There's still a long way to go to make this a therapy," Minikel said. "But it's really exciting to see how much is possible."

This work was supported in part by the National Institutes of Health, Prion Alliance, and the Howard Hughes Medical Institute.
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Painful skin when tapering cortisone cream | ScienceDaily
Painful skin and trouble sleeping are among the problems reported when tapering cortisone cream for atopic eczema. This has been shown by a study headed by the University of Gothenburg. Many users consider the problems to be caused by cortisone dependence.


						
Topical steroid withdrawal (TSW) is a phenomenon commonly described as extremely red and painful skin arising when cortisone cream treatment is tapered or stopped.

While TSW is not an established diagnosis, the name indicates that the skin has become dependent on cortisone. Little research has been conducted to identify a dependency mechanism, so scientific support is lacking. At the same time, the term has become commonplace on social media, raising concerns among patients about cortisone cream safety.

Now, a national research group in Sweden, headed by Sahlgrenska Academy at the University of Gothenburg, has conducted the first study in which a larger group has been asked to provide a detailed account of what they consider to be TSW.

Questionnaire via social media

The study targeted adults with atopic eczema, a group that often uses cortisone cream, who also identified as suffering from TSW. The study was conducted by means of an anonymous questionnaire presented in Swedish in social media forums, with the option to share a link to invite other potential participants. The questionnaire was answered by almost one hundred people aged 18-39, the majority of whom were women.

"We wanted to gain more knowledge about how those who identify as suffering from TSW define the phenomenon and which symptoms they describe," says Mikael Alsterholm, a researcher at the University of Gothenburg and a senior consultant in dermatology and venereology at Sahlgrenska University Hospital.




The results, published in the journal Acta Dermato-Venereologica, show variations in how the participants defined TSW. Most common was to define it as a dependence on cortisone, with symptoms arising when tapering or stopping its use, although many others also defined TSW as a reaction to cortisone already during its use.

It was also common to define TSW on the basis of the symptoms seen in the skin, such as redness and pain. While the symptoms described varied, they were largely similar to the symptoms seen in an exacerbation of atopic eczema.

In addition to the skin becoming red, dry, and blistered -- mainly on the face, neck, torso, and arms -- the participants also described sleep problems due to itching as well as signs of anxiety and depression.

Healthcare and research involvement

A majority of the participants described concurrent symptoms of both atopic eczema and TSW. Cortisone cream was most often cited as the triggering factor, while some cited cortisone tablets and a few cortisone-free treatments.

"It's important that healthcare professionals and researchers are involved in the discussion on TSW and contribute science-based knowledge where possible. Cortisone cream is an effective and safe treatment for most people, and at present there's no support for avoiding its use for fear of the types of symptoms described in the context of TSW," says Mikael Alsterholm.

"At the same time, there's a patient group with different experiences, expressed as TSW, and their symptoms and the potential causes need to be investigated by means of both research and practical healthcare. To do this, we first need to define TSW. While we understand that this is complicated, we hope that this study can help establish such a definition," he ends.
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Saliva activates coagulation in persons with hemophilia A | ScienceDaily
A recent study led by MedUni Vienna provides new insights into the mechanisms of coagulation in persons with haemophilia A, the most common form of haemophilia. The research team was able to show that saliva contains special vesicles that trigger rapid coagulation of the blood of haemophilic patients. The results, which were recently published in the scientific journal Blood, contribute significantly to a better understanding of the disease.


						
Haemophilia is a hereditary blood disorder characterised by a deficiency of certain coagulation factors, which can lead to life-threatening bleeding if left untreated. Why haemophilia A (with factor VIII deficiency) often leads to joint bleeding, but rarely to mucosal bleeding, was previously unclear. In search of an explanation, the scientific team led by Johannes Thaler and Cihan Ay (Clinical Division of Hematology and Hemostaseology, Department of Medicine I, MedUni Vienna) and Rienk Nieuwland (Amsterdam University Medical Centers) studied research into the importance of the body's own fluids for blood coagulation, which had been forgotten for decades.

The researchers discovered that the saliva of haemophilia A patients contains extrinsic tenase complexes, which are located on vesicles. Extrinsic tenase complexes are protein complexes that consist of two coagulation factors (tissue factor TF and factor VIIa) and initiate the activation of the coagulation cascade when they come into contact with blood. Analyses by the study authors confirm that mucosal bleeding in the mouth of these patients is indeed rare and stops quickly. Patients without this protein complex in their saliva lack this protective mechanism. "They therefore often suffer from oral mucosal bleeding," reports Johannes Thaler.

Body fluids as activators of blood coagulation

The importance of body fluids for coagulation was first described in the 1930s. At that time, the average life expectancy of haemophilia patients was just eight years. The Viennese paediatrician Alphons Sole discovered that maternal milk is a strong activator of coagulation. In a clinical study, he showed that tamponades soaked in maternal milk quickly brought acute, previously unstoppable bleeding to a halt in haemophilia patients. However, Sole's findings, which were confirmed by independent researchers, were forgotten. It was only a few years ago that the team led by Johannes Thaler, Cihan Ay and Rienk Nieuwland revived this historical research. The scientists were able to prove that the coagulation-promoting properties of maternal milk, amniotic fluid, urine -- and now also saliva -- are due to the presence of extracellular vesicles with extrinsic tenase complexes.

The results provide important insights into the mechanisms of coagulation and contribute to a better understanding of haemophilia A. "At the same time, they show that it can be very rewarding to re-evaluate historical scientific work in order to develop innovative approaches for research and potentially also for the targeted treatment of patients," says Johannes Thaler about the significance of the findings.
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Hearing impairment may be a sign of increased risk of Parkinson's disease | ScienceDaily
There may be a link between hearing impairment and an increased risk of developing Parkinson's according to research led by Lancaster University.


						
This is one of the first studies to examine whether sensory impairments, such as hearing loss, might increase the risk for Parkinson's or serve as an early warning sign.

Parkinson's UK reports that an estimated 153,000 people in the UK currently live with Parkinson's, which is the fastest-growing neurological condition in the world. It is estimated that 1 in 37 people in the UK will be diagnosed with Parkinson's in their lifetime.

The study entitled "Speech-in-noise hearing impairment is associated with increased risk of Parkinson's: A UK Biobank Analysis" is published in Parkinsonism and Related Disorders.

Researchers analysed data from the UK Biobank, a biomedical database containing data from half a million participants across the UK. They looked at data from 159,395 individuals who had previously undergone a hearing test measuring their ability to detect speech in noisy environments and had no history of Parkinson's at the time of the assessment.

Over an average follow-up period of 14.24 years, 810 participants were subsequently diagnosed with Parkinson's disease. The analysis revealed a 57% increased risk of Parkinson's for every 10-decibel increase in baseline hearing impairment.

Dr Megan Readman, ESRC Post Doctoral Research Fellow from Lancaster University's Department of Psychology, led the study.




She said: "These findings are incredibly important; first, this is one of the first studies to look at how hearing impairments may increase risk for Parkinson's or be an early warning sign of Parkinson's.

"Secondly, as our findings suggest, hearing loss is intricately related to Parkinson's so it may be beneficial for auditory functioning and the management of auditory impairment to be considered at the time of diagnosis and follow-up care."

However, Dr Readman stressed that it is not clear if the link between Parkinson's and hearing loss is causal or if there is simply a correlation.

"We do not know whether hearing loss can cause Parkinson's, or if there is a common underlying cause for both conditions."

The other authors included Yang Wang and Fang Wan, Sally Linkenauger, Trevor Crawford and Christopher Plack plus Ian Fairman who has Parkinson's and hearing impairment.

Professor Plack said: "It is increasingly clear that hearing loss is not an isolated condition but is associated with several other disorders. Understanding these links is vital if we are to provide effective patient care, improving independence and quality of life for the individuals concerned."

By identifying factors that might contribute to its onset, such as hearing impairment, researchers hope to pave the way for new strategies in prevention and care.

Dr Readman said: "Our findings suggest hearing impairment is intricately related to Parkinson's and underscore the potential benefits of addressing auditory function in Parkinson's diagnosis and follow-up care."

Professor Trevor Crawford said: "This important study is the latest discovery in a decade-long series of research on neurodegenerative disorders, conducted by our team at Lancaster University in collaboration with colleagues across the UK."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250114125250.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Genetic tweak optimizes drug-making cells by blocking buildup of toxic byproduct | ScienceDaily
An international team of researchers led by the University of California San Diego has developed a new strategy to enhance pharmaceutical production in Chinese hamster ovary (CHO) cells, which are commonly used to manufacture protein-based drugs for treating cancer, autoimmune diseases and much more. By knocking out a gene circuit responsible for producing lactic acid -- a metabolite that makes the cells' environment toxic -- researchers eliminate a primary hurdle in developing cells that can produce higher amounts of pharmaceuticals like Herceptin and Rituximab, without compromising their growth or energy production.


						
The research, published on Jan. 14 in Nature Metabolism, also challenges long-held assumptions about the necessity of lactic acid metabolism in cell survival.

CHO cells have become essential tools in modern medicine, serving as the "living factories" that produce more than half of today's top-selling protein-based drugs, including therapies for cancer, autoimmune diseases and more. But despite their success, they have one main flaw: low protein yield. CHO cells don't always produce enough of the desired drugs to meet demand, which makes these pharmaceuticals more costly.

Now, researchers have developed an approach that promises to improve the yields of CHO cells in drug production. The approach targets a key metabolic process: the secretion of lactic acid.

During protein production, CHO cells release lactic acid as a byproduct of their metabolism. The more active they are, the more lactic acid they produce. "As we grow cells to produce more drugs, lactic acid builds up and kills the cells, thus reducing the yields of life-saving drugs while driving up manufacturing costs," said study senior author Nathan Lewis, who led the study while serving as a professor in the Shu Chien-Gene Lay Department of Bioengineering and Department of Pediatrics at UC San Diego (now at the University of Georgia).

Efforts to stop lactic acid production have so far focused on inhibiting the enzyme responsible for this process, lactate dehydrogenase. But these efforts have been unsuccessful, as lactate dehydrogenase is essential for cell survival. "If you try to remove it or block it, the cells die," said Lewis. "This has been demonstrated in multiple studies."

In the new study, Lewis and colleagues, co-led by UC San Diego bioengineering Ph.D. alumnus Hooman Hefzi (now a professor at Technical University of Denmark), took a different approach. Instead of focusing on lactate dehydrogenase itself, they mapped out a network of genes -- five in CHO cells and six in human cells -- that work together to control lactic acid production. The researchers hypothesized that this gene circuit was responsible for the cells' overproduction of lactate.




When the researchers knocked out this gene circuit, the CHO cells stopped producing lactic acid. Moreover, the cells demonstrated improved growth and, compared to similarly treated controls, produced significantly higher yields of protein-based drugs such as Herceptin and Rituximab, which are used to treat breast cancer and lymphoma, respectively. The modified CHO cells also successfully produced a variety of other therapeutic proteins, including Enbrel, a treatment for rheumatoid arthritis and psoriasis, and erythropoietin, which stimulates red blood cell production.

Challenging the Warburg effect

This work also sheds light on a key biological process known as the Warburg effect. First observed in cancer cells by German scientist Otto Warburg 100 years ago, the Warburg effect refers to a metabolic shift that causes cells to overproduce lactic acid. This process has long been thought to be critical for cell proliferation and energy production.

Yet, the new research challenges that notion. By eliminating the Warburg effect in CHO cells, researchers found that the cells maintained normal growth rates and energy output. This suggests that the Warburg effect may not be as essential as previously hypothesized.

The researchers note that these newly engineered "Warburg-null" CHO cells are also compatible with industrial cell line development processes. That means these cells could easily be integrated into real-world drug production, which could be a game-changer for biomanufacturing.

The team has discovered additional tweaks that further boost the CHO cells' productivity, and are continuing to study their implications on the entire drug manufacturing process.

"Our work has the potential to make drug production far more efficient, which could significantly lower manufacturing costs," said Lewis. "By improving the productivity of these cells, we're taking an important step toward making life-saving therapies, like cancer treatments and gene therapies, more affordable and accessible to patients worldwide."
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SCP-Nano: A new technology to visualize nanocarriers in cells and tissues | ScienceDaily
How can we ensure that life-saving drugs or genetic therapies reach their intended target cells without causing harmful side effects? Researchers at Helmholtz Munich, Ludwig-Maximilians-Universitat (LMU) and Technical University Munich (TUM) have taken an important step to answer this question. They have developed a method that, for the first time, enables the precise detection of nanocarriers -- tiny transport vehicles -- throughout the entire mouse body at a single-cell level. This innovation, called "Single-Cell Profiling of Nanocarriers" or short "SCP-Nano," combines advanced imaging with artificial intelligence to provide unparalleled insights into the functionality of nanotechnology-based therapies. The results, published in Nature Biotechnology, pave the way for safer and more effective treatments, including mRNA vaccines and gene therapies.


						
The Role of Nanocarriers in Modern Medicine

Nanocarriers will play a central role in the next wave of life-saving medicines. They enable the targeted delivery of drugs, genes, or proteins to cells within patients. With SCP-Nano, researchers can analyze the distribution of extremely low doses of nanocarriers throughout the entire mouse body, visualizing each cell that has taken them up. SCP-Nano combines optical tissue clearing, light-sheet microscopy imaging, and deep-learning algorithms. First, whole mouse bodies are made transparent. After the three-dimensional imaging of whole mouse bodies, nanocarriers within the transparent tissues can then be identified down to the single-cell level. By integrating AI-based analysis, researchers can quantify which cells and tissues are interacting with the nanocarriers and precisely where this occurs.

Practical Applications of SCP-Nano

Examples of nanocarriers analyzed by Ali Erturk, the director of the Institute for Intelligent Biotechnologies (iBIO) at Helmholtz Munich, and his team using SCP-Nano include lipid nanoparticles (LNPs), DNA origami structures and adeno-associated viruses (AAVs). These nanocarriers are essential for modern therapeutics that address diseases at their cellular roots, each possessing unique properties that make them suitable for different applications. DNA origami structures are easily programmable and AAVs are highly efficient carriers for gene therapy. The LNPs facilitate RNA delivery, which underlies modern mRNA vaccines and a broad range of other RNA therapeutics. Using SCP-Nano, the researchers demonstrated that DNA origami structures can be preferentially targeted to the immune cells, while AAV variants target distinct brain regions and adipose tissue. Importantly, the platform also revealed that lipid nanoparticles carrying mRNA therapeutics can accumulate in heart tissue. Thus, using SCP-Nano researchers can now detect potentially problematic off-target tissues and associated toxicities before they enter clinical trials, paving the way for the development of safer mRNA therapeutics.

Visualizing Nanocarriers with Unprecedented Precision

"With SCP-Nano, we can detect nanocarriers throughout the body in incredibly low doses, down to 0.0005 mg/kg," says the study's first author, Dr. Jie Luo. "This gives us an entirely new perspective on how these tiny transport vehicles interact with organs and cells." Luo emphasizes that it is especially important that SCP-Nano can identify unwanted accumulation in the heart or liver.




The mechanism of nanocarriers is comparable to a parcel delivery service, Erturk explains: "Each nanocarrier is like a package carrying an important payload that must be delivered to the exact right apartment, not just the one next door. SCP-Nano allows us to track exactly where these packages are delivered, whether they reach their precise intended destination, or if they accidentally end up in unwanted locations."

Driving Innovation in Personalized Medicine

SCP-Nano allows researchers to precisely identify where nanocarriers accumulate and to visualize their interactions with target cells- a key requirement for safe and effective nanocarrier applications. "SCP-Nano will not only help assess the safety of existing nanocarriers but also drive the development of new, highly targeted applications," says Luo. "The platform can also help to monitor the success of mRNA therapies or detect potential side effects early."

A New Era for Drug Development and Personalized Therapies

By combining cutting-edge imaging and AI technologies, SCP-Nano offers researchers and clinicians a new level of understanding of how therapies interact with the body and can easily be extended to human tissues and organs. "Precision medicine and targeted delivery are often discussed, but scalable and effective tools for this have been limited. This new approach offers a solution to a key challenge in drug development," concludes Prof. Erturk.

With its potential to minimize side effects and enhance treatment precision, SCP-Nano marks an important step toward safer and more effective therapies in fields like cancer treatment, gene therapy, and vaccine development. This innovation not only addresses major challenges in the development of nanocarrier-based technologies but also drives the future of precision medicine.
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Hepatitis E vaccination is effective in an epidemic | ScienceDaily
Hepatitis E, a potentially serious viral liver disease, is transmitted through contaminated water. The risk is particularly high in populations with limited access to safe water and sanitation. In South Sudan, outbreaks have regularly ravaged camps for internally displaced persons and their host populations. Although a vaccine has been available since 2011, its 3-dose regimen makes it difficult to administer in such a context. A team from Medecins Sans Frontieres (MSF), MSF Epicentre, Johns Hopkins University (JHU), the South Sudanese Ministry of Health, the World Health Organization (WHO), the University of Geneva (UNIGE) and the Geneva University Hospitals (HUG) conducted clinical and lab studies after a vaccination campaign to assess its effectiveness in protecting individuals and helping to control the epidemic. Their results showed that the vaccine was effective with just the first two doses. These results can be read in the Lancet Infectious Diseases.


						
Hepatitis E is a viral infection that is particularly dangerous for pregnant women and people with chronic illnesses, with a mortality rate of up to 10-50 %. ''Symptoms of hepatitis E are similar to other diseases that cause acute jaundice, making it difficult to detect. While we don't have precise estimates of the global burden, some have put it at around 50,000 deaths a year,'' explains Andrew Azman, epidemiologist at the UNIGE-HUG Centre for Emerging Viral Diseases, MSF and JHU, who led this research. ''The Bentiu camp in South Sudan, home to more than 100,000 people who have been displaced due to civil war, is a regular victim of hepatitis E and other waterborne disease outbreaks, likely due to the poor sanitation conditions and frequent flooding."

The Hecolin vaccine, developed in China and licensed in some countries since 2011, has been recommended as a potential tool in outbreaks by the WHO. However, until this use in an outbreak, it had only been used in the context of controlled clinical trials and travel medicine in China. ''That's why it was essential to study the vaccine's effectiveness on other populations and in regions where the type of virus circulating is different from China, as well as the logistical feasibility of such a campaign,'' adds Isabella Eckerle, Professor at the Faculty of Medicine and Director of the UNIGE-HUG Centre for Emerging Viral Diseases. ''In particular, it was important to understand its effectiveness after just two doses, whereas it is usually administered in three doses 6 months apart.''

An original research partnership

The Centre for Emerging Viral Diseases, a specialist centre run jointly by the HUG and the UNIGE Faculty of Medicine, provided scientific support to the MSF field teams in charge of the clinical aspect of the study. ''The vaccination campaign targeted individuals aged 16 years and took place in three rounds, in March, April and October 2022,'' explains Iza Ciglenecki, Operational research coordinator at MSF Switzerland. ''Our study then compared the vaccination status of 201 patients testing positive for hepatitis E between May and December 2022 with that of others in their neighbourhood presenting no symptoms. Despite fewer hepatitis E cases than expected after vaccination, our study revealed that two doses of vaccine was effective, an excellent result given the particular context of a camp for displaced people.''

The samples were then sent to the laboratories of the Centre for Emerging Viral Diseases to determine the biological characteristics of the virus and immune responses. ''These laboratory data, which were challenging to carry out on site, not only demonstrated the protection induced by the vaccine, but also enabled us to better understand transmission and the performance of diagnostic tests, which can help us design better outbreak responses in the future,'' emphasises Isabella Eckerle. ''This project represents a rewarding synergy between MSF's operational expertise and our own in translational research and diagnostic excellence!''.

A global stockpile created by the WHO

The study therefore confirms the protection provided by two doses of this vaccine, even during an epidemic, and the reduction in the incidence of the disease. ''Our results combined with others helped lead to recent approval by WHO's International Coordinating Group (ICG) on Vaccine Provision of a stockpile of hepatitis E vaccines for emergencies. This stockpile has the potential to save many lives and we're looking forward to seeing it in action. These results have also already contributed to the WHO recommendations on the use of a two-dose schedule," concludes Andrew Azman.
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Scientists uncover rapid-acting, low-side-effect antidepressant target | ScienceDaily
Depression continues to grapple a large proportion of the population. Given the side effects associated with the long-term use of conventional antidepressants, there is a need for novel rapid acting therapeutics with minimal side effects. Researchers from Tokyo University of Science have previously demonstrated antidepressant-like effects of delta opioid receptor agonists in rodents. In their latest study, they uncover the molecular and cellular mechanism underlying its action that can advance its therapeutic development.


						
The global burden of anxiety- and depression-related disorders is on the rise. While multiple drugs have been developed to treat these conditions, current medications have several limitations, including slow action and adverse effects with long-term use. This underscores the urgent need for novel, rapidly-acting therapeutic agents with minimal side effects.

The delta opioid receptor (DOP) plays a key role in mood regulation, making it a promising target for therapeutic intervention. Studies have shown that selective DOP agonists (compounds that activate DOP), such as SNC80 and KNT-127, exert antidepressant and anxiolytic effects (anti-anxiety) in animal models. However, the precise molecular mechanisms underlying their actions remain unclear. Understanding the neurological mechanisms that underpin mood regulation and DOP action is crucial for advancing DOP agonists as therapeutic agents.

To this end, Professor Akiyoshi Saitoh and Mr. Toshinori Yoshioka from Tokyo University of Science (TUS), Japan, conducted a series of experiments to elucidate the cellular and molecular processes contributing to the antidepressant-like effects of KNT-127. Providing further insight into their work published online on December 6, 2024 in Molecular Psychiatry, Prof. Saitoh says, "Combining the results of this study with our previous findings, we believe that DOP agonists have an unprecedented mechanism of action and have the potential to revolutionize depression treatment with superior efficacy and safety compared to existing drugs."

In their previous work, the researchers conducted the forced swimming test (FST), which is known to induce depression-like helplessness behavior in untested mice, to investigate whether KNT-127 produces antidepressant-like effects. They compared the response of animals treated with KNT-127 and controls. Notably, a single injection of KNT-127, 30 minutes prior to the test, significantly reduced immobility count, reflecting an antidepressant-like effect mediated by DOP stimulation.

The mechanistic (or mammalian) target of rapamycin (mTOR) signaling pathway, implicated in rapid antidepressant effects, was investigated for its role in KNT-127's action. The researchers injected the mice with rapamycin -- an mTOR inhibitor -- prior to KNT-127 treatment.Indeed, rapamycin reversed the KNT-127-induced decrease in the FST immobility count, indicating that the antidepressant-like effects of KNT-127 were mediated by mTOR signaling.

Next, researchers analyzed the mTOR signaling-related protein activation in brain regions associated with mood disorders and mapped distinct phosphorylation patterns in the medial prefrontal cortex (mPFC), amygdala, and hippocampus. The experiments revealed that the antidepressant-like effects were primarily mediated by Akt signaling in the mPFC, while the anxiolytic effects were associated with activation of the amygdala through ERK signaling.




Further studies in a mouse model of depression revealed that when KNT-127 was locally injected into the medial prefrontal infralimbic cortex region (IL-PFC), an anti-depressive effect was produced through the PI3K and mTOR pathway. The IL-PFC in rodents is considered functionally similar to Brodmann Area 25 in humans, which is associated with mood regulation. Further, the antidepressant-like effects of KNT-127 were independent of the strain, sex, or age of the animals, and another DOP agonist, SNC80, also exhibited antidepressant-like effects, highlighting the broad therapeutic potential of DOP agonists.

Additionally, KNT-127's application to isolated IL-PFC brain tissue enhanced glutamatergic transmission by suppressing the release of gamma-aminobutyric acid (GABA -- a key neurotransmitter), further supporting the direct action of DOPs on the IL-PFC. The study identified that most DOPs were expressed in parvalbumin-positive interneurons in the IL-PFC, offering new insights into the cell-specific expression of DOP in distinct brain regions, thereby expanding our understanding of its mechanisms.

Prof. Saitoh concludes with the clinical implications of their work by saying "Our results provide a proof of mechanism underlying the antidepressant effect of DOP and can significantly boost the clinical development of DOP agonists as therapeutics. Moreover, the IL-PFC is the region involved in resistance to treatment with conventional antidepressants. DOP agonists may, therefore, be more effective in patients who show resistance to existing therapies."

We hope these findings translate into an effective treatment for those battling depression.
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Residents of unburned homes reported health symptoms months after Marshall Fire | ScienceDaily
Wildfires that burn homes and vehicles could expose people to dangerous airborne compounds through ash and smoke. Research published in ACS ES&T Air has shown that people returning to their unburned homes may also experience health symptoms months after a nearby fire is extinguished. Through a survey of people affected by the 2021 Marshall Fire in Boulder, Colorado, researchers found that headaches, sore throats and coughs were frequently self-reported by residents living near burned structures.


						
Wildland-urban interface fires, like the Marshall Fire and the fires in early 2025 across Los Angeles, burn both natural vegetation and human-made materials. Polycyclic aromatic hydrocarbons (PAHs) and volatile organic compounds (VOCs) are emitted at higher levels from human-made materials than natural biomass when burned. Exposure to these airborne compounds has been linked to negative health outcomes, including lung and cardiovascular diseases, according to the World Health Organization. After the Marshall Fire, researchers from the nearby University of Colorado, Boulder, found elevated levels of PAHs and VOCs in unburnt homes damaged by smoke, but they didn't investigate what negative health outcomes might have been caused by exposure to these compounds. So, another CU Boulder team, led by Colleen Reid, designed and launched a survey to understand the potential symptoms experienced by residents.

The survey was conducted twice, once at 6 months after the fire (642 respondents) and again at 1 year (413 respondents), among participants whose homes remained intact. The researchers asked participants about post-fire smoke impacts and health symptoms. They found that:
    	The most common fire-related symptoms were itchy or watery eyes, headaches, dry coughs, sneezing and sore throats.
    	61% of respondents reported campfire- or chemical-like smells in their homes 1 week after the fire, but those smells dissipated over time.
    	65% of respondents reported ash in their homes post-fire.
    	Most respondents were less confident in the air quality of their home and neighborhood 6 months post-fire than pre-fire, but most of that confidence was restored by the 1-year mark.

The team found that many self-reported symptoms (headaches, strange taste in the mouth) clustered together for residents whose homes were within 250 meters of a burned structure. In addition, dry coughs, itchy/watery eyes and sneezing were statistically associated with a change in the home's smell post-fire and/or finding smoke damage or ash inside. In fact, respondents who found visible ash in their home were over three times more likely to report headaches than people who didn't. Many participants said that cleaning their homes or HVAC systems, hiring cleaning companies, or replacing affected furniture or carpets helped reduce the smell over time. Researchers hope their findings will inform future regulations and guidelines on how to return home safely after a wildfire.

The authors acknowledge funding from the National Science Foundation, the Cooperative Institute for Research in Environmental Sciences (CIRES) Rapid Innovation Research Program at the University of Colorado, Boulder, the Harvard JPB Environmental Health Fellowship, and the Developmental Core of the University of Colorado Population Center.
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New innovative local treatment for osteolytic bone disease in multiple myeloma | ScienceDaily
The team tackled a critical challenge in treating multiple myeloma -- a blood cancer where malignant plasma cells accumulate in bone marrow, leading to debilitating bone lesions in 80% of patients. These lesions cause severe pain and fractures that often fail to heal, and within, a vicious cycle takes place that supports tumor survival and regrowth.


						
"Through our multidisciplinary effort, we aimed to develop advanced bone repair materials capable of mimicking the stability of healthy trabecular bone while promoting bone healing by reducing the activity of bone-resorbing cells (osteoclasts) and enhancing bone-building cell (osteoblast) function, and which at the same time can deliver localized drug treatments to suppress tumor activity and support bone regeneration." Professor Dirk Hose of TORC said.

The result of their efforts is "sicXer," a so called "mesoporous silica-collagen xerogel" engineered to closely resemble mineralized collagen, the structural foundation of bone. Leveraging innovative silica-based mineralization inspired by marine glass sponge spicules, the team tailored the mechanical properties and degradation kinetics of sicXer to closely match human bone.

"Building on sicXer, we developed "boXer," a drug-loaded version of the material. BoXer incorporates the anti-myeloma drug bortezomib, an agent known to stimulate net bone formation while effectively killing tumor cells. BoXer releases this "payload" locally at the site of bone lesions, offering a dual therapeutic benefit -- bone regeneration and localized myeloma control." Dr. Anja Seckinger of TORC adds.

In their forthcoming paper, the researchers demonstrate boXer's ability to stimulate bone formation in preclinical models of healthy and diseased bone. They also managed to suppress myeloma cells, including those resistant to systemic bortezomib treatment. The results show promising potential for stabilization and healing of fracture-prone bone lesions.

The research team envisions sicXer and boXer as components of a novel combined systemic and local treatment strategy for multiple myeloma. Beyond oncology, these materials may have applications in non-malignant diseases involving bone degeneration or fractures.

"This innovation addresses a significant unmet need in multiple myeloma treatment by combining structural bone repair with targeted tumor control. We are eager to move towards clinical testing to realize the potential of sicXer and boXer in improving patient outcomes." Professor Hose concludes.
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New computer models open door to far more targeted antibiotics | ScienceDaily
With antibiotic resistance a growing problem, University of Virginia School of Medicine researchers have developed cutting-edge computer models that could give the disease-fighting drugs a laser-like precision to target only specific bacteria in specific parts of the body.


						
As it stands, antibiotics kill bacteria indiscriminately. Because the drugs are used so widely, increasing numbers of dangerous bugs are growing resistant, threatening one of modern medicine's most important weapons against disease.

UVA's new approach, on the other hand, would dramatically limit how often bacteria are exposed to antibiotics, reducing the chance they could become resistant to antibiotics. Further, the approach would represent a significant step forward for precision medicine, allowing doctors to better tailor treatments to individual patients' needs. Instead of taking an antibiotic that kills bacteria regardless of whether helpful or harmful, patients could be given antibiotics that target specific bacteria causing a specific problem in a specific area of the body.

"Many biomedical challenges are incredibly complex, and computer models are emerging as a powerful tool for tackling such problems," said researcher Jason Papin, PhD, of UVA's Department of Biomedical Engineering. "We're hopeful that these computer models of the molecular networks in bacteria will help us develop new strategies to treat infections."

More Targeted Antibiotics

UVA's new approach was made possible by a herculean effort by Papin, PhD student Emma Glass and their collaborators. Working with Andrew Warren, PhD, of UVA's Biocomplexity Institute, the researchers in Papin's lab developed sophisticated computer models of every human bacterial pathogen with sufficient genetic information available.

Glass then analyzed all those models and identified shared traits among the bacteria. This analysis yielded the discovery that bacteria in certain parts of the body, such as the stomach, tended to share metabolic properties. Basically, where they live shapes how they function.




"Using our computer models we found that the bacteria living in the stomach had unique properties," Glass said. "These properties can be used to guide design of targeted antibiotics, which could hopefully one day slow the emergence of resistant infections."

The shared similarities among the microbes in different locales could be the Achilles' heel for harmful bacteria in our bodies. With further research, doctors may be able to target specific types of bacteria in specific areas, reducing the need for broad-spectrum antibiotics.

Putting their computer-modeling approach to the test, Papin and his team have already found that they could inhibit the growth of harmful stomach bugs in lab experiments. That's a promising sign for the future potential of their computer-modeling approach.

"We still have much to do to test these ideas for other bacteria and types of infections," Papin said. "but this work shows the incredible promise of data science and computer modeling for tackling some of the most important problems in biomedical research."
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AI innovation unlocks non-surgical way to detect brain cancer spread | ScienceDaily
Researchers have developed an artificial intelligence (AI) model to detect the spread of metastatic brain cancer using MRI scans, offering insights into patients' cancer without aggressive surgery.


						
The proof-of-concept study, co-led by McGill University researchers Dr. Matthew Dankner and Dr. Reza Forghani, alongside an international team of clinicians and scientists, demonstrated the AI model can detect the presence of cancer cells in surrounding brain tissue with 85-per-cent accuracy.

Researchers tested the model using MRI scans from over 130 patients who had surgery to remove brain metastases at The Neuro (Montreal Neurological Institute-Hospital). They validated the AI's accuracy by comparing its results to what doctors observed in the tumour tissue under a microscope.

Brain metastases, the most common type of brain cancer, occur when cancer cells from other parts of the body spread to the brain. These tumours can be particularly aggressive when invasive cancer cells grow into surrounding healthy brain tissue, making them harder to treat.

"Our previous research found that invasive brain metastases are linked to shorter survival and a higher risk of tumour regrowth. These findings demonstrate the enormous potential of machine learning to soon improve our understanding of cancer and its treatment," said Dankner, an Internal Medicine Resident at McGill and post-doctoral researcher at the Rosalind & Morris Goodman Cancer Institute.

AI detects subtle cancer clues

The AI model detects subtle changes in the surrounding brain tissue that indicate cancer has spread, spotting patterns often too faint for traditional imaging methods that rely on human interpretation. It was developed by Forghani's lab during his time at the Research Institute of the McGill University Health Centre and the University of Florida College of Medicine.

Earlier this year, the researchers identified drugs that could potentially treat some brain metastases. However, to determine which patients may ultimately benefit from this approach, doctors need to know whether the cancer has spread into the surrounding tissue. Surgery is the most common solution, but it isn't always an option for patients, especially if their tumours are hard to reach or their health makes surgery too risky.




"With further development, our AI model could become a part of clinical practice, which can help us catch cancer spread within the brain earlier and more accurately," said Dr. Benjamin Rehany, a Radiology Resident at the University of Toronto and one of the primary authors of the publication.

While their work is still in the early stages, the researchers plan to expand the study with larger datasets and refine the AI model for clinical use.

The research was supported by the Canadian Cancer Society, the Canadian Institutes of Health Research, the Brain Canada Foundation, Health Canada, Fonds de recherche du Quebec -- Sante, and the Fondation de l'Association des radiologistes du Quebec.
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New mechanism for maintaining genome stability discovered | ScienceDaily
Genetically speaking, it's a bacterium's worst-case scenario: during transcription, newly minted RNA sticks to its DNA template, forming a 3-stranded structure known as an R-loop. While these structures have some important roles to play in a cell, R-loops in the wrong place at the wrong time can be disastrous, leading to DNA breaks, mutations, and cell death.


						
Now, new research in Nature Structural & Molecular Biology describes how the enzyme RapA prevents R-loop formation in E. coli, with far-reaching implications for how all cells maintain genomic stability. The findings demonstrate that, under certain circumstances, the RNA polymerase (RNAP) enzyme responsible for copying DNA into RNA can generate rampant R-loops -- if not for the intervention of a protein called RapA.

"R-loops are generally bad news, so cells have many redundant mechanisms to prevent them from forming," says Seth Darst, head of the Laboratory of Molecular Biophysics. "We discovered that RapA, a protein that we've been curious about for years, is one of those key mechanisms."

The jaws of life

All living things rely on RNAP to transcribe DNA into RNA. In bacteria, researchers have long known that transcription begins when RNAP clamps onto a DNA strand and initiates the process after receiving the green light from sigma proteins. But the details of how transcription ends are still fuzzy. New studies have shown, for instance, that RNAP often remains clamped to the DNA even after the newly finished RNA transcript is released -- why and how was poorly understood.

Back in the 1990s, the Darst lab had discovered RapA, a ATPase that clearly interacted with RNAP -- but with no obvious function. "At the time, we really couldn't figure out what RapA was doing," he says. But after a few decades, when a separate research group found that E. coli exposed to stressful, high-salt conditions could not grow without RapA, Darst's interest in the mysterious protein reignited.

His team set about using cryo-EM to examine how RNAP remains clamped to DNA after transcription termination, and how RapA interacts with it. They chose negatively supercoiled DNA -- an underwound and twisted form of the double helix -- because it better mimics the natural state of bacterial DNA than the linear DNA often used in structural studies. "Ours is one of the first studies to use negatively supercoiled DNA in a cryo-EM experiment," says first author Joshua Brewer, who designed the experiment. "This method helped us better visualize the topological state of the DNA, how the proteins rearrange themselves, and how they interact with the DNA."

They were surprised to find that RNAP seldom sits idly when it remains clamped to DNA after transcription is complete. Instead, it can initiate transcription again, this time without the normal safeguard of sigma proteins. In the absence of sigma, transcription initiation forms harmful R-loops unless RapA can intervene first, prying open the RNAP clamp. "RNAP is like a big claw that closes around DNA," Darst says. "RapA binds RNAP and pulls the clamp open so that it falls off the DNA before it can create R-loops."




Beyond bacteria

A clearer picture of RapA's role began to emerge. When the team subjected bacteria engineered without RapA to stressful, high-salt conditions, the microbes experienced genetic instability -- evidence that RNAP is more likely to remain clamped to DNA and more likely to form R-loops under certain circumstances.

They also learned that, while E. coli also possess Rho, a well-studied enzyme capable of pulling R-loops apart, Rho cannot fully compensate when RapA is absent. "When you knock out RapA, Rho has to work overtime," Brewer says. "It appears that RapA and Rho work as complementary -- not redundant -- safeguards for genome stability when E. coli are subject to high-salt stress."

The implications could be vast. Darst, Brewer, and colleagues suspect that RapA -- or something like it (an RNAP release factor, so to speak) -- exists not only in E. coli but in all bacteria and, perhaps, in all cells. Uncovering similar mechanisms in other organisms could inspire new strategies to target diseases linked to transcription-related genome instability.

"We predict that other enzymes likely serve similar functions across the tree of life," says Darst. "The more we learn about these mechanisms, the more we deepen our understanding of how cells safeguard their genomes."
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Genetic risks for age-related macular degeneration | ScienceDaily
Age-related macular degeneration (AMD), which affects about 200 million people worldwide and can result in legal blindness, impairs an area of the eye (retina) used for reading, driving and many other critical daily tasks.


						
A new study of large existing patient datasets indicates genetic and demographic factors that increase the risk for developing AMD.

In the study, recently published in Nature Genetics, a team of scientists worked with the Million Veteran Program (MVP) of the VA Office of Research and Development, a large biobank of veterans recruited at more than 60 U.S. Department of Veterans Affairs (VA) medical centers nationally, to examine demographic, lifestyle, clinical and genetic risk profiles for AMD.

Their study focusedon more than 287,000 veterans enrolled in MVP and integrated findings with results from several other independent biobanks to define the largest study of genetic risk for AMD and the first to include populations of diverse ancestry.

"An important aspect of our study is the inclusion of veterans of African or Hispanic ancestry in the MVP -- groups that have not been well-studied in prior genetic studies of AMD," said Sudha Iyengar, a professor and vice chair of research in the Department of Population and Quantitative Health Sciences at the Case Western Reserve University School of Medicine. "This diverse population is a unique resource to identify clues to develop therapeutics for AMD, a condition for which few effective treatments are available."

The collective human genome shared by all ancestral groups worldwide contains discrete signatures for higher AMD risk in those of European descent, compared to those of African or Hispanic ancestry.

"By increasing the size of the study population," Sudha said, "the research provided additional information to identify genetic markers with more modest but potentially important biological contributions to the likelihood that an individual will -- or won't -- develop AMD. The study also found an increased number of genes linked to AMD, from 34 that were identified previously, to 60."

They also confirmed earlier beliefs that a history of smoking or alcohol use increases the likelihood of developing AMD. Although about 90% of the MVP are male enrollees, the researchers were able to confirm prior observations that women are more susceptible to AMD than men.

Sudha co-led the research with the late Robert Igo Jr., Dana Crawford and Jessica Cooke Bailey at the School of Medicine. They collaborated with Neal Peachey, associate chief of staff for research of the VA Northeast Ohio Healthcare System and professor of ophthalmic research at Cleveland Clinic Cole Eye Institute. The work was supported by grants to Peachey from the VA Office of Research and Development.

The study involved scientists from several VA medical centers, including Bryan Gorman and Saiju Pyarajan (both from VA Boston Healthcare System), Christopher Halladay and Wun-Shieh Wu (both from Providence VA Medical Center) and Pannos Roussos and Georgios Vodulakis (both from Mt. Sinai and Bronx VA), "who played key roles in integrating data from multiple health systems, cohorts and data types to create new knowledge of AMD biology," Sudha said.
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Researchers uncover what drives aggressive bone cancer | ScienceDaily
Osteosarcoma is a type of aggressive bone cancer that most commonly affects children and young adults between the ages of 10 and 20, during times of rapid bone growth. Although rare, it has a significant impact on young people and their families as treatment can require surgery or amputation. The cancer also has the potential to spread to other organs, most commonly the lungs. Because osteosarcoma is so genomically complex, it has been challenging to identify what genetic mutations drive the disease. As a result, there has been little advancement in treatment options over the past 40 years.


						
New research, published in the journal Cell, solves the mystery of what drives the genomic rearrangements causing the aggressive development and evolution of osteosarcoma tumours. By analysing the largest collection of whole-genome data from osteosarcoma patients, the researchers identified a new mutation mechanism, called loss-translocation-amplification (LTA) chromothripsis, which is present in approximately 50% of high-grade osteosarcoma cases.

This finding explains the unique biology that makes this tumour type so aggressive and the high levels of genomic instability observed in osteosarcoma cancer cells. The study also presents a prognostic biomarker -- a biological characteristic of cancer cells that can help predict patient outcome -- that might be used to anticipate the likely course of the disease.

This work is a collaboration between researchers at EMBL's European Bioinformatics Institute (EMBL-EBI), University College London (UCL), the Royal National Orthopaedic Hospital, and the R&D laboratory of Genomics England.

"We've known for years that osteosarcoma cells have some of the most complex genomes seen in human cancers, but we couldn't explain the mechanisms behind this," said Isidro Cortes-Ciriano, Group Leader at EMBL-EBI and co-senior author of the study. "By studying the genetic abnormalities in different regions of each tumour and using new technologies that let us read long stretches of DNA, we've been able to understand how chromosomes break and rearrange, and how this impacts osteosarcoma disease progression."

Large-scale genomic analysis

This study analysed multiple regions from each osteosarcoma tumour using long-read sequencing. This approach was crucial in identifying the LTA chromothripsis mechanism and discovering that chromosomes rearranged in cancer cells continue to acquire additional abnormalities as cancer progresses. This helps tumours evade treatment.




The researchers also analysed whole-genome sequencing data from over 5,300 tumours from diverse cancer types. Through this broader analysis, the researchers identified that very complex chromosomal abnormalities in various cancers arise because chromosomes affected by chromothripsis are highly unstable. This finding has significant implications for the treatment of diverse cancer types, suggesting that the genomic instability of complex chromosomes seen in osteosarcoma progression is also relevant to other cancers.

"Our additional analysis of different tumour types has shown that chromosomes affected by complex genomic rearrangements are also common and unstable in other cancers," said Jose Espejo Valle-Inclan, co-first author of the study and former postdoctoral fellow at EMBL-EBI, currently Group Leader at the Botton-Champalimaud Pancreatic Cancer Centre. "This has a huge impact on our overall understanding of cancer development, highlighting the importance of investing in studies that explore these mechanisms."

United efforts

This research used data from the 100,000 Genomes Project, a pioneering study led by Genomics England and NHS England that sequenced whole genomes from NHS patients affected by rare conditions or cancer. By analysing genomic data from a large cohort of osteosarcoma patients, the researchers uncovered the prevalence of LTA chromothripsis in approximately 50% of both paediatric and adult high-grade osteosarcomas. However, it very rarely occurs in other cancer types, thus highlighting the need for large-scale analysis of rare cancers to identify the distinct mutations that underpin their evolution.

"These discoveries go a long way towards improving our understanding of what drives the progression of this aggressive type of bone cancer and how it may develop in a patient," said Greg Elgar, Director of Sequencing R&D at Genomics England. "The new insights could, with time, lead to better treatment options and outcomes for patients through more targeted care. The research shows what can be achieved when academia, clinical practice, and the NHS work together and combine research and development efforts across these three streams."

Predicting prognosis

Predicting the prognosis -- the likely course of the disease -- for osteosarcoma patients remains a major unmet need. As part of this study, the team also presented a novel prognostic biomarker for osteosarcoma: loss of heterozygosity (LOH). LOH occurs when one copy of a genomic region is lost. In osteosarcoma, a high degree of LOH across the genome predicts a lower survival probability.

"This biomarker could help us identify patients who are unlikely to benefit from treatment which can have very unpleasant effects and which patients find difficult to tolerate," said Adrienne Flanagan, Professor at UCL, Consultant Histopathologist at RNOH, and co-senior author of the study. "This is invaluable for providing patients with more tailored treatments and help spare unnecessary effects of toxic therapies."
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Just as Gouda: Improving the quality of cheese alternatives | ScienceDaily
Plant-based dairy products are a great alternative for people who avoid animal products, but manufacturers have a hard time replicating the creamy, cheesy qualities that make dairy so indulgent.


						
Scientists from the University of Guelph in Ontario and Canadian Light Source Inc. in Saskatchewan are working to produce plant-based cheese with all the characteristics of real cheese, but with better health benefits.

In Physics of Fluids, by AIP Publishing, researchers studied multiple types of plant-based proteins and how they interact with alternative cheese scaffolds.

"If you wanted to strictly only eat plant-based products, you would end up eating a lot of beans and tofu, which can be little bit boring after a while," said author Alejandro Marangoni. "Now, consumers expect essentially the same animal product but with plant-based ingredients, which is very difficult."

To create a cheesy product with the same texture as the real thing, scientists need to study a variety of physical attributes such as the melting, stretching, and oil-release upon grilling and heating.

"The behavior of milk proteins and meat proteins is reasonably well understood, but knowledge about the functionality of plant proteins is lacking," Marangoni said. "There is also a huge variety of different plant proteins, each one very different from one another."

Previous research concluded that a blend of 25% coconut oil, 75% sunflower oil, and pea protein created a desirable cheese texture. In this research, Marangoni and his team studied isolates from three proteins (lentil protein, faba bean protein, and a particular type of pea protein) and observed how the isolates interacted with the oil and with the starch matrix of the cheese alternative.

They found that increasing the coconut oil increased the hardness of cheeses, but cheese with pea protein and 25% coconut oil had the firmest texture due to their unique protein-fat interactions. This formulation matched or surpassed the melt, oil loss, and stretch of the cheese analogs made with 100% coconut oil.

Using a blend of sunflower and coconut oil decreased the saturated fat content of the cheese, creating a healthy and sustainable alternative to dairy cheeses and other plant-based cheeses.

"Ultimately we want to improve the nutrition, increase the protein content, and lower the saturated fat content of cheese alternatives," Marangoni said. "But keeping all the functionality in there, which includes the melt and the stretch of the 'cheese,' is very difficult."
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Uncurling a single DNA molecule and gluing it down helps sharpen images | ScienceDaily
Most microscopes can only illuminate objects down to a certain size before tiny features blur together. This blurring is known as the diffraction limit of light. Super-resolution imaging techniques, however, can distinguish between tiny biomolecular features, especially when thermal fluctuations are minimized.


						
Using advanced imaging techniques and precise microfluidics control to stretch out curly DNA into a straight line, research published this week in AIP Advances, from AIP Publishing, demonstrates techniques for stretching and immobilizing DNA with minimum thermal fluctuation to enable detailed analysis.

"Immobilizing the molecule essentially 'glues' it to a substrate, preventing any movement caused by thermal fluctuations," author Naoki Azuma said. "Super-resolution imaging often requires just seconds or minutes to capture the image. During this time, thermal fluctuations -- random vibrations caused by the molecule's thermal energy -- result in blurry images and decreased lateral resolution."

Researchers have previously tried sticking down one end of a DNA molecule to stretch it out, but found that the thermal fluctuations could still cause movement and blurring.

"Stretching DNA refers to the process of stretching a single DNA molecule, which is originally coiled in a random coil, into a straight line," Azuma said. "The length and structure of a single DNA molecule, its specific base sequence, and its interactions with proteins must be observed by stretching it for detailed analysis."

Azuma and his colleagues at Nagoya University experimented with ways to uncurl a DNA molecule using pressure applied to liquid flowing in a channel, with the pressure flow providing shear force that uncurled the DNA molecule. They found that controlling the flow velocity of the liquid helps fine-tune the shear force applied and allows precise adjustments of the stretch ratio of the DNA.

Controlling the stretch ratio was a key factor for accurate analysis. In the process, they also used a specialized chemical that creates chemical bonds between the DNA and a glass substrate to "glue" the DNA molecule in place.

"While it is not yet possible to directly visualize individual base pairs, these methods enable much higher precision in observing molecular-scale structures," Azuma said. "We aim to refine these methods to achieve higher fidelity in stretching and immobilizing DNA molecules for more accurate analysis."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250114124802.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Global study pinpoints genes for depression across ethnicities | ScienceDaily
New genetic risk factors for depression have been identified across all major global populations for the first time, allowing scientists to predict risk of depression regardless of ethnicity.


						
The world's largest and most diverse genetic study ever into major depression has revealed nearly 300 previously unknown genetic links to the condition, experts say.

100 of the newly discovered genetic variations -- small differences in the DNA sequence that makes up a gene -- were identified due to the inclusion of people of African, East Asian, Hispanic and South Asian descent, the study found.

Previous research into the genetics of depression has focused primarily on white populations that originally descended from people living in Europe. Therapies developed using genetic approaches may therefore not be effective in other ethnicities, widening existing health inequalities.

Each single genetic variant has a very small effect on the overall risk of developing depression. If a person has multiple variants, these small effects can add up, increasing their risk.

The research team were able to more accurately predict an individual's risk of depression by taking into account the newly identified variants.

The international team of scientists, led by the University of Edinburgh and King's College London, looked at anonymised genetic data from more than five million people in 29 countries worldwide. One in four individuals included in the study were from non-European ancestries.




Researchers identified a total of 700 variations in the genetic code of individuals linked to the development of depression, almost half of which had never been associated with the condition before, implicating 308 specific genes.

The identified genetic variants were linked to neurons -- a type of brain cell -- across multiple brain regions, including areas which control emotion.

The findings offer new insight into depression's impact on the brain and present possible new targets for treatment, experts say.

The research team highlight the existing drugs pregabalin and modafinil -- used to treat chronic pain and the sleeping condition narcolepsy, respectively -- which could potentially be repurposed for the treatment of depression, based on the study findings.

However, the team caution that further studies and clinical trials are needed to explore the potential of the drugs in patients with depression.

The study, funded by NIH, Wellcome and the National Institute for Health and Care Research Maudsley Biomedical Research Centre, is published in the journal Cell.




The research team from the Psychiatric Genomics Consortium involved scientists from all continents, including studies from South Africa, Brazil, Mexico, the USA, Australia, Taiwan and China.

Professor Andrew McIntosh, study co-lead, from the University of Edinburgh's Centre for Clinical Brain Sciences, said: "There are huge gaps in our understanding of clinical depression that limit opportunities to improve outcomes for those affected. Larger and more globally representative studies are vital to provide the insights needed to develop new and better therapies, and prevent illness in those at higher risk of developing the condition."

Professor Cathryn Lewis, study co-lead, from the Institute of Psychiatry, Psychology & Neuroscience at King's College London, said: "Depression is a highly prevalent disorder and we still have a lot to learn about its biological underpinnings. Our study identifies hundreds of additional genetic variants that play a role in depression. These findings show depression is highly polygenic and open up downstream pathways to translate these findings into better care for people with depression."

For further information, please contact: Jess Conway, Press and PR Office, 07979 446 209, @ed.ac.uk" title="mailto:jess.conway@ed.ac.uk">jess.conway@ed.ac.uk
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New study identifies how blood vessel dysfunction can worsen chronic disease | ScienceDaily
Researchers at Oregon Health & Science University have uncovered how specialized cells surrounding small blood vessels, known as perivascular cells, contribute to blood vessel dysfunction in chronic diseases such as cancer, diabetes and fibrosis. The findings, published today in Science Advances, could change how these diseases are treated.


						
The study, led by Luiz Bertassoni, D.D.S., Ph.D., founding director of the Knight Cancer Precision Biofabrication Hub and a professor at the OHSU Knight Cancer Institute and the OHSU School of Dentistry, shows that perivascular cells sense changes in nearby tissues and send signals that disrupt blood vessel function, worsening disease progression.

Nearly a decade ago, Bertassoni and his team developed a method to 3D print blood vessels in the lab -- a breakthrough recognized as one of the top scientific discoveries of the year by Discover magazine. Since then, they've focused on engineering blood vessels that better mimic those in the human body to study more complex diseases.

"Historically, endothelial cells lining blood vessels have been considered the main contributors of vascular disease," Bertassoni said. "Our findings represent a paradigm shift, showing how perivascular cells, instead, act as important sentinels. They detect changes in tissues and coordinating vascular responses. This opens the door to entirely new treatment strategies."

Cristiane Miranda Franca, D.D.S., Ph.D., the study's lead author, is an assistant professor in the OHSU School of Dentistry and holds appointments with the OHSU Knight Cancer Precision Biofabrication Hub and Knight Cancer Institute's Cancer Early Detection Advanced Research Center, or CEDAR.

"The applications of this research are wide," she said. "We've shown for the first time how perivascular cells trigger inflammation and signal blood vessel changes when surrounding tissues are altered."

The study used an innovative "blood vessel on-a-chip" model developed by Christopher Chen, M.D., Ph.D., and his team from Boston University and the Wyss Institute at Harvard, who are collaborators on this project. By replicating conditions like tissue stiffening and scarring -- common in aging, chronic diseases and cancer -- the researchers discovered that perivascular cells drive blood vessel leakage and distortion, worsening inflammation and disease.




Learn more: OHSU Knight Cancer Institute offers the latest treatments, technologies, hundreds of research studies and clinical trials

"When we removed perivascular cells, blood vessels essentially failed to respond to tissue changes," Franca said.

The findings shed light on the relationship between the extracellular matrix, blood vessel function and disease progression. Perivascular cells could become targets for therapies aimed at restoring normal vascular function and reducing the progression of various diseases such as fibrosis, diabetes and cancer.

Importantly, the research also holds promise for cancer prevention and early intervention. Early detection and treatment of changes in these cells could help stop tumors before they grow.

"If we intervene early, we might prevent precancerous lesions from advancing to full-blown cancer," Bertassoni said. "This could revolutionize how we approach cancer prevention and treatment."

In addition to Bertassoni and Franca, OHSU co-authors include Maria Elisa Lima Verde, Ph.D., Alice Correa Silva-Sousa, D.D.S., Ph.D., Amin Mansoorifar, Ph.D., Avathamsa Athirasala, M.S., Ramesh Subbiah, Ph.D., Anthony Tahayeri, B.S., Mauricio Sousa, D.D.S., M.S., Ph.D., May Anny Fraga, D.D.S., M.S., Rahul Visalakshan, Ph.D., Aaron Doe, M.S., Keith Beadle, B.S., and McKenna Finley, B.A. Co-authors also include Emilios Dimitriadis, Ph.D., with the National Institute of Biomedical Imaging and Bioengineering; Jennifer Bays, Ph.D., and Marina Uroz, Ph.D., with Boston University; and Kenneth Yamada, M.D., Ph.D., with the National Institute of Dental and Craniofacial Research of the National Institutes of Health.
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Need for standardized measurement methods in gene therapy | ScienceDaily
In a finding with implications for one of the most promising cutting-edge medical treatments, researchers evaluated several measurement techniques commonly used in gene therapy. The study determined that one of the most popular techniques was "problematic" and requires further development and standardization.


						
In gene therapy, a person's faulty genes are either replaced or modified to treat or prevent disease. With roughly two dozen products on the market and hundreds of clinical trials in progress or planned, the treatment is hailed as a revolutionary method for targeting the root genetic causes of diseases ranging from sickle cell to cancer.

Some gene therapy treatments use modified adeno-associated viruses (AAVs) to deliver therapeutic genetic material into a patient's cells. These AAVs are engineered to target specific cell types. Then their infectious genetic material is replaced with the therapeutic genetic material, and they are administered to the patient.

Correctly measuring AAV vectors, as they are called, is critical to their safety and efficacy.

In a recently released study, researchers at the National Institute of Standards and Technology, the National Institute for Innovation in Manufacturing Biopharmaceuticals (NIIMBL), and the U.S. Pharmacopeia (USP) recruited six industry labs in the United States and Europe to measure sample AAV vectors.

The labs were asked to quantify the concentration of genetic material and viral particles in the vectors. They used four measurement techniques and reported their results back to the study's authors.

Of the four measurement methods deployed, polymerase chain reaction-enzyme-linked immunosorbent assay (PCR-ELISA) had the lowest accuracy and precision. By accuracy, researchers mean how close the measurement is to the correct value. Precision refers to whether the method produces consistently similar results.




PCR-ELISA's imprecision led the study's authors to conclude that the method had "poor reproducibility." Its results could not be reliably replicated both within the same lab and at different labs.

The method "should not be used for quantitative [measurements of AAV vectors] without further method development and harmonization," they added.

PCR-ELISA is actually two separate tools combined into one. PCR is used to quantify genetic material, and ELISA measures the proteins that make up the viral shell. Both tests have been around for decades, and there are dozens of versions of each currently sold on the market.

As a result, there are subtle but important differences in the ways PCR-ELISA is manufactured and used, NIST chemical engineer Wyatt N. Vreeland said. Everyone may think they are doing the same thing when conducting a PCR-ELISA test, he said, but they often aren't.

"It's like a recipe for the same chocolate cake," said Vreeland, who was the principal investigator on the study. "You can give someone the same ingredients, but when you use different equipment to make them or bake them in different ovens, the cakes don't turn out the same."

Here's what the study found about the other three methods:
    	SEC-MALS (size exclusion chromatography with multi-angle light scattering and tandem UV/Vis and/or refractive index) was the most accurate and precise of the methods tested.
    	SV-AUC (sedimentation velocity-analytical ultracentrifugation) with UV/Vis and/or Rayleigh interference optics was less accurate and precise than SEC-MALS, which surprised the researchers since SV-AUC is considered the "gold standard" for AAV vector measurement. However, SV-AUC was better than SEC-MALS in creating a detailed "map" of the distribution of the genetic and viral particles in the AAV vector. The study suggested that "SEC-MALS could be implemented as a general method with [SV-AUC] being used for more complete analysis as necessary."
    	A260/A280 dual wavelength ultraviolet spectrophotometry, which measures the absorption of ultraviolet light by a sample, has significant limitations compared with other methods. It cannot distinguish between partially filled or overfilled AAV vectors. Additionally, AAV protein particles are too large for the equipment to handle without producing errors. These issues with spectrophotometry are well documented, and the technique is generally not relied upon for highly accurate measurements.

The study did not draw conclusions about past, ongoing or future gene therapy research that relied upon these methods for measuring AAV vectors. It also did not make any policy or regulatory recommendations.

In future work, researchers at NIST, USP and NIIMBL, a NIST-supported public-private partnership to support biopharmaceutical manufacturing, plan to develop standard operating procedures (SOPs) for the SV-AUC. SOPs are a detailed, written set of instructions for a specific technology or methodology. The scientists believe having widely accepted SOPs for SV-AUC will improve its reproducibility performance to the same level as that of SEC-MALS, for which there are already SOPs.

"All the different methods we tested have their limitations and uncertainties," said Vreeland. "What's important is that you understand what your measurement technique can and cannot tell you."
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Circulation problems in the brain's seat of memory linked to mild cognitive impairment in older adults | ScienceDaily
Mild cognitive impairment is linked to blood vessel dysfunction in the brain's temporal lobes -- the seat of memory -- according to a new USC-led study.


						
The findings, seen in people with and without signs of amyloid buildup in the brain, suggest that microvascular trouble may be an important, early biomarker for dementia as well as a potential target for therapy.

The research, involving scientists from multiple universities, appears in the journal Neurology.

"We're studying the ability of these very small vessels to respond to stimuli and to dilate, and they're showing dysfunction in people who have memory problems," said senior author Daniel Nation, a professor of gerontology and medicine at the USC Leonard Davis School of Gerontology. "It could implicate blood vessel dysfunction in a very early stage of memory loss. It happened whether or not people had Alzheimer's-related brain changes. They still had this blood vessel problem if they had memory issues."

New biomarker for dementia

For the study, researchers recruited a sample of 144 older, independently living adults from the community. The volunteers took a neuropsychological assessment, gave blood samples and underwent brain MRI, or magnetic resonance imaging.

During MRI, volunteers held their breath for 15-second intervals, an exercise designed to dilate the brain's blood vessels, a natural process called "cerebrovascular reactivity" which regulates oxygen levels in the brain.




Researchers paid special attention blood vessels supplying the temporal lobes, located on the sides of the head, near the ears. Participants whose blood vessels didn't dilate properly showed signs of cognitive impairment.

"With this approach, we can pinpoint the problem to the blood vessels and their ability to dilate. That's not the way people usually think about memory impairment in older adults," Nation said. "There's an increasing realization that the main cause of dementia is not actually Alzheimer's disease, it's mixed pathology. If you just focus on amyloid, you're certainly not going to get the full picture. Maybe this technique should be incorporated into our diagnostic approaches."

"Our findings underscore the need to focus on vascular health as a critical factor in memory decline," said first author Arunima Kapoor, a graduate student at University of California, Irvine.

Nation said that some blood pressure drugs may potentially protect vascular function in a way that preserves memory, but more research is needed.

About this study

In addition to Nation and Kapoor, other authors include John Paul Alitin, Trevor Lohman, Isabel Sible, Anisa Marshall, Aimee Gaubert, Xingfeng Shao and Danny Wang, all of USC; Shubir Dutt of University of California, San Francisco; Allison Engstrom and Fatemah Shenasa, Lorena Sordo and Elizabeth Head, all of University of California, Irvine; and David Robert Bradford and Kathleen Rodgers of University of Arizona.

The research was supported by National Institutes of Health grants R01AG064228, R01AG060049, R01AG082073, P01AG052350, P30AG066530, and a grant from the American Heart Association, 23PRE1014192.
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Three drug cocktail shows potential to boost CAR-T cancer therapy | ScienceDaily
Preclinical research findings from the University of North Carolina Lineberger Comprehensive Cancer Center identified a cocktail of three different drugs that can be used to generate more robust immune system CAR-Ts (chimeric antigen receptor-T cells) to fight cancer. This finding may have a significant impact on improving the production of CAR-T cells for clinical use.


						
CAR-T cell immunotherapy involves harvesting immune-system T cells from a patient and genetically re-engineering them in the lab to recognize targets on the surface of cancer cells when they are reinfused into patients. Patients treated with certain types of CAR-T cells can have significant responses to their cancer, particularly when the re-engineered cells contain a subset of immune cells identified as T-memory stem cells (TSCM).

The research findings appeared Jan. 8 in Nature Immunology.

"CAR-T cells produced in the lab for reinfusion can be extremely different from one patient to another and the lack of certain types of cells in the end product can significantly reduce the capacity of these cells to persist long term," said Gianpietro Dotti, MD, professor of microbiology and immunology at UNC School of Medicine and co-leader of the UNC Lineberger immunology research program. "Our study demonstrates that the addition of the drugs we have identified during the re-engineering process allows the preservation of a critical cell subset responsible for long-term persistence."

Dotti and Yang Xu, PhD, are the paper's corresponding authors. Feifei Song, PhD, a UNC Lineberger postdoctoral research fellow, is the first author.

The researchers, using lab and mouse experiments, identified several enzymes called kinases (ITK, ADCK3, MAP3K4 and CDK13) that are involved in the enrichment of TSCM-like CAR-T cells. In particular, ADCK3 and MAP3K4 were found to be potential novel targets in T cells, suggesting that further study into their functions and signaling pathways might reveal insights into how T cells differentiate, or change, to perform important immune functions.

The identification of the kinases then allowed the scientists to conduct a sophisticated screening process to search for kinase-inhibiting drugs that preserve TSCM-like cells in re-engineered CAR-T cells generated from both healthy donors and patients with chronic lymphocytic leukemia (CLL).




Because targeting a single signaling pathway often triggers compensatory defensive mechanisms in cancer cells, the researchers thought that the use of several kinase inhibitors that target multiple, non-overlapping pathways could have the potential to circumvent that compensation and achieve greater enrichment of TSCMs in CAR-T cell products, improving anti-tumor activity.

The investigators were correct.

One of their most striking findings was the inability of a lone kinase inhibitor to increase the frequency of certain TSCM-like CAR-T cells. In sharp contrast, the three-drug kinase inhibitor cocktail consistently increased the frequency of TSCM-like CAR-T cells in both healthy donors and patients with CLL who harbored particularly dysfunctional T cells.

"We tested our hypothesis in CLL because the T cells in these patients are really dysfunctional cells. The strategy we propose is not tailored to blood-borne malignancies but is a general concept applicable to CAR-T cell manufacturing for all diseases," Dotti said. "Our study also helps show the advantages of pharmacological approaches over genetic approaches to enrich TSCM-like cells as most gene-targeted therapies have not proven to be very effective in this arena."

Dotti and his colleagues said additional research is needed to determine how the kinase inhibitors actively drive the differentiation of TSCMs before the experimental drug cocktail can be studied in a clinical trial. But they believe that their kinase inhibitor cocktail could be rapidly integrated into the manufacturing of other T-cell products, such as tumor-infiltrating lymphocytes which are also used to fight cancer.
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A 'volume dial' for missed signals produced by our bodies | ScienceDaily
An unplugged electric instrument may function, but it sounds much better when it is connected to an amplifier. Similarly, toxins and other small molecules at low concentrations in the environment or human body may emit quiet signals that are undetectable without specialized lab technology.


						
Now, thanks to a "cool trick in biochemistry" used to adapt a sensing platform already being deployed by Northwestern scientists to measure toxins in drinking water, researchers can detect and even measure chemicals at low enough concentrations to have use outside the lab. By attaching circuitry akin to a volume knob to "turn up" weak signals, the team opened the door for the system to be applied to disease detection and monitoring in the human body for nucleic acids like DNA and RNA, as well as bacteria such as E. coli.

The results, which describe a system that is 10 times more sensitive than previous cell-free sensors built by the team, were published today (Jan. 13) in the journal Nature Chemical Biology.

"Biosensors repurposed from nature can, in principle, detect a whole spectrum of contaminants and human health markers, though they're often not sensitive enough as is," said corresponding author and Northwestern synthetic biologist Julius Lucks. "By adding genetic circuitry that acts like an amplifier, we can make this biosensing platform meet sensitivity levels needed for application in environmental and human health monitoring."

Lucks is a professor of chemical and biological engineering at Northwestern's McCormick School of Engineering and a co-director of the Center for Synthetic Biology.

Engineering a 'pregnancy test for water'

ROSALIND's original model could sense 17 different contaminants in a single drop of water, glowing green when a contaminant exceeded the U.S. Environmental Protection Agency's standards. A second model enabled the platform to compute different concentrations of contaminants, creating something more sophisticated than a "pregnancy test for water."

Lucks and his team used an approach called cell-free synthetic biology to create ROSALIND, in which molecular machinery -- like DNA, RNA and proteins -- is removed from cells and then reprogrammed to perform new tasks.




A useful bug in the system

Synthetic biologists working with DNA and RNA often run into an unhelpful nemesis called T7 RNA polymerase enzyme, which Lucks compares to the radio battery for its role in pumping out output signals. For most, the enzyme can also act like a bug in the system, munching up snippets of RNA that it is not supposed to and wreaking havoc on nucleic acid circuits. But Lucks wondered if it could be used to their advantage.

Lucks uses the history of the transistor radio to explain advances in the sensing platform built by his team, which is called ROSALIND (named after famous chemist Rosalind Franklin and short for "RNA output sensors activated by ligand induction").

"You could build the first transistor radio in your Electronics 101 class, and it gets a radio signal, but it has all sorts of problems," Lucks said. "If you walk behind a tree, you will lose signal, and if you walk closer to the source, it will get louder. In future generations of that radio, they added additional electronic circuitry to control for and correct those things. This iteration is basically adding a volume knob to the radio."

With a signal amplification trick from DNA nanotechnology that allows a circuit to recycle and replay its input, the researchers found a method to boost an input molecule's signal. When a signal is generated, the "bug" eats and recycles it, generating another signal. The result allowed the team to detect molecules -- like antibiotics and heavy metals -- at a fraction of the concentration as previous iterations.

"We created a new system to amplify signals in ROSALIND," said first author Jenni Li, a Ph.D. candidate in the Lucks lab. "Due to a cool trick in biochemistry, this lets us sensitize the system to detect compounds at lower levels without changing the actual biosensor protein. This is all done in nucleic acid 'circuits.' ROSALIND 3.0 is now more sensitive and can detect nucleic acids when it could previously only detect small molecule compounds."

ROSALIND at work




Previous iterations of ROSALIND are already deployed in real-world settings, for example, in an ongoing field study in the Chicago area detecting lead in drinking water. According to Lucks, new elements of the team's "3.0" model can be easily applied to this and other projects.

"We are also developing ROSALIND to detect human health markers, food quality markers and agricultural compounds, opening up what this platform technology can be used for," Lucks said. "This new sensitization approach is general, meaning that we will more quickly be able to develop sensors that can detect compounds at actionable levels in the future."

Work was supported by the National Institutes of Health training grant (T32GM008449) through Northwestern's Biotechnology Training Program, the National Science Foundation Synthesizing Biology Across Scales training program (2021900), and Northwestern's Graduate School Cluster in Biotechnology, System and Synthetic Biology. Additional support comes from Army Contracting Command (W52P1J-21-9-3023), the Defense Advanced Research Projects Agency (DARPA) (N660012324041) and the National Science Foundation (2310382).

Northwestern startup company Stemloop is commercializing the ROSALIND technology. Lucks has financial interests in and affiliations with Stemloop. Northwestern has financial interests (equity, royalties) in Stemloop.
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        NASA celebrates Edwin Hubble's discovery of a new universe
        For humans, the most important star in the universe is our Sun. The second-most important star is nestled inside the Andromeda galaxy. Don't go looking for it -- the flickering star is 2.2 million light-years away, and is 1/100,000th the brightness of the faintest star visible to the human eye. Yet, a century ago, its discovery by Edwin Hubble opened humanity's eyes as to how large the universe really is, and revealed that our Milky Way galaxy is just one of hundreds of billions of galaxies in th...

      

      
        This fast and agile robotic insect could someday aid in mechanical pollination
        New insect-scale microrobots can fly more than 100 times longer than previous versions. The new bots, also significantly faster and more agile, could someday be used to pollinate fruits and vegetables.

      

      
        Researchers make comfortable materials that generate power when worn
        Researchers have demonstrated new wearable technologies that both generate electricity from human movement and improve the comfort of the technology for the people wearing them. The work stems from an advanced understanding of materials that increase comfort in textiles and produce electricity when they rub against another surface.

      

      
        Ultrasound-directed microbubbles could boost immune response against tumors
        Researchers have designed process that uses ultrasound to modify the behavior of cancer-fighting T cells by increasing their cell permeability. They targeted freshly isolated human immune cells with tightly focused ultrasound beams and clinically approved contrast agent microbubbles. When hit with the ultrasound, the bubbles vibrate at extremely high frequency, acting as a push-pull on the walls of the T cell's membranes. This can mimic the T cell's natural response to the presence of an antigen....

      

      
        This quasar may have helped turn the lights on for the universe
        Astronomers have detected an intensely brightening and dimming quasar that may help explain how some objects in the early universe grew at a highly accelerated rate. The discovery is the most distant object detected by the NuSTAR X-ray space telescope (which launched in 2012) and stands as one of the most highly 'variable' quasars ever identified.

      

      
        Crash tests, emergency brake assistants and night bans: How automated lawnmowing is becoming hedgehog-proof
        Night-time collisions with robotic lawnmowers are a significant animal welfare and conservation problem for hedgehogs as these often suffer serious or even fatal injuries. In order to make the operation of robotic lawnmowers hedgehog-safe, researchers are developing special hedgehog dummies and standardized tests to prevent fatal collisions.

      

      
        Super-Earth vs. Sub-Neptune? The winner is Super-Venus!
        New observational data and simulation models have confirmed a new type of planet unlike anything found in the Solar System. This provides another piece of the puzzle to understand how planets and planetary systems form.

      

      
        Not all Hot Jupiters orbit solo
        Hot Jupiters are giant planets initially known to orbit alone close to their star. During their migration towards their star, these planets were thought to accrete or eject any other planets present. However, this paradigm has been overturned by recent observations, and the final blow could come from a new study demonstrating the existence of a planetary system, WASP-132, with an unexpected architecture. It not only contains a Hot Jupiter but also an inner Super-Earth and an icy giant planet.

      

      
        Land ahoy! Experiments at GSI/FAIR reveal the shoreline of the island of stability of super-heavy elements
        A team of researchers has succeeded in exploring the limits of the so-called island of stability within the super-heavy nuclides more precisely by measuring the super-heavy rutherfordium-252 nucleus, which is now the shortest-lived known super-heavy nucleus.

      

      
        Three tiny 'stellar-ghost-town' galaxies discovered
        By combining data from the DESI Legacy Imaging Surveys and the Gemini South telescope, astronomers have investigated three ultra-faint dwarf galaxies that reside in a region of space isolated from the environmental influence of larger objects. The galaxies, located in the direction of NGC 300, were found to contain only very old stars, supporting the theory that events in the early Universe cut star formation short in the smallest galaxies.

      

      
        Engineers develop breakthrough method for aluminum surfaces, enabling advancements in cooling, self-cleaning and anti-icing technologies
        An international team of engineers has developed an innovative, scalable method for creating topography-patterned aluminum surfaces, enhancing liquid transport properties critical for applications in electronics cooling, self-cleaning technologies and anti-icing systems.

      

      
        Nord Stream methane spread across the southern Baltic Sea
        Methane from the destroyed Nord Stream pipelines spread over a large part of the southern Baltic Sea and remained for several months.

      

      
        Sensor tech and water filtration: Graphene made permeable for ions
        A milestone in graphene research: Chemists have succeeded in controlling the passage of halide ions by deliberately introducing defects into a two-layer nanographene system. Their paper shows new perspectives for applications in water filtration or sensor technology.

      

      
        Researchers invent soft, bioelectronic sensor implant
        Scientists describe their construction of complementary, internal, ion-gated, organic electrochemical transistors that are more amenable chemically, biologically and electronically to living tissues than rigid, silicon-based technologies. The medical device based on these transistors can function in sensitive parts of the body and conform to organ structures even as they grow. The result is a biocompatible sensor that can monitor brain functions in pediatric patients as they develop and grow.

      

      
        Researchers unlock new insights into tellurene, paving the way for next-gen electronics
        Researchers have published a study describing how quasiparticles called polarons behave in tellurene, a nanomaterial first synthesized in 2017 that is made up of tiny chains of tellurium atoms and has properties useful in sensing, electronic, optical and energy devices.

      

      
        Floating solar panels could support US energy goals
        Federal reservoirs could help meet the country's solar energy needs, according to a new study. Geospatial scientists and senior legal and regulatory analyst quantified exactly how much energy could be generated from floating solar panel projects installed on federally owned or regulated reservoirs.

      

      
        SCP-Nano: A new technology to visualize nanocarriers in cells and tissues
        How can we ensure that life-saving drugs or genetic therapies reach their intended target cells without causing harmful side effects? Researchers have taken an important step to answer this question. They have developed a method that, for the first time, enables the precise detection of nanocarriers -- tiny transport vehicles -- throughout the entire mouse body at a single-cell level.

      

      
        New training technique for highly efficient AI methods
        AI applications like ChatGPT are based on artificial neural networks that, in many respects, imitate the nerve cells in our brains. They are trained with vast quantities of data on high-performance computers, gobbling up massive amounts of energy in the process. Spiking neurons, which are much less energy-intensive, could be one solution to this problem. In the past, however, the normal techniques used to train them only worked with significant limitations. A recent study has now presented a poss...

      

      
        Direct discharge electrical pulses for carbon fiber recycling
        Carbon fiber-reinforced polymers (CFRPs) are used in the aerospace, automotive, and sports equipment industries. However, their recycling remains a major problem. In a recent study, researchers demonstrated a novel direct discharge electrical pulse method for the efficient, effective, and environmentally friendly separation of CFRPs to recover high-quality carbon fibers. This work is expected to pave the way for a more sustainable world.

      

      
        This metaphorical cat is both dead and alive -- and it will help quantum engineers detect computing errors
        Engineers have demonstrated a well-known quantum thought experiment in the real world. Their findings deliver a new and more robust way to perform quantum computations and they have important implications for error correction, one of the biggest obstacles standing between them and a working quantum computer.

      

      
        Just as Gouda: Improving the quality of cheese alternatives
        Scientists are working to produce plant-based cheese with all the characteristics of real cheese, but with better health benefits. To create a cheesy product with the same texture as the real thing, they looked at a variety of physical attributes such as the melting, stretching, and oil-release upon grilling and heating and studied isolates from three proteins and how they interacted with the oil and with the starch matrix of the cheese alternative. Using a blend of sunflower and coconut oil decr...

      

      
        Uncurling a single DNA molecule and gluing it down helps sharpen images
        Using advanced imaging techniques and precise microfluidics control to stretch out curly DNA into a straight line, new research demonstrates techniques for stretching and immobilizing DNA with minimum thermal fluctuation to enable detailed analysis. A team at Nagoya University experimented with ways to uncurl a DNA molecule using pressure applied to liquid flowing in a channel, with the pressure flow providing shear force that uncurled the DNA molecule. They found that controlling the flow veloci...

      

      
        Green hydrogen: Big gaps between ambition and implementation
        In recent years, more than 60 countries have developed strategies to stimulate the market ramp-up of hydrogen, particularly in the industrial sector. However, in 2023, less than ten percent of the originally announced green hydrogen production was realized, shows a new study. The main reason: hydrogen remains expensive and there is little willingness to pay the cost.

      

      
        Self-stimulated ejection of freezing droplets, unlocking cost-effective applications in de-icing
        Water droplets under freezing conditions do not spontaneously detach from surfaces as they do at room temperature due to stronger droplet-surface interaction and lack of an energy transformation pathway. Since accumulated droplets or ice have to be removed manually or with mechanical equipment, which is costly and inefficient, preventing droplet accretion on surfaces is both scientifically intriguing and practically important. Researchers have now invented a ground-breaking self-powered mechanism...

      

      
        Engineering quantum entanglement at the nanoscale
        Researchers have developed a drastically smaller and more energy efficient method of creating coveted photon pairs that influence each other from any distance. The technology could transform computing, telecommunications, and sensing.

      

      
        Researchers develop breakthrough one-step flame retardant for cotton textiles
        Although extremely flammable, cotton is one of the most commonly used textiles due to its comfort and breathable nature. However, in a single step, researchers can reduce the flammability of cotton using a polyelectrolyte complex coating.

      

      
        Wind turbines impair the access of bats to water bodies in agricultural landscapes
        Bats depend on open bodies of water such as small ponds and lakes for foraging and drinking. Access to water is particularly important for survival in the increasingly hot and dry summers caused by climate change, the time when female bats are pregnant and rear their young. A scientific team has now shown that access to drinking sites is hampered by wind turbines in agricultural landscapes: Many bat species avoid the turbines and water bodies located close to the turbines for several kilometers.

      

      
        Hubble reveals surprising spiral shape of galaxy hosting young jet
        The night sky has always played a crucial role in navigation, from early ocean crossings to modern GPS. Besides stars, the United States Navy uses quasars as beacons. Quasars are distant galaxies with supermassive black holes, surrounded by brilliantly hot disks of swirling gas that can blast off jets of material. Following up on the groundbreaking 2020 discovery of newborn jets in a number of quasars, aspiring naval officer Olivia Achenbach of the United States Naval Academy has used NASA's Hubb...

      

      
        NASA's Hubble tracks down a 'blue lurker' among stars
        The name 'blue lurker' might sound like a villainous character from a superhero movie. But it is a rare class of star that NASA's Hubble Space Telescope explored by looking deeply into the open star cluster M67, roughly 2,800 light-years away.

      

      
        DNA nanorobots can alter artificial cells
        Scientists have succeeded in controlling the structure and function of biological membranes with the help of 'DNA origami'. The system they developed may facilitate the transportation of large therapeutic loads into cells. This opens up a new way for the targeted administration of medication and other therapeutic interventions. Thus, a very valuable instrument can be added to the toolbox of synthetic biology.

      

      
        Sodium-ion batteries need breakthroughs to compete
        A thorough analysis of market, technological, and supply chain outcomes for sodium-ion batteries finds that significant advances are needed before commercialization.

      

      
        New study unveils breakthrough in understanding cosmic particle accelerators
        Scientists have come a step closer to understanding how collisionless shock waves -- found throughout the universe -- are able to accelerate particles to extreme speeds.

      

      
        Differences in strength by position among football players
        It's long been known that different positions on the football field fit different body types. A study led by the University of Kansas has gone beyond knowing that linemen are bigger with more body mass than receivers and tested a team of college football starters, finding differences in strength, power, jumping ability and more. The findings could help improve strength training designed to optimize performance for different types of players, researchers argue.

      

      
        X-ray flashes from a nearby supermassive black hole accelerate mysteriously
        Astronomers observed flashes of X-rays coming from a supermassive black hole at a steadily increasing clip. The source could be the core of a dead star that's teetering at the black hole's edge.

      

      
        From microplastics to macro-impact: Plastic recycling challenges
        The use of plastic has skyrocketed over the past decade. Recent statistics reveal that in 2021, each person in the European Union (EU) generated an average of 36 kg of plastic packaging waste.

      

      
        Light, flexible and radiation-resistant: Organic solar cells for space
        Radiation testing suggests that solar cells made from carbon-based, or organic, materials could outperform conventional silicon and gallium arsenide for generating electricity in the final frontier, a study suggests.

      

      
        'What is that?' Scientists explain white patch that appears near northern lights
        A whitish, grey patch that sometimes appears in the night sky alongside the northern lights has now been explained.

      

      
        New insights into acoustic bubbles give boost to future applications
        A research team found a key indicator for the chemical activity of acoustic microbubbles and a correlation between the temperature of a liquid and that of the microbubbles generated.

      

      
        Harnessing corrosion: Scientists transform dealloying into sustainable lightweight alloy design
        Alloying, the art of blending metals with other elements, has long been a cornerstone of materials science and metallurgy, creating materials with tailored properties. In contrast, dealloying has been known primarily as a corrosive process that degrades materials over time by selectively removing elements, weakening their structure. Now, researchers have turned these two seemingly counteracting processes into an innovative harmonic synthesis concept.

      

      
        New data on atmosphere from Earth to the edge of space
        Researchers have created a dataset of the whole atmosphere, enabling new research to be conducted on previously difficult-to-study regions. Using a new data-assimilation system called JAGUAR-DAS, which combines numerical modeling with observational data, the team created a nearly 20-yearlong set of data spanning multiple levels of the atmosphere from ground level up to the lower edges of space. Being able to study the interactions of these layers vertically and around the globe could improve clim...

      

      
        Harnessing microwave flow reaction to convert biomass into useful sugars
        Researchers have developed a new process that uses microwave flow reaction and recyclable solid catalysts to efficiently hydrolyze polysaccharides into simple sugars. The developed device utilizes a continuous-flow hydrolysis process, where cellobiose is passed through a sulfonated carbon catalyst that is heated using microwaves, resulting in the efficient conversion of cellobiose to glucose.

      

      
        Revealing the 'true colors' of a single-atom layer of metal alloys
        Researchers have demonstrated that the direction of the spin-polarized current can be restricted to only one direction in a single-atom layer of a thallium-lead alloys when irradiated at room temperature. The discovery defies conventions: single-atom layers have been thought to be almost completely transparent, in other words, negligibly absorbing or interacting with light. The one-directional flow of the current observed in this study makes possible functionality beyond ordinary diodes, paving t...

      

      
        Breakthrough study reveals the secrets behind cordierite's anomalous thermal expansion
        Cordierite, the material behind heat-resistant pizza stones, has been shown to resist changes in size despite significant temperature fluctuations. The reasons for this have been largely unexplained until now. New findings have profound implications for the design and development of advanced materials.

      

      
        Oil extraction might have triggered small earthquakes in Surrey, England
        A series of more than 100 small earthquakes in Surrey in 2018 and 2019 might have been triggered by oil extraction from a nearby well, suggests a new study.

      

      
        Hidden transport pathways in graphene confirmed, paving the way for next-generation device innovation
        Electron transport in bilayer graphene exhibits a pronounced dependence on edge states and a nonlocal transport mechanism, according to a recent study.

      

      
        Pioneering new tool will spur advances in catalysis
        Catalysts do several surprising things to assist with daily life -- from bread making to turning raw materials into fuels more efficiently. Now, researchers have developed a way to speed up the discovery process for a promising new class of these helpful substances called single atom catalysts.

      

      
        Storing carbon in buildings could help address climate change
        Construction materials such as concrete and plastic have the potential to lock away billions of tons of carbon dioxide, according to a new study by civil engineers and earth systems scientists. The study shows that combined with steps to decarbonize the economy, storing CO2 in buildings could help the world achieve goals for reducing greenhouse gas emissions.

      

      
        May the force not be with you: Cell migration doesn't only rely on generating force
        Researchers find cell migration doesn't only rely on generating force. A professor of mechanical engineering and materials science found that groups of cells moved faster with lower force when adhered to soft surfaces with aligned collagen fibers.

      

      
        Researchers use lab data to rewrite equation for deformation, flow of watery glacier ice
        Laboratory experiments designed to deform ice at its pressure-melting temperature were like grabbing a bagel at the top and the bottom, then twisting the two halves to smear the cream cheese in the middle, according to new research. The resulting data could lead to more accurate models of temperate glacier ice and better predictions of glacier flow and sea-level rise.
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NASA celebrates Edwin Hubble's discovery of a new universe | ScienceDaily
For humans, the most important star in the universe is our Sun. The second-most important star is nestled inside the Andromeda galaxy. Don't go looking for it -- the flickering star is 2.2 million light-years away, and is 1/100,000th the brightness of the faintest star visible to the human eye.


						
Yet, a century ago, its discovery by Edwin Hubble, then an astronomer at Carnegie Observatories, opened humanity's eyes as to how large the universe really is, and revealed that our Milky Way galaxy is just one of hundreds of billions of galaxies in the universe ushered in the coming-of-age for humans as a curious species that could scientifically ponder our own creation through the message of starlight. Carnegie Science and NASA are celebrating this centennial at the 245th meeting of the American Astronomical Society in Washington, D.C.

The seemingly inauspicious star, simply named V1, flung open a Pandora's box full of mysteries about time and space that are still challenging astronomers today. Using the largest telescope in the world at that time, the Carnegie-funded 100-inch Hooker Telescope at Mount Wilson Observatory in California, Hubble discovered the demure star in 1923. This rare type of pulsating star, called a Cepheid variable, is used as milepost markers for distant celestial objects. There are no tape-measures in space, but by the early 20th century Henrietta Swan Leavitt had discovered that the pulsation period of Cepheid variables is directly tied to their luminosity.

Many astronomers long believed that the edge of the Milky Way marked the edge of the entire universe. But Hubble determined that V1, located inside the Andromeda "nebula," was at a distance that far exceeded anything in our own Milky Way galaxy. This led Hubble to the jaw-dropping realization that the universe extends far beyond our own galaxy.

In fact Hubble had suspected there was a larger universe out there, but here was the proof in the pudding. He was so amazed he scribbled an exclamation mark on the photographic plate of Andromeda that pinpointed the variable star.

As a result, the science of cosmology exploded almost overnight. Hubble's contemporary, the distinguished Harvard astronomer Harlow Shapley, upon Hubble notifying him of the discovery, was devastated. "Here is the letter that destroyed my universe," he lamented to fellow astronomer Cecilia Payne-Gaposchkin, who was in his office when he opened Hubble's message.

Just three years earlier, Shapley had presented his observational interpretation of a much smaller universe in a debate one evening at the Smithsonian Museum of Natural History in Washington. He maintained that the Milky Way galaxy was so huge, it must encompass the entirety of the universe. Shapley insisted that the mysteriously fuzzy "spiral nebulae," such as Andromeda, were simply stars forming on the periphery of our Milky Way, and inconsequential.




Little could Hubble have imagined that 70 years later, an extraordinary telescope named after him, lofted hundreds of miles above the Earth, would continue his legacy. The marvelous telescope made "Hubble" a household word, synonymous with wonderous astronomy.

Today, NASA's Hubble Space Telescope pushes the frontiers of knowledge over 10 times farther than Edwin Hubble could ever see. The space telescope has lifted the curtain on a compulsive universe full of active stars, colliding galaxies, and runaway black holes, among the celestial fireworks of the interplay between matter and energy.

Edwin Hubble was the first astronomer to take the initial steps that would ultimately lead to the Hubble Space Telescope, revealing a seemingly infinite ocean of galaxies. He thought that, despite their abundance, galaxies came in just a few specific shapes: pinwheel spirals, football-shaped ellipticals, and oddball irregular galaxies. He thought these might be clues to galaxy evolution -- but the answer had to wait for the Hubble Space Telescope's legendary Hubble Deep Field in 1994.

The most impactful finding that Edwin Hubble's analysis showed was that the farther the galaxy is, the faster it appears to be receding from Earth. The universe looked like it was expanding like a balloon. This was based on Hubble tying galaxy distances to the reddening of light -- the redshift -- that proportionally increased the father away the galaxies are.

The redshift data were first collected by Lowell Observatory astronomer Vesto Slipher, who spectroscopically studied the "spiral nebulae" a decade before Hubble. Slipher did not know they were extragalactic, but Hubble made the connection. Slipher first interpreted his redshift data an example of the Doppler effect. This phenomenon is caused by light being stretched to longer, redder wavelengths if a source is moving away from us. To Slipher, it was curious that all the spiral nebulae appeared to be moving away from Earth.

Two years prior to Hubble publishing his findings, the Belgian physicist and Jesuit priest Georges Lemaitre analyzed the Hubble and Slifer observations and first came to the conclusion of an expanding universe. This proportionality between galaxies' distances and redshifts is today termed Hubble-Lemaitre's law.




Because the universe appeared to be uniformly expanding, Lemaitre further realized that the expansion rate could be run back into time -- like rewinding a movie -- until the universe was unimaginably small, hot, and dense. It wasn't until 1949 that the term "big bang" came into fashion.

This was a relief to Edwin Hubble's contemporary, Albert Einstein, who deduced the universe could not remain stationary without imploding under gravity's pull. The rate of cosmic expansion is now known as the Hubble Constant.

Ironically, Hubble himself never fully accepted the runaway universe as an interpretation of the redshift data. He suspected that some unknown physics phenomenon was giving the illusion that the galaxies were flying away from each other. He was partly right in that Einstein's theory of special relativity explained redshift as an effect of time-dilation that is proportional to the stretching of expanding space. The galaxies only appear to be zooming through the universe. Space is expanding instead.

After decades of precise measurements, the Hubble telescope came along to nail down the expansion rate precisely, giving the universe an age of 13.8 billion years. This required establishing the first rung of what astronomers call the "cosmic distance ladder" needed to build a yardstick to far-flung galaxies. They are cousins to V1, Cepheid variable stars that the Hubble telescope can detect out to over 100 times farther from Earth than the star Edwin Hubble first found.

Astrophysics was turned on its head again in 1998 when the Hubble telescope and other observatories discovered that the universe was expanding at an ever-faster rate, through a phenomenon dubbed "dark energy." Einstein first toyed with this idea of a repulsive form of gravity in space, calling it the cosmological constant.

Even more mysteriously, the current expansion rate appears to be different than what modern cosmological models of the developing universe would predict, further confounding theoreticians. Today astronomers are wrestling with the idea that whatever is accelerating the universe may be changing over time. NASA's Roman Space Telescope, with the ability to do large cosmic surveys, should lead to new insights into the behavior of dark matter and dark energy. Roman will likely measure the Hubble constant via lensed supernovae.

This grand century-long adventure, plumbing depths of the unknown, began with Hubble photographing a large smudge of light, the Andromeda galaxy, at the Mount Wilson Observatory high above Los Angeles.

In short, Edwin Hubble is the man who wiped away the ancient universe and discovered a new universe that would shrink humanity's self-perception into being an insignificant speck in the cosmos.
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This fast and agile robotic insect could someday aid in mechanical pollination | ScienceDaily
With a more efficient method for artificial pollination, farmers in the future could grow fruits and vegetables inside multilevel warehouses, boosting yields while mitigating some of agriculture's harmful impacts on the environment.


						
To help make this idea a reality, MIT researchers are developing robotic insects that could someday swarm out of mechanical hives to rapidly perform precise pollination. However, even the best bug-sized robots are no match for natural pollinators like bees when it comes to endurance, speed, and maneuverability.

Now, inspired by the anatomy of these natural pollinators, the researchers have overhauled their design to produce tiny, aerial robots that are far more agile and durable than prior versions.

The new bots can hover for about 1,000 seconds, which is more than 100 times longer than previously demonstrated. The robotic insect, which weighs less than a paperclip, can fly significantly faster than similar bots while completing acrobatic maneuvers like double aerial flips.

The revamped robot is designed to boost flight precision and agility while minimizing the mechanical stress on its artificial wing flexures, which enables faster maneuvers, increased endurance, and a longer lifespan.

The new design also has enough free space that the robot could carry tiny batteries or sensors, which could enable it to fly on its own outside the lab.

"The amount of flight we demonstrated in this paper is probably longer than the entire amount of flight our field has been able to accumulate with these robotic insects. With the improved lifespan and precision of this robot, we are getting closer to some very exciting applications, like assisted pollination," says Kevin Chen, an associate professor in the Department of Electrical Engineering and Computer Science (EECS), head of the Soft and Micro Robotics Laboratory within the Research Laboratory of Electronics (RLE), and the senior author of an open-access paper on the new design.




Chen is joined on the paper by co-lead authors Suhan Kim and Yi-Hsuan Hsiao, who are EECS graduate students; as well as EECS graduate student Zhijian Ren and summer visiting student Jiashu Huang. The research appears today in Science Robotics.

Boosting performance

Prior versions of the robotic insect were composed of four identical units, each with two wings, combined into a rectangular device about the size of a microcassette.

"But there is no insect that has eight wings. In our old design, the performance of each individual unit was always better than the assembled robot," Chen says.

This performance drop was partly caused by the arrangement of the wings, which would blow air into each other when flapping, reducing the lift forces they could generate.

The new design chops the robot in half. Each of the four identical units now has one flapping wing pointing away from the robot's center, stabilizing the wings and boosting their lift forces. With half as many wings, this design also frees up space so the robot could carry electronics.




In addition, the researchers created more complex transmissions that connect the wings to the actuators, or artificial muscles, that flap them. These durable transmissions, which required the design of longer wing hinges, reduce the mechanical strain that limited the endurance of past versions.

"Compared to the old robot, we can now generate control torque three times larger than before, which is why we can do very sophisticated and very accurate path-finding flights," Chen says.

Yet even with these design innovations, there is still a gap between the best robotic insects and the real thing. For instance, a bee has only two wings, yet it can perform rapid and highly controlled motions.

"The wings of bees are finely controlled by a very sophisticated set of muscles. That level of fine-tuning is something that truly intrigues us, but we have not yet been able to replicate," he says.

Less strain, more force

The motion of the robot's wings is driven by artificial muscles. These tiny, soft actuators are made from layers of elastomer sandwiched between two very thin carbon nanotube electrodes and then rolled into a squishy cylinder. The actuators rapidly compress and elongate, generating mechanical force that flaps the wings.

In previous designs, when the actuator's movements reach the extremely high frequencies needed for flight, the devices often start buckling. That reduces the power and efficiency of the robot. The new transmissions inhibit this bending-buckling motion, which reduces the strain on the artificial muscles and enables them to apply more force to flap the wings.

Another new design involves a long wing hinge that reduces torsional stress experienced during the flapping-wing motion. Fabricating the hinge, which is about 2 centimeters long but just 200 microns in diameter, was among their greatest challenges.

"If you have even a tiny alignment issue during the fabrication process, the wing hinge will be slanted instead of rectangular, which affects the wing kinematics," Chen says.

After many attempts, the researchers perfected a multistep laser-cutting process that enabled them to precisely fabricate each wing hinge.

With all four units in place, the new robotic insect can hover for more than 1,000 seconds, which equates to almost 17 minutes, without showing any degradation of flight precision.

"When my student Nemo was performing that flight, he said it was the slowest 1,000 seconds he had spent in his entire life. The experiment was extremely nerve-racking," Chen says.

The new robot also reached an average speed of 35 centimeters per second, the fastest flight researchers have reported, while performing body rolls and double flips. It can even precisely track a trajectory that spells M-I-T.

"At the end of the day, we've shown flight that is 100 times longer than anyone else in the field has been able to do, so this is an extremely exciting result," he says.

From here, Chen and his students want to see how far they can push this new design, with the goal of achieving flight for longer than 10,000 seconds.

They also want to improve the precision of the robots so they could land and take off from the center of a flower. In the long run, the researchers hope to install tiny batteries and sensors onto the aerial robots so they could fly and navigate outside the lab.

"This new robot platform is a major result from our group and leads to many exciting directions. For example, incorporating sensors, batteries, and computing capabilities on this robot will be a central focus in the next three to five years," Chen says.

This research is funded, in part, by the U.S. National Science Foundation and a Mathworks Fellowship.
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Researchers make comfortable materials that generate power when worn | ScienceDaily
Researchers have demonstrated new wearable technologies that both generate electricity from human movement and improve the comfort of the technology for the people wearing them. The work stems from an advanced understanding of materials that increase comfort in textiles and produce electricity when they rub against another surface.


						
At issue are molecules called amphiphiles, which are often used in consumer products to reduce friction against human skin. For example, amphiphiles are often incorporated into diapers to prevent chafing.

"We set out to develop a model that would give us a detailed fundamental understanding of how different amphiphiles affect the surface friction of different materials," says Lilian Hsiao, corresponding author of a paper on the work and an associate professor of chemical and biomolecular engineering at North Carolina State University. "The model helps us understand the molecular basis for friction reduction and can be used by engineers to tailor a material's properties for different applications."

"We then began a series of experiments to explore whether we could use amphiphiles to modify materials and incorporate them into haptic energy harvesters," says Saad Khan, co-corresponding author and INVISTA Professor of Chemical and Biomolecular Engineering at NC State. "Specifically, we wanted to know if we could create energy from friction in amphiphile-modified materials. It turns out we could not only generate electricity, but we could do so while also reducing the friction that people wearing these materials experience."

In other words, the researchers found they could use amphiphiles to create wearable fabrics with slippery surfaces that feel good against human skin.

The researchers also found that some amphiphiles have electronic properties that allow them to "donate" electrons. And when the researchers incorporated those electron-donating amphiphiles into the wearable materials, the end result was a material that was both comfortable and capable of generating electricity through friction produced by rubbing against human skin or other materials.

"The technology for harvesting static energy is well established but devices that can be worn for long periods of time are still missing." Hsiao says. "In our proof-of-concept testing, we found these amphiphile materials not only feel good on the skin but could generate up to 300 volts, which is remarkable for a small piece of material."

"An optimal balance between friction needed to generate power and maintaining the comfort of the wearer is paramount in designing haptic technologies and amphiphile chemistry offers a facile way to do so," Khan says. "We're interested in doing more to make use of these materials, such as exploring how they can be incorporated into existing haptic devices. And we're open to working with industry partners on identifying new applications."

The paper, "Compressing Slippery Surface-Assembled Amphiphiles for Tunable Haptic Energy Harvesters," will be published Sept. 15 in the journal Science Advances. First author of the paper is Pallav Jani, a Ph.D. graduate of NC State. The paper was co-authored by Kushal Yadav, another Ph.D. student at NC State, Maryanne Derkaloustian and Charles Dhong of the University of Delaware, and by Hilmar Koerner, who leads the Polymer Matrix Composites Program at the Air Force Research Laboratory.

This work was done with support from the Nonwovens Institute under project 18-224SB; the National Science Foundation under CAREER award number 2042635; the AFRL under the Summer Faculty Fellowship Program; the Sloan Research Fellowship under grant number FG-2022-18336; the Dreyfus Foundation, under grant number TC-22-038; the National Institutes of Health under grant R01EY032584-02; and the National Eye Institute under grant 5R01EY032584-03.
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Ultrasound-directed microbubbles could boost immune response against tumors | ScienceDaily
A new paper by a team of Concordia researchers from the departments of Biology and Physics proposes a novel method of fighting cancer tumours that uses ultrasound-guided microbubbles -- a technology already widely used in medical imaging and drug delivery.


						
Writing in the journal Frontiers in Immunology, the researchers describe a process that uses ultrasound to modify the behaviour of cancer-fighting T cells by increasing their cell permeability. They examined how this can influence the release of more than 90 kinds of cytokines, a type of signalling molecule crucial for immune response.

The researchers targeted freshly isolated human immune cells with tightly focused ultrasound beams and clinically approved contrast agent microbubbles. When hit with the ultrasound, the bubbles vibrate at extremely high frequency, acting as a push-pull on the walls of the T cell's membranes. This can mimic the T cell's natural response to the presence of an antigen. The T cell then begins to secrete vital signalling molecules that would otherwise be restricted by the tumour's hostile microenvironment. The process does not damage the cell itself.

"We're combining the use of ultrasound and microbubbles to help modulate brain immunology with the emerging field of cancer immunotherapy, which is the harnessing of our own immune cells to fight cancer," says Brandon Helfield, an associate professor of biology and physics and the paper's supervising author.

Reactivating cells

This approach directly confronts one of the major challenges to the body's natural response to cancer: the tumour's ability to deactivate T cells from producing cytokines and other proteins of interest once they enter the tumour itself.

"The microbubbles can re-activate the cells that have been turned off inside the tumour," says the paper's lead author, PhD candidate Ana Baez. "This process will help them release the proteins that are needed to grow additional immune and blood cells, which creates a positive feedback loop."

The changes to cytokine secretion were found to be time dependent. The amount of cytokines increased between 0.1 to 3.6 times compared to untreated cells over 48 hours. Additionally, the researchers noticed that when the ultrasound made the cell membranes more permeable, the amount of cytokines released generally went down.




While only preliminarily shown through benchtop experiments, the authors hope that this study will deepen their understanding of the different pathways chemicals in the body's immune system use to fight cancer. At the same time, they believe this avenue of research will improve and complement existing cancer treatments and cellular therapies.

"We already use microbubbles clinically as image-guided tools," says Helfield, Tier II Canada Research Chair in Molecular Biophysics in Human Health. "In the future, we could manipulate the beam to go from imaging to a therapeutic sequence. This would localize the effect on the T cells so you are only activating the ones where the beam is."

"We may also be able to include cancer-fighting drugs that target the tumour in the treatment," Baez adds. "The technique is completely non-invasive, so we can always repeat it."

Davindra Singh, Stephanie He, Mehri Hajiaghayi, Fatemeh Gholizadeh and Peter Darlington contributed to this study.

This work was supported by the Canada Research Chairs Program, the Cancer Research Society and the Canadian Institutes of Health Research (CIHR).
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This quasar may have helped turn the lights on for the universe | ScienceDaily
A Yale-led team of astronomers has detected an intensely brightening and dimming quasar that may help explain how some objects in the early universe grew at a highly accelerated rate.


						
The discovery, announced Jan. 14 at the winter meeting of the American Astronomical Society, is the most distant object detected by the NuSTAR X-ray space telescope (which launched in 2012) and stands as one of the most highly "variable" quasars ever identified.

"In this work, we have discovered that this quasar is very likely to be a supermassive black hole with a jet pointed towards Earth -- and we are seeing it in the first billion years of the universe," said Lea Marcotulli, a postdoctoral fellow in astrophysics at Yale and lead author of a new study published Jan. 14 in The Astrophysical Journal Letters.

Quasars are among the oldest, brightest objects in the universe. Formed from active galactic nuclei (AGN) -- areas at the center of galaxies where a black hole is drawing in matter -- quasars emit electromagnetic radiation that can be spotted in radio, infrared, visible, ultraviolet, X-ray, and gamma-ray wavelengths. This "visibility" has made quasars a helpful proxy for trying to understand the structure and evolution of the cosmos.

For example, astronomers look to quasars to study reionization, a period less than a billion years after the Big Bang when electrically neutral hydrogen atoms became charged and the first generation of stars lit up the universe.

"The epoch of reionization is considered the end of the universe's dark ages," said Thomas Connor, an astronomer at the Chandra X-Ray Center and co-corresponding author of the study. "The precise timeline and source class responsible for reionization are still debated, and actively accreting supermassive black holes are one proposed culprit."

For the study, the researchers compared NuSTAR observations of a distant quasar -- designated J1429+5447 -- with unrelated observations of four months earlier by the Chandra X-ray telescope. The researchers found that the quasar's X-ray emissions had doubled in that very short time (due to relativistic effects, the four months on Earth corresponded to only two weeks for the quasar).




"This level of X-ray variability, in terms of intensity and rapidity, is extreme," said Meg Urry, the Israel Munson Professor of Physics and Astronomy in Yale's Faculty of Arts and Sciences and co-author of the study. "It is almost certainly explained by a jet pointing toward us -- a cone in which particles are transported up to a million light years away from the central, supermassive black hole. Because the jet moves at nearly the speed of light, effects of Einstein's theory of special relativity speed up and amplify the variability."

The researchers said their findings offer crucial, much-needed information for astronomers studying reionization. It may also point astronomers toward other supermassive black hole candidates from the early universe.

"Finding more supermassive black holes that are potentially hosting jets raises the question as to how these black holes grew so big in such a short timescale, and what the connection may be to jet triggering mechanisms," Marcotulli said.

NASA supported the research.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250115164904.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Crash tests, emergency brake assistants and night bans: How automated lawnmowing is becoming hedgehog-proof | ScienceDaily
Night-time collisions with robotic lawnmowers are a significant animal welfare and conservation problem for hedgehogs as these often suffer serious or even fatal injuries. In order to make the operation of robotic lawnmowers hedgehog-safe, the Leibniz Institute for Zoo and Wildlife Research (Leibniz-IZW), the specialist crash test company CTS and the computer magazine c't are developing special hedgehog dummies and standardised tests to prevent fatal collisions. National and international experts will be discussing the latest developments in this project and many other topics related to hedgehog research, animal welfare and conservation at two conferences organised by the Leibniz-IZW in Berlin from January 16 to 19, 2025.


						
In October 2024, Leibniz-IZW, CTS and c't carried out tests on prototypes of hedgehog dummies to assess their similarity to real hedgehogs. These dummies should not necessarily look like real hedgehogs to the human eye, but should "behave" identically when a robotic lawnmower approaches and collides with them, so that realistic and standardised safety tests for the mowers can be carried out. In the test series, the team compared a prototype developed by CTS with real, already deceased hedgehogs collected at the Leibniz-IZW. The dummies have a 3D-printed internal skeleton, can be heated to hedgehog body temperature, have different sizes and shapes (curled and uncurled) and resemble hedgehogs as closely as possible in appearance, weight-to-size ratio, mobility and flexibility -- so that in future they can be used in tests on all robotic mower models regardless of their object detection sensor technology (laser, ultrasound, optical, thermal imaging or contacts in the bumper) to assess the extent to which these models can recognise hedgehogs. Accurate design, correct weight and stability are essential, especially for mechanical detection with impact sensors. In addition to testing the detection of hedgehogs, the injuries of the hedgehog carcasses and the dummies in the event of identical (forced) robotic mower accidents were analysed.

"The tests revealed a close resemblance between the injuries of the hedgehog carcasses and the dummies during the forced collisions," says hedgehog expert Dr Anne Berger from the Leibniz-IZW. "However, the dummies are still a little too heavy and inflexible compared to real hedgehogs and will still undergo some improvements in the coming months. The team will carry out final tests again in spring 2025 and finalise the dummies." Berger and her colleagues at CTS and c't are working towards the introduction of an SI-DIN standard in Germany, which would make standardised crash tests for robotic lawnmowers with these dummies mandatory for all brands and models on the market. The tests will demonstrate the extent to which each robot mower model is able to reliably detect hedgehogs and initiate evasive manoeuvres or emergency braking.

In the past, Berger and her colleagues have conducted extensive empirical investigations on hedgehog cuts caused by robotic lawnmowers. For example, they analysed 370 cases of cut injuries reported throughout Germany and found that their occurrence was evenly distributed across the days of the week. "This is a clear indication that robotic lawn mowers are often the cause of these injuries, as these devices are the only ones that can legally be used on a Sunday," says Berger. Almost half of the animals found and reported (at 47%) did not survive the injury. Hedgehog rescue centres also report a steady increase in the number of cases of injured hedgehogs, which indicates a growing conservation problem in the context of declining hedgehog populations in Germany. "We furthermore suspect that a high number of cases of injured or deceased hedgehogs are not even found or reported," says Berger.

As hedgehogs sometimes have to live for a longer period of time with the injuries they suffer and such animal suffering is prohibited by law -- provided there are alternatives that do not cause the same level of pain or harm -- scientists such as Berger are working with partners in Germany and elsewhere to develop such alternatives. One of these are robotic mowers, which can and must prove in standardised tests that they can reliably detect hedgehogs and avoid them.

However, there are also other promising -- and even faster ways -- to improve the protection of hedgehogs, says Berger. A ban on the use of robotic lawnmowers at night, as some local authorities in Germany have already implemented, would significantly reduce the risk to hedgehogs. Unsupervised operation at night is particularly dangerous for hedgehogs, as they are nocturnal and do not run away from danger, but remain stationary and as quiet as possible. If they are run over and are injured by the robots, they will -- if they still can -- silently seek the protection of hedges and bushes so as not to attract the attention of predators, for whom they would then be easy prey. Unfortunately, even minor cuts can lead to severe inflammation or the laying of fly eggs in the wounds later and thus, if left untreated, to death.

From January 16th to 19th, 2025, national and international hedgehog experts will meet for two conferences at the invitation of the Leibniz-IZW in Berlin. The "10th Meeting of the European Hedgehog Research Group" on 16 and 17 January will focus on new research perspectives on hedgehogs, for example on genetics, diseases and parasites, as well as on risks, population development and conservation. This will be followed on January 18 and 19 by the "2. Austausch- und Weiterbildungs-Veranstaltung fur Igel- und Wildtierpflegestationen," an exchange and training meeting for German hedgehog and wildlife care stations at which topical practical problems in the care of hedgehogs and other wildlife will be discussed and scientific information provided. The meeting also serves to improve networking amongst the various hedgehog and wildlife rescue centres in German-speaking countries and thus increase the impact of each individual centre's work to protect the animals.

The latest findings from the dummy crash tests by Leibniz-IZW, CTS and c't will be presented to the community at the conferences and discussed with the experts present. At the next meeting of the hedgehog community from Germany and Europe, DIN-certified safety tests may already be a topic of the sessions.
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Super-Earth vs. Sub-Neptune? The winner is Super-Venus! | ScienceDaily
New observational data from the James Webb Space Telescope and simulation models have confirmed a new type of planet unlike anything found in the Solar System. This provides another piece of the puzzle to understand how planets and planetary systems form.


						
To date, more than 5000 exoplanets have been confirmed around stars other than the Sun. Many exoplanets are unlike any of the planets in the Solar System, making it difficult to guess their true natures. One of the most common types of exoplanets falls in a size range between Earth and Neptune. Astronomers have debated whether these planets are Earth-like rocky planets with thick hydrogen-rich atmospheres, or Neptune-like icy planets surrounded by water-rich atmospheres, called water worlds. Previous studies have been confounded by layers of high thick clouds, which seem to be common on this type of planet, and make it difficult to study the atmosphere below the cloud deck.

An international team of researchers led by Everett Schlawin at the University of Arizona and Steward Observatory and Kazumasa Ohno at the National Astronomical Observatory of Japan used the James Webb Space Telescope to peer through the clouds on an example of this kind of exoplanet known as GJ 1214 b. Located only 48 light years from the Solar System, in the direction of the constellation Ophiuchus, GJ 1214 b is the easiest example of this planet to study.

Instead of a hydrogen rich super-Earth, or a water world, the new data revealed concentrations of carbon-dioxide (CO2) comparable to the levels found in the dense CO2 atmosphere of Venus in the Solar System. But there were still many uncertainties in the new data. "The detected CO2 signal from the first study is tiny, and so it required careful statistical analysis to ensure that it is real," explains Ohno. "At the same time, we needed the physical and chemical insights to extract the true nature of GJ 1214 b's atmosphere from Schlawin's study." Then Ohno took the lead, using theoretical models to run a plethora of "what if" scenarios about the atmosphere of the planet. Out of all of these models, the ones which best fit the data all suggest a carbon-dominated atmosphere, like a "super-Venus."

Although fascinating, the atmospheric signature detected in this work is very small. Schlawin compares it to reading a book, "It's equivalent to Leo Tolstoy's War and Peace. If I gave you two copies and changed one sentence in one of the books, could you find that sentence?" The team stresses the need for future studies to confirm and expand their findings about this common yet mysterious type of exoplanet.
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Not all Hot Jupiters orbit solo | ScienceDaily
Hot Jupiters are giant planets initially known to orbit alone close to their star. During their migration towards their star, these planets were thought to accrete or eject any other planets present. However, this paradigm has been overturned by recent observations, and the final blow could come from a new study led by the University of Geneva (UNIGE). A team including the National Centre of Competence in Research (NCCR) PlanetS, the Universities of Bern (UNIBE) and Zurich (UZH) and several foreign universities has just announced the existence of a planetary system, WASP-132, with an unexpected architecture. It not only contains a Hot Jupiter but also an inner Super-Earth and an icy giant planet. These results are published in Astronomy & Astrophysics.


						
Hot Jupiters are planets with masses similar to that of Jupiter, but orbit close to their star, at a much smaller distance than Mercury is to the Sun. It is difficult for these giant planets to form where they are observed, because there is not enough gas and dust close to the star. They must therefore form far from it and migrate as the planetary system evolves.

Until recently, astronomers observed that Hot Jupiters were isolated around their star, with no other planets in their vicinity. This observation seemed all the more solid as there was a theory to explain it. The processes involved in the migration of giant planets towards their star lead to the accretion or ejection of any planets in an inner orbit. But recent observations suggest other scenarios.

A team led by the Astronomy Department of the UNIGE Faculty of Science, in partnership with UNIBE and UZH, as part of the NCCR PlanetS, and with other international institutions such as the University of Warwick, has just confirmed this trend. The scientists have discovered the existence of a multi-planetary system made up of a Hot Jupiter, an inner Super-Earth (even closer to the star than the hot Jupiter) and an outer massive giant planet (much further away from the star than the Hot Jupiter). If Hot Jupiters are not always alone in their planetary system, then their migration process must be different in order to preserve the architecture of the system.

A unique multi-planetary system

The WASP-132 system is a unique multi-planetary system. It contains a Hot Jupiter that orbits its star in 7 days and 3 hours; a Super-Earth (a rocky planet 6 times the mass of the Earth) that orbits the star in just 24 hours and 17 minutes; and a giant planet (5 times the mass of Jupiter) that orbits the host star in 5 years. In addition, a much more massive companion, probably a brown dwarf (a celestial body whose mass is between that of a planet and that of a star), orbits at a very long distance.

''The WASP-132 system is a remarkable laboratory for studying the formation and evolution of multi-planetary systems. The discovery of a Hot Jupiter alongside an inner Super-Earth and a distant giant planet calls into question our understanding of the formation and evolution of these systems,'' says Francois Bouchy, associate professor in the Department of Astronomy at the UNIGE Faculty of Science and co-author of the study. ''This is the first time we have observed such a configuration!,'' adds Solene Ulmer-Moll, a postdoctoral researcher at UNIGE and UNIBE at the time of the study and co-author of the paper.




Eighteen years of observation

For exoplanetologists, the story of the star WASP-132 began in 2006, as part of the Wide-Angle Search for Planets (WASP) program. In 2012, the accumulation of more than 23,000 photometric measurements made it possible to identify a planetary candidate, WASP-132b, with a radius of 0.87 times Jupiter's and an orbital period of 7.1 days. In 2014, the CORALIE spectrograph, installed on the Swiss Euler telescope and led by the UNIGE, began a campaign to monitor this candidate. In 2016, WASP-132b was confirmed and its mass was measured to be equal to 0.41 Jupiter masses. Furthermore the CORALIE measurements indicate the presence of another giant planet with a very long period.

Around the same star, at the end of 2021, the TESS space telescope revealed the signal from a transiting Super-Earth with a diameter of 1.8 Earth radii and a period of only 1.01 days. In the first half of 2022, the HARPS spectrograph at the La Silla observatory measured the mass of this Super-Earth, which is six times the mass of Earth, as part of a program led by David Armstrong from the University of Warwick.

''The detection of the inner Super-Earth was particularly exciting,'' explains Nolan Grieves, a postdoctoral researcher in the Department of Astronomy at the UNIGE Faculty of Science at the time of the study, and first author of the paper. ''We had to carry out an intensive campaign using HARPS and optimised signal processing to characterise its mass, density and composition, revealing a planet with a density similar to that of the Earth''.

Observations of WASP-132 are not over yet, however, as ESA's Gaia satellite has been measuring the minute variations in the positions of stars since 2014, with an aim to reveal their planetary companions and outer brown dwarfs.

A new understanding of planet formation

The discovery of an outer cold giant planet and an inner Super-Earth adds another layer of complexity to the WASP-132 system. The standard hypothesis of migration by dynamical perturbation of the Hot Jupiter towards the interior does not hold, as this would have destabilised the orbits of the other two planets. Instead, their presence suggests a more stable and dynamically ''cool'' migration path in a proto-planetary disc for the hot Jupiter, preserving its neighbours.

The combination of precise radius and mass measurements has also made it possible to determine the density and internal composition of the planets. The Hot Jupiter WASP-132b reveals a heavy element enrichment of around 17 Earth masses, in agreement with models of gas giant formation. The Super-Earth has a composition dominated by metals and silicates that is fairly similar to that of the Earth.

''The combination of a Hot Jupiter, an inner Super-Earth and an outer giant planet in the same system provides important constraints on theories of planet formation and in particular their migration processes,'' concludes Ravit Helled, professor at the UZH and co-author of the study. ''WASP-132 demonstrates the diversity and complexity of multi-planetary systems, underlining the need for very long-term, high-precision observations.''
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Land ahoy! Experiments at GSI/FAIR reveal the shoreline of the island of stability of super-heavy elements | ScienceDaily
A team of researchers from GSI/FAIR, Johannes Gutenberg University Mainz and the Helmholtz Institute Mainz has succeeded in exploring the limits of the so-called island of stability within the superheavy nuclides more precisely by measuring the superheavy rutherfordium-252 nucleus, which is now the shortest-lived known superheavy nucleus. The results were published in the journal Physical Review Letters and highlighted as an "Editor's suggestion."


						
The strong force ensures cohesion in atomic nuclei consisting of protons and neutrons. However, as the positively charged protons repel each other, nuclei with too many protons are at risk of splitting -- a challenge in the production of new, superheavy elements. Certain combinations of protons and neutrons, the so-called "magic numbers," give nuclei additional stability. When taking these magic combinations into account, theoretical works dating back to the 1960s predict an island of stability in the sea of unstable superheavy nuclei, where very long lifetimes could be achieved, even approaching the age of the Earth.

The concept of this island has since been confirmed, with the observation of increasing half-lives in the heaviest currently known nuclei as the predicted next magic number of 184 neutrons is approached. However, the location of the peak of this island, its height (reflecting the maximum expected half-life), and also the island's extension are still unknown. Researchers at GSI/FAIR in Darmstadt, the Johannes Gutenberg University Mainz (JGU) and the Helmholtz Institute Mainz (HIM) have now come a step closer to mapping this island, by discovering the shortest-lived superheavy nucleus known thus far, which marks the position of the island's shoreline in nuclei of rutherfordium (Rf, element 104).

To allow experimental detection, the minimum lifetime of superheavy nuclei is on the order of a millionth of a second, which renders extremely short-lived superheavy nuclei in the vicinity of sea of instability inaccessible. But there is a trick: Sometimes, excited states, stabilized by quantum effects, show longer lifetimes and open a doorway to the short-lived nuclei. "Such long-lived excited states, so-called isomers, are widespread in superheavy nuclei of deformed shape according to my calculations," says Dr. Khuyagbaatar Jadambaa, first author of the publication from GSI/FAIR's research department for superheavy element chemistry. "Thus, they enrich the picture of the island of stability with 'clouds of stability' hovering over the sea of instability."

The research team from Darmstadt and Mainz succeeded in examining these predictions by searching for the hitherto unknown nucleus Rf-252. The researchers used an intense beam of titanium-50 available at the GSI/FAIR's UNILAC accelerator to fuse titanium nuclei with lead nuclei supplied on a target foil. The fusion products were separated in the TransActinide Separator and Chemistry Apparatus TASCA. They implanted into a silicon detector after a flight-time of about 0.6 microseconds. This detector registered their implantation as well as their subsequent decay.

In total, 27 atoms of Rf-252 decaying by fission with a half-life of 13 microseconds were detected. Thanks to the fast digital data acquisition system developed by GSI/FAIR's Experiment Electronics department, electrons emitted after the implantation of the isomer Rf-252m and released in its decay to the ground state, were detected. Three such cases were registered. In all cases, a subsequent fission followed within 250 nanoseconds. From these data, a half-life of 60 ns was deduced for the ground-state of Rf-252, which is now the shortest-lived superheavy nucleus currently known.

"The result decreases the lower limit of the known lifetimes of the heaviest nuclei by almost two orders of magnitude, to times that are too short for direct measurement in the absence of suitable isomer states. The present findings set a new benchmark for further exploration of phenomena associated with such isomer states, inverted fission-stability where excited states are more stable than the ground state, and the isotopic border in the heaviest nuclei." says Professor Christoph E. Dullmann, head of the research department for superheavy element chemistry at GSI/FAIR.

In future experimental campaigns, the measurement of isomeric states with inverted fission stability in the next heavier element seaborgium (Sg, element 106) is envisioned and to be used for the synthesis of Sg istopes with lifetimes below a microseconds in order to further map the isotopic border. The result also opens new perspectives for the international facility FAIR (Facility for Antiproton and Ion Research), which is currently under construction in Darmstadt.
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Three tiny 'stellar-ghost-town' galaxies discovered | ScienceDaily
By combining data from the DESI Legacy Imaging Surveys and the Gemini South telescope, astronomers have investigated three ultra-faint dwarf galaxies that reside in a region of space isolated from the environmental influence of larger objects. The galaxies, located in the direction of NGC 300, were found to contain only very old stars, supporting the theory that events in the early Universe cut star formation short in the smallest galaxies.


						
Ultra-faint dwarf galaxies are the faintest type of galaxy in the Universe. Typically containing just a few hundred to a thousand stars -- compared with the hundreds of billions that make up the Milky Way -- these small diffuse structures usually hide inconspicuously among the many brighter residents of the sky. For this reason, astronomers have previously had the most luck finding them nearby, in the vicinity of our own Milky Way Galaxy.

But this presents a problem for understanding them; the Milky Way's gravitational forces and hot corona can strip away the dwarf galaxies' gas and interfere with their natural evolution. Additionally, further out beyond the Milky Way, ultra-faint dwarf galaxies increasingly become too diffuse and unresolvable for astronomers and traditional computer algorithms to detect.

That's why a manual, by-eye search by University of Arizona astronomer David Sand was needed to discover three faint and ultra-faint dwarf galaxies located in the direction of spiral galaxy NGC 300 and the Sculptor constellation. "It was during the pandemic," recalls Sand. "I was watching TV and scrolling through the DESI Legacy Survey viewer, focusing on areas of sky that I knew hadn't been searched before. It took a few hours of casual searching, and then boom! They just popped out."

The images uncovered by Sand were taken for the DECam Legacy Survey (DECaLS), one of three public surveys, known as the DESI Legacy Imaging Surveys [1], that jointly imaged 14,000 square degrees of sky to provide targets for the ongoing Dark Energy Spectroscopic Instrument (DESI) Survey. DECals was conducted using the 570-megapixel Department of Energy-fabricated Dark Energy Camera (DECam), mounted on the U.S. National Science Foundation (NSF) Victor M. Blanco 4-meter Telescope at Cerro Tololo Inter-American Observatory (CTIO) in Chile, a Program of NSF NOIRLab.

The Sculptor galaxies, as they are referred to in the paper, are among the first ultra-faint dwarf galaxies found in a pristine, isolated environment free from the influence of the Milky Way or other large structures. To investigate the galaxies further, Sand and his team used the Gemini South telescope, one half of the International Gemini Observatory, partly funded by the NSF and operated by NSF NOIRLab. The results from their study are presented in a paper appearing in The Astrophysical Journal Letters, as well as at a press conference at the AAS 245 meeting in National Harbor, Maryland.

Gemini South's Gemini Multi-Object Spectrograph (GMOS) captured all three galaxies in exquisite detail. An analysis of the data showed that they appear to be empty of gas and contain only very old stars, suggesting that their star formation was stifled a long time ago. This bolsters existing theories that ultra-faint dwarf galaxies are stellar 'ghost towns' where star formation was cut off in the early Universe.




This is exactly what astronomers would expect for such tiny objects. Gas is the crucial raw material required to coalesce and ignite the fusion of a new star. But ultra-faint dwarf galaxies just have too little gravity to hold onto this all-important ingredient, and it is easily lost when they are buffeted by the dynamic Universe they are part of.

But the Sculptor galaxies are far from any larger galaxies, meaning their gas could not have been removed by giant neighbors. An alternative explanation is an event called the Epoch of Reionization -- a period not long after the Big Bang when high-energy ultraviolet photons filled the cosmos, potentially boiling away the gas in the smallest galaxies. Another possibility is that some of the earliest stars in the dwarf galaxies underwent energetic supernova explosions, emitting ejecta at up to 35 million kilometers per hour (about 20 million miles per hour) and pushing the gas out of their own hosts from within.

If reionization is responsible, these galaxies would open a window into studying the very early Universe. "We don't know how strong or uniform this reionization effect is," explains Sand. "It could be that reionization is patchy, not occurring everywhere all at once. We've found three of these galaxies, but that isn't enough. It would be nice if we had hundreds of them. If we knew what fraction was affected by reionization, that would tell us something about the early Universe that is very difficult to probe otherwise."

"The Epoch of Reionization potentially connects the current day structure of all galaxies with the earliest formation of structure on a cosmological scale," says Martin Still, NSF program director for the International Gemini Observatory. "The DESI Legacy Surveys and detailed follow-up observations by Gemini allow scientists to perform forensic archeology to understand the nature of the Universe and how it evolved to its current state."

To speed up the search for more ultra-faint dwarf galaxies, Sand and his team are using the Sculptor galaxies to train an artificial intelligence system called a neural network to identify more. The hope is that this tool will be able to automate and accelerate discoveries, offering a much vaster dataset from which astronomers can draw stronger conclusions.

Notes

[1] The DESI Legacy Imaging Surveys data are served to the astronomical community via the Astro Data Lab at NSF NOIRLab's Community Science and Data Center (CSDC).
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Engineers develop breakthrough method for aluminum surfaces, enabling advancements in cooling, self-cleaning and anti-icing technologies | ScienceDaily
An international team of engineers has developed an innovative, scalable method for creating topography-patterned aluminum surfaces, enhancing liquid transport properties critical for applications in electronics cooling, self-cleaning technologies and anti-icing systems. The research, published recently in Langmuir and conducted by groups at Rice University and the University of Edinburgh as part of the Rice-Edinburgh Strategic Collaboration Awards program, demonstrates how cost-effective vinyl masking techniques can produce surfaces with high-resolution wettability contrast, paving the way for improved phase-change heat transfer applications.


						
The research team developed a novel technique using blade-cut vinyl masking and commercially available lacquer resin combined with scalable physical and chemical surface treatments to create patterned aluminum surfaces. These surfaces exhibit distinct wettability contrasts, significantly improving the droplet shedding during condensation. The patterns, with feature sizes as small as 1.5 mm, offer a range of wettability behaviors -- from superhydrophobic to hydrophilic -- depending on the treatment.

"This method represents an important step in tailored surface engineering," said Daniel J. Preston, assistant professor of mechanical engineering at Rice and a co-corresponding author of the paper along with Geoff Wehmeyer, assistant professor of mechanical engineering at Rice, and Daniel Orejon from the University of Edinburgh. "By enabling precise control over surface wettability and thermal properties, we are opening new doors for scalable manufacturing of advanced heat transfer surfaces."

The research employed a multistep methodology to develop and analyze the patterned aluminum surfaces. Vinyl masks were first applied to polished aluminum substrates, followed by a two-step etching process that created micro- and nanotextured zones. The team then used advanced imaging techniques to characterize the patterns' resolution and wettability properties. To evaluate performance, condensation visualization experiments demonstrated enhanced droplet shedding on the patterned surfaces compared to homogeneous ones. Additionally, thermal emissivity mapping using infrared thermography revealed significant contrasts in emissivity between smooth and textured regions, highlighting the surfaces' potential for advanced thermal management applications.

"Aluminum is widely used in thermal management devices like heat exchangers due to its high conductivity, low density and low cost," said Wehmeyer. "Our method adds a new dimension to its functionality by integrating surface patterning that is both cost-effective and scalable, allowing engineers to fine-tune the condensation heat transfer. This work brought together expertise from Edinburgh and Rice to develop and characterize these advanced surfaces."

The findings have significant implications for industries that depend on phase-change heat transfer with applications in everyday technologies. In electronics cooling, enhanced droplet shedding reduces thermal resistances associated with large droplets during condensation, which could enable new cooling strategies for data center servers or other electronic devices that rely on effective heat dissipation to prevent overheating. Tailored thermal emissivity patterns optimize heat dissipation in high-temperature environments, benefiting systems such as automotive engines and aerospace components. Additionally, superhydrophobic regions expedite water removal, preventing ice formation on critical surfaces like airplane wings, wind turbines and power lines during freezing conditions. These advancements offer practical solutions to enhance the performance and reliability of technologies people use and depend on every day.

"Traditional methods like photolithography are typically expensive and limited to small areas," Preston said. "Our technique uses affordable, accessible materials to create intricate patterns on larger surfaces, making it suitable for industrial applications and a promising technique for designing next-generation condensers and heat exchangers."

The lead authors on the work are Trevor Shimokusu (Rice mechanical engineering doctoral graduate, now a faculty member at the University of Hawaii) and Hemish Thakkar (Rice graduate with a double major in chemistry and mechanical engineering, now a doctoral student at Princeton University).

This work was supported by the Rice-Edinburgh Strategic Collaboration Award program, a NASA Space Technology Graduate Research Opportunities award and grants from the National Science Foundation.
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Nord Stream methane spread across the southern Baltic Sea | ScienceDaily
Methane from the destroyed Nord Stream pipelines spread over a large part of the southern Baltic Sea and remained for several months. This is according to a new study by researchers from the University of Gothenburg and the Voice of the Ocean research foundation.


						
Much of the methane gas from the Nord Stream leak rose directly to the sea surface and into the atmosphere. But some methane remained below the surface and was dispersed by ocean currents.

"The results of our measurements show that methane spread to large parts of the southern Baltic Sea, from the coast of Danish Zealand in the west, to the Polish Gulf of Gdansk in the east," says Martin Mohrmann, a researcher at Voice of the Ocean, VOTO.

High-resolution measurements

The Voice of the Ocean Foundation deployed an underwater robot, known as a glider, just outside the exclusion zone around the leaks. This instrument allowed the researchers to measure methane concentrations over a large area, all the way from the surface to the depths. In addition, they continued to measure using the glider for three months after the spill. In the end, they had collected the most high-resolution measurements from the immediate area around the leaks, giving great confidence in their research results.

"To get the most robust estimations, we combined observations from the gliders with surface observations collected by our colleagues at the German research institute IOW from a ferry. It was gratifying to see how well it matched the results from University of Gothenburg's research vessel's expedition to the Nord Stream leak area too. All this together makes us feel confident that we have a really good picture of how the methane spread in the Baltic Sea, both across time and space," says Bastien Queste, oceanographer at the University of Gothenburg.

1,000 times higher

In the initial period following the pipeline explosion at the end of September 2022, methane levels in the waters were sometimes 1,000 times above normal. In some areas, abnormal concentrations of methane were measured several months after the release, before it was diluted, consumed by bacteria or escaped to the atmosphere.




"Our gliders, together with ocean modelling for the southern Baltic Sea, have given us a good picture of the areas affected by the spill. In total, we estimate that over 14 per cent of the entire Baltic Sea was exposed to methane levels that were at least five times above normal," says Martin Mohrmann.

Marine protected areas affected

The results of the study are published in Nature Communications, along with two other studies that have mapped the impact of the Nord Stream emission on the atmosphere. The researchers from VOTO and the University of Gothenburg have used their measurements to create a robust model of how the methane was dispersed in the water. The ocean currents transported the methane to 23 marine protected areas.

"We now know the areas where the methane emission may have had an impact. It will be easier to determine whether a future problem in the Baltic Sea ecosystems, for example, is related to the Nord Stream leak or not," says Bastien Queste.
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Sensor tech and water filtration: Graphene made permeable for ions | ScienceDaily
Graphene is an extremely thin, flexible and resistant material made of pure carbon. It forms layers that consist of virtually a single layer of carbon atoms. To make graphene as thick as a human hair, thousands of such layers would have to be stacked on top of each other.


						
Many researchers are working intensively on graphene. There is a good reason for this, as the special properties of the material promise new applications, for example in electronics or energy technology.

Making Graphene Permeable to Other Molecules

It is particularly interesting for scientists to be able to control the permeability of graphene for different substances: 'So-called defects can be created in the carbon lattice of graphene. These can be thought of as small holes that make the lattice permeable to gases,' says chemistry professor Frank Wurthner from Julius-Maximilians-Universitat (JMU) Wurzburg in Bavaria, Germany.

Permeability to other substances, such as ions like fluoride, chloride or bromide, has not yet been observed. 'However, this would be of fundamental scientific interest for applications such as the desalination of water, the detection or purification of mixtures of substances,' explains the Wurzburg professor.

Defect Allows Ions to Pass Through: Publication in Nature

For the first time, a team led by Frank Wurthner has now created a model system with a defect that allows the halides fluoride, chloride and bromide to pass through, but not iodide. This was achieved in a stable double layer consisting of two nanographenes that encloses a cavity. The penetrated halide ions are bound in this cavity so that the time required for entry could be measured. The results have been published in the journal Nature.




Chloride is a component of common salt, is found in seawater and plays an important role in life processes in all organisms. 'The proof of a high permeability for chloride by single-layer nanographene and a selective binding of halides in a double-layer nanographene brings some applications closer,' says Dr Kazutaka Shoyama, who initiated and led the project together with Frank Wurthner. Such applications include water filtration membranes, artificial receptors and chloride channels.

Larger Stacks of Nanographenes are the Next Goal

In the next step, the Wurzburg chemists want to build larger stacks of their nanographenes. They want to use them to investigate the flow of ions -- and thus a process that also takes place in a similar form in biological ion channels.

This research was carried out at the Institute of Organic Chemistry and the Center for Nanosystems Chemistry at JMU. The work was funded by the German Research Foundation (DFG) as part of two grants for the development of nanographenes equipped with imide groups.
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Researchers invent soft, bioelectronic sensor implant | ScienceDaily
Researchers at the University of California, Irvine and New York's Columbia University have embedded transistors in a soft, conformable material to create a biocompatible sensor implant that monitors neurological functions through successive phases of a patient's development.


						
In a paper published recently in Nature Communications, the UC Irvine scientists describe their construction of complementary, internal, ion-gated, organic electrochemical transistors that are more amenable chemically, biologically and electronically to living tissues than rigid, silicon-based technologies. The medical device based on these transistors can function in sensitive parts of the body and conform to organ structures even as they grow.

"Advanced electronics have been in development for several decades now, so there is a large repository of available circuit designs. The problem is that most of these transistor and amplifier technologies are not compatible with our physiology," said co-author Dion Khodagholy, Henry Samueli Faculty Excellence Professor in UC Irvine's Department of Electrical Engineering and Computer Science. "For our innovation, we used organic polymer materials that are inherently closer to us biologically, and we designed it to interact with ions, because the language of the brain and body is ionic, not electronic."

In standard bioelectronics, complementary transistors have been composed of different materials to account for different polarities of signals, which, in addition to being unyielding and cumbersome, present the risk of toxicity when implanted in sensitive areas. The team of researchers from UC Irvine and Columbia University worked around this problem by creating its transistors in an asymmetric fashion that enables them to be operated using a single, biocompatible material.

"A transistor is like a simple valve that controls the flow of current. In our transistors, the physical process that controls this modulation is governed by the electrochemical doping and de-doping of the channel," said first author Duncan Wisniewski, Columbia University Ph.D. candidate during the project who is now a visiting scholar in the UC Irvine Department of Electrical Engineering and Computer Science. "By designing devices with asymmetrical contacts, we can control the doping location in the channel and switch the focus from negative potential to positive potential. This design approach allows us to make a complementary device using a single material."

He added that arraying transistors into a smaller, single-polymer material greatly simplifies the fabrication process, enabling large-scale manufacturing and opportunities to expand the technology beyond the original neurological application to almost any biopotential processes.

Khodagholy, who heads the UC Irvine Translational Neuroelectronics Laboratory, which recently moved to Irvine from Columbia University, said that his team's work has the added benefit of scalability: "You can make different device sizes and still maintain this complementarity, and you can even change the material, which makes this innovation applicable in multiple situations."

Another advantage highlighted in the Nature Communications paper is that the device can be implanted in a developing animal and withstand transitions in tissue structures as the organism grows, something that is not possible with hard, silicon-based implants.




"This characteristic will make the device particularly useful in pediatric applications," said co-author Jennifer Gelinas, UC Irvine associate professor of anatomy and neurobiology as well as pediatrics, who's also a physician at Children's Hospital of Orange County.

"We demonstrated our ability to create robust complementary, integrated circuits that are capable of high-quality acquisition and processing of biological signals," Khodagholy said. Complementary, internal, ion-gated, organic electrochemical transistors "will substantially broaden the application of bioelectronics to devices that have traditionally relied on bulky, nonbiocompatible components."

Joining Khodagholy, Gelinas and Wisniewski on this project were Claudia Cea, Liang Ma, Alexander Ranschaert, Onni Rauhala and Zifang Zhao of Columbia University. The work was supported by the National Institutes of Health and the National Science Foundation.
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Researchers unlock new insights into tellurene, paving the way for next-gen electronics | ScienceDaily
To describe how matter works at infinitesimal scales, researchers designate collective behaviors with single concepts -- like calling a group of birds flying in sync a "flock" or "murmuration." Known as quasiparticles, the phenomena these concepts refer to could be the key to next-generation technologies.


						
In a recent study published in Science Advances, a team of researchers led by Shengxi Huang, associate professor of electrical and computer engineering and materials science and nanoengineering at Rice, describe how one such type of quasiparticle -- polarons -- behaves in tellurene, a nanomaterial first synthesized in 2017 that is made up of tiny chains of tellurium atoms and has properties useful in sensing, electronic, optical and energy devices.

"Tellurene exhibits dramatic changes in its electronic and optical properties when its thickness is reduced to a few nanometers compared to its bulk form," said Kunyan Zhang, a Rice doctoral alumna who is a first author on the study. "Specifically, these changes alter how electricity flows and how the material vibrates, which we traced back to the transformation of polarons as tellurene becomes thinner."

A polaron forms when charge-carrying particles such as electrons interact with vibrations in the atomic or molecular lattice of a material. Imagine a phone ringing in a packed auditorium during a lecture: Just as the audience shifts their gaze collectively to the source of the interruption, so do the lattice vibrations adjust their orientation in response to charge carriers, organizing themselves around an aura of polarization -- hence the name of the quasiparticle.

Depending on the thinness of the layer of tellurene, the magnitude of this response -- i.e., the span of the aura -- can vary significantly. Understanding this polaron transition is important because it reveals how fundamental interactions between electrons and vibrations can influence the behavior of materials, particularly in low dimensions.

"This knowledge could inform the design of advanced technologies like more efficient electronic devices or novel sensors and help us understand the physics of materials at the smallest scales," said Huang, who is a corresponding author of the paper.

The researchers hypothesized that as tellurene transitions from bulk to nanometer thickness, polarons change from large, spread-out electron-vibration interactions to smaller, localized interactions. Computations and experimental measurements backed up this scenario.




"We analyzed how the vibration frequencies and linewidths varied with thickness and correlated these with changes in electrical transport properties, complemented by the structural distortions observed in X-ray absorption spectroscopy," Zhang said. "Furthermore, we developed a field theory to explain the effects of enhanced electron-vibration coupling in thinner layers."

The team's comprehensive approach yielded deeper insight into thickness-dependent polaron dynamics in tellurene than previously available. This was possible due to both improvements in the advanced research techniques deployed and the recent development of high-quality tellurene samples.

"Our findings highlight how polarons impact electrical transport and optical properties in tellurene as it becomes thinner," Zhang said. "In thinner layers, polarons localize charge carriers, leading to reduced charge carrier mobility. This phenomenon is crucial for designing modern devices, which are continually becoming smaller and rely on thinner materials for functionality."

On the one hand, reduced charge mobility can limit the efficiency of electronic components, especially for applications that require high conductivity such as power transmission lines or high-performance computing hardware. On the other hand, this localization effect could guide the design and development of high-sensitivity sensors and phase-change, ferroelectric, thermoelectric and certain quantum devices.

"Our study provides a foundation for engineering materials like tellurene to balance these trade-offs," Huang said. "It offers valuable insights into designing thinner, more efficient devices while addressing the challenges that arise from the unique behaviors of low-dimensional materials, which is vital for the development of next-generation electronics and sensors."

The research was supported by the National Science Foundation (2246564, 1943895, 2230400, 2329111, 2118448, 2046936), the Air Force Office of Scientific Research (FA9550-22-1-0408, FA2386-21-1-4064), the Welch Foundation (C-2144) and the U.S. Department of Energy (DE-SC0020148, DE-AC02-06CH11357, DE-AC02-05CH11231, BES-ERCAP0024568, DE-AC05-00OR22725). The content herein is solely the responsibility of the authors and does not necessarily represent the official views of the funding organizations and institutions.
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Floating solar panels could support US energy goals | ScienceDaily
Federal reservoirs could help meet the country's solar energy needs, according to a new study published in Solar Energy.


						
For the study, Evan Rosenlieb and Marie Rivers, geospatial scientists at the U.S. Department of Energy National Renewable Energy Laboratory (NREL), as well as Aaron Levine, a senior legal and regulatory analyst at NREL, quantified for the first time exactly how much energy could be generated from floating solar panel projects installed on federally owned or regulated reservoirs. (Developers can find specific details for each reservoir on the website AquaPV.)

And the potential is surprisingly large: Reservoirs could host enough floating solar panels to generate up to 1,476 terawatt hours, or enough energy to power approximately 100 million homes a year.

"That's a technical potential," Rosenlieb said, meaning the maximum amount of energy that could be generated if each reservoir held as many floating solar panels as possible. "We know we're not going to be able to develop all of this. But even if you could develop 10% of what we identified, that would go a long way."

Levine and Rosenlieb have yet to consider how human and wildlife activities might impact floating solar energy development on specific reservoirs. But they plan to address this limitation in future work.

This study provides far more accurate data on floating solar power's potential in the United States. And that accuracy could help developers more easily plan projects on U.S. reservoirs and help researchers better assess how these technologies fit into the country's broader energy goals.

Floating solar panels, also known as floating PV, come with many benefits: Not only do these buoyed power plants generate electricity, but they do so without competing for limited land. They also shade and cool bodies of water, which helps prevent evaporation and conserves valuable water supplies.




"But we haven't seen any large-scale installations, like at a large reservoir," Levine said. "In the United States, we don't have a single project over 10 megawatts."

Previous studies have tried to quantify how much energy the country could generate from floating solar panels. But Levine and Rosenlieb are the first to consider which water sources have the right conditions to support these kinds of power plants.

In some reservoirs, for example, shipping traffic causes wakes that could damage the mooring lines or impact the float infrastructure. Others get too cold, are too shallow, or have sloping bottoms that are too steep to secure solar panels in place.

And yet, some hydropower reservoirs could be ideal locations for floating solar power plants. A hybrid energy system that relies on both solar energy and hydropower could provide more reliable and resilient energy to the power grid. If, for example, a drought depletes a hydropower facility's reservoir, solar panels could generate energy while the facility pauses to allow the water to replenish.

And, to build new pumped storage hydropower projects -- which pump water from one reservoir to another at a higher elevation to store and generate energy as needed -- some developers create entirely new bodies of water. These new reservoirs are disconnected from naturally flowing rivers, and no human or animal depends on them for recreation, habitat, or food (at least not yet).

In the future, the researchers plan to review which locations are close to transmission lines or electricity demand, how much development might cost at specific sites, whether a site should be avoided to protect the local environment, and how developers can navigate state and federal regulations. The team would also like to evaluate even more potential locations, including other, smaller reservoirs, estuaries, and even ocean sites.

The research was funded by the Solar Energy Technologies Office and the Water Power Technologies Office in DOE's Office of Energy Efficiency and Renewable Energy (EERE).
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SCP-Nano: A new technology to visualize nanocarriers in cells and tissues | ScienceDaily
How can we ensure that life-saving drugs or genetic therapies reach their intended target cells without causing harmful side effects? Researchers at Helmholtz Munich, Ludwig-Maximilians-Universitat (LMU) and Technical University Munich (TUM) have taken an important step to answer this question. They have developed a method that, for the first time, enables the precise detection of nanocarriers -- tiny transport vehicles -- throughout the entire mouse body at a single-cell level. This innovation, called "Single-Cell Profiling of Nanocarriers" or short "SCP-Nano," combines advanced imaging with artificial intelligence to provide unparalleled insights into the functionality of nanotechnology-based therapies. The results, published in Nature Biotechnology, pave the way for safer and more effective treatments, including mRNA vaccines and gene therapies.


						
The Role of Nanocarriers in Modern Medicine

Nanocarriers will play a central role in the next wave of life-saving medicines. They enable the targeted delivery of drugs, genes, or proteins to cells within patients. With SCP-Nano, researchers can analyze the distribution of extremely low doses of nanocarriers throughout the entire mouse body, visualizing each cell that has taken them up. SCP-Nano combines optical tissue clearing, light-sheet microscopy imaging, and deep-learning algorithms. First, whole mouse bodies are made transparent. After the three-dimensional imaging of whole mouse bodies, nanocarriers within the transparent tissues can then be identified down to the single-cell level. By integrating AI-based analysis, researchers can quantify which cells and tissues are interacting with the nanocarriers and precisely where this occurs.

Practical Applications of SCP-Nano

Examples of nanocarriers analyzed by Ali Erturk, the director of the Institute for Intelligent Biotechnologies (iBIO) at Helmholtz Munich, and his team using SCP-Nano include lipid nanoparticles (LNPs), DNA origami structures and adeno-associated viruses (AAVs). These nanocarriers are essential for modern therapeutics that address diseases at their cellular roots, each possessing unique properties that make them suitable for different applications. DNA origami structures are easily programmable and AAVs are highly efficient carriers for gene therapy. The LNPs facilitate RNA delivery, which underlies modern mRNA vaccines and a broad range of other RNA therapeutics. Using SCP-Nano, the researchers demonstrated that DNA origami structures can be preferentially targeted to the immune cells, while AAV variants target distinct brain regions and adipose tissue. Importantly, the platform also revealed that lipid nanoparticles carrying mRNA therapeutics can accumulate in heart tissue. Thus, using SCP-Nano researchers can now detect potentially problematic off-target tissues and associated toxicities before they enter clinical trials, paving the way for the development of safer mRNA therapeutics.

Visualizing Nanocarriers with Unprecedented Precision

"With SCP-Nano, we can detect nanocarriers throughout the body in incredibly low doses, down to 0.0005 mg/kg," says the study's first author, Dr. Jie Luo. "This gives us an entirely new perspective on how these tiny transport vehicles interact with organs and cells." Luo emphasizes that it is especially important that SCP-Nano can identify unwanted accumulation in the heart or liver.




The mechanism of nanocarriers is comparable to a parcel delivery service, Erturk explains: "Each nanocarrier is like a package carrying an important payload that must be delivered to the exact right apartment, not just the one next door. SCP-Nano allows us to track exactly where these packages are delivered, whether they reach their precise intended destination, or if they accidentally end up in unwanted locations."

Driving Innovation in Personalized Medicine

SCP-Nano allows researchers to precisely identify where nanocarriers accumulate and to visualize their interactions with target cells- a key requirement for safe and effective nanocarrier applications. "SCP-Nano will not only help assess the safety of existing nanocarriers but also drive the development of new, highly targeted applications," says Luo. "The platform can also help to monitor the success of mRNA therapies or detect potential side effects early."

A New Era for Drug Development and Personalized Therapies

By combining cutting-edge imaging and AI technologies, SCP-Nano offers researchers and clinicians a new level of understanding of how therapies interact with the body and can easily be extended to human tissues and organs. "Precision medicine and targeted delivery are often discussed, but scalable and effective tools for this have been limited. This new approach offers a solution to a key challenge in drug development," concludes Prof. Erturk.

With its potential to minimize side effects and enhance treatment precision, SCP-Nano marks an important step toward safer and more effective therapies in fields like cancer treatment, gene therapy, and vaccine development. This innovation not only addresses major challenges in the development of nanocarrier-based technologies but also drives the future of precision medicine.
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New training technique for highly efficient AI methods | ScienceDaily
AI applications like ChatGPT are based on artificial neural networks that, in many respects, imitate the nerve cells in our brains. They are trained with vast quantities of data on high-performance computers, gobbling up massive amounts of energy in the process. Spiking neurons, which are much less energy-intensive, could be one solution to this problem. In the past, however, the normal techniques used to train them only worked with significant limitations. A recent study by the University of Bonn has now presented a possible new answer to this dilemma, potentially paving the way for new AI methods that are much more energy-efficient. The findings have been published in Physical Review Letters.


						
Our brain is an extraordinary organ. It consumes as much energy as three LED light bulbs and weighs less than a laptop. And yet it can compose pieces of music, devise something as complex as quantum theory and philosophize about the afterlife.

Although AI applications such as ChatGPT are also astonishingly powerful, they devour huge quantities of energy while wrestling with a problem. Like the human brain, they are based on a neural network in which many billions of "nerve cells" exchange information. Standard artificial neurons, however, do this without any interruptions -- like a wire netting fence with mesh that electricity never stops flowing through.

"Biological neurons do things differently," explains Professor Raoul-Martin Memmesheimer from the Institute of Genetics at the University of Bonn. "They communicate with the help of short voltage pulses, known as action potentials or spikes." These occur fairly rarely, so the networks get by on much less energy." Developing artificial neural networks that also "spike" in this way is thus an important field in AI research.

Spiking networks -- efficient but hard to train

Neural networks must be trained if they are to be capable of completing certain tasks. Imagine you have an AI and want it to learn the difference between a chair and a table. So you show it photographs of furniture and see whether it gets the answer right or wrong. Some connections in the neural network will be strengthened and others weakened depending on the results, with the effect that the error rate decreases from one training round to the next.

After each round, this training modifies which neurons influence which other ones and to what extent. "In conventional neural networks, the output signals change gradually," says Memmesheimer, who is also a member of the Life and Health Transdisciplinary Research Area. "For example, the output signal might drop from 0.9 to 0.8. With spiking neurons, however, it's different: spikes are either there or they're not. You can't have half a spike."

You could perhaps say that every connection in a neural network comes with a controller that enables the output signal from a neuron to be dialed up or down slightly. The settings on all the controls are then optimized until the network can distinguish chairs from tables with accuracy. In spiking networks, however, the control dials are unable to modify the strength of the output signals gradually. "This means it's not so easy to fine-tune the weightings of the connections either," points out Dr. Christian Klos, Memmesheimer's colleague and first author of the study.




Whereas it was previously assumed that the usual training method (which researchers call "gradient descent learning") would prove highly problematic for spiking networks, the latest study has now shown this not to be the case. "We found that, in some standard neuron models, the spikes can't simply appear or disappear just like that. Instead, all they can essentially do is be brought forward or pushed back in time," Klos explains. The times at which the spikes appear can then be adjusted -- continuously, as it turns out -- using the strengths of the connections.

Fine-tuning the weightings of connections in spiking networks

The different temporal patterns of the spikes influence the response behavior of the neurons at which they are directed. Put simply, the more "simultaneously" a biological or a spiking artificial neuron receives signals from several other neurons, the greater the probability increases of it generating a spike on its own. In other words, the influence exerted by one neuron on another can be adjusted via both the strengths of the connections and the timings of the spikes. "And we can use the same highly efficient, conventional training method for both in the spiking neural networks that we've studied," Klos says.

The researchers have already been able to demonstrate that their technique works in practice, successfully training a spiking neural network to distinguish handwritten numbers accurately from one another. For the next step, they want to give it a much more complex job, namely understanding speech, says Memmesheimer: "Although we don't yet know what role our method will play in training spiking networks in the future, we believe it has a great deal of potential, simply because it's exact and it mirrors precisely the method that works supremely well with non-spiking neural networks."

Funding:

The study was funded by the Federal Ministry of Education and Research (BMBF) via the Bernstein Award 2014.
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Direct discharge electrical pulses for carbon fiber recycling | ScienceDaily
Carbon fiber-reinforced polymers (CFRPs) are used in the aerospace, automotive, and sports equipment industries. However, their recycling remains a major problem. In a recent study, researchers from Waseda University demonstrated a novel direct discharge electrical pulse method for the efficient, effective, and environmentally friendly separation of CFRPs to recover high-quality carbon fibers. This work is expected to pave the way for a more sustainable world.


						
The world is hurtling rapidly towards a developed future, and carbon fiber-reinforced polymers (CFRPs) play a key role in enabling technological and industrial progress. These composite materials are lightweight and highly strong, making them desirable for applications in various fields, including aviation, aerospace, automotive, wind power generation, and sports equipment.

However, recycling CFRPs presents a significant challenge, with waste management being a pressing issue. Conventional recycling methods require high-temperature heating or chemical treatments, which result in high environmental impact and elevated costs. Moreover, it has been a challenge to recover high-quality carbon fibers. In this regard, electrohydraulic fragmentation has been proposed as a promising option. In this technique, intensive shockwave impulses generated by high-voltage discharge plasmas are applied along the interfaces of different materials to separate the various components.

While this method is lucrative, can we do better? Answering this question, a team of researchers from Waseda University, led by Professor Chiharu Tokoro from the Department of Creative Science and Engineering, and including Keita Sato, Manabu Inutsuka, and Taketoshi Koita, has come up with a novel direct discharge electrical pulse method for efficiently recycling CFRPs. Their findings have been published in the journalScientific Reportson November 30, 2024.

Tokoro talks about the motivation behind their present work, stating: "In our previous studies, we had already established research expertise in generating shock waves in water using electrical pulse phenomena to efficiently fragment difficult-to-process materials. However, in applications such as lithium-ion batteries, we discovered that direct discharge, which utilizes Joule heating and vapor expansion of the material itself, is more effective for high-efficiency separation than relying on shock waves. Wenow apply this approach to CFRP, hypothesizing that it could achieve more efficient separation compared to current methods."

The direct discharge electrical pulse technique leverages Joule heat generation, thermal stress generation, and expansion force due to plasma generation, foregoing the need for heating or chemicals. The researchers compared this method with electrohydraulic fragmentation by examining the corresponding physical properties of the recovered carbon fibers, including length, tensile strength, resin adhesion, and structural degradation, as well as the energy efficiency in terms of fiber separation. They found that their new technique is more effective for carbon fiber recovery. It preserves relatively longer fibers with higher strength and also precisely separates CFRPs into individual fibers without retaining any residual resin on the surface.

Furthermore, the direct discharge approach improves energy efficiency by a factor of at least 10 compared to traditional alternatives, while reducing environmental impact and promoting resource utilization.

Therefore, this technology is anticipated to accelerate CFRP recycling, contributing significantly to the development of a sustainable society. According to Tokoro, "Our research findings have numerous applications, pertaining tothe recycling of CFRPs from spent aircraft components, automotive waste, and wind turbine blades. Thus, the present innovation supports sustainability across industries by enabling efficient resource recovery and reducing environmental impact."

Overall, this work is expected to further the United Nations Sustainable Development Goals of Industry, Innovation and Infrastructure (SDG 9) and Responsible Consumption and Production (SDG 12).




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250114125132.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



This metaphorical cat is both dead and alive -- and it will help quantum engineers detect computing errors | ScienceDaily
UNSW engineers have demonstrated a well-known quantum thought experiment in the real world. Their findings deliver a new and more robust way to perform quantum computations -- and they have important implications for error correction, one of the biggest obstacles standing between them and a working quantum computer.


						
Quantum mechanics has puzzled scientists and philosophers for more than a century. One of the most famous quantum thought experiments is that of the "Schrodinger's cat" -- a cat whose life or death depends on the decay of a radioactive atom.

According to quantum mechanics, unless the atom is directly observed, it must be considered to be in a superposition -- that is, being in multiple states at the same time -- of decayed and not decayed. This leads to the troubling conclusion that the cat is in a superposition of dead and alive.

"No one has ever seen an actual cat in a state of being both dead and alive at the same time, but people use the Schrodinger's cat metaphor to describe a superposition of quantum states that differ by a large amount," says UNSW Professor Andrea Morello, leader of the team that conducted the research, published recently in the journal Nature Physics.

Atomic cat

For this research paper, Prof. Morello's team used an atom of antimony, which is much more complex than standard 'qubits', or quantum building blocks.

"In our work, the 'cat' is an atom of antimony," says Xi Yu, lead author of the paper.




"Antimony is a heavy atom, which possesses a large nuclear spin, meaning a large magnetic dipole. The spin of antimony can take eight different directions, instead of just two. This may not seem much, but in fact it completely changes the behaviour of the system. A superposition of the antimony spin pointing in opposite directions is not just a superposition of 'up' and 'down', because there are multiple quantum states separating the two branches of the superposition."

This has profound consequences for scientists working on building a quantum computer using the nuclear spin of an atom as the basic building block.

"Normally, people use a quantum bit, or 'qubit' -- an object described by only two quantum states -- as the basic unit of quantum information," says co-author Benjamin Wilhelm.

"If the qubit is a spin, we can call 'spin down' the '0' state, and 'spin up' the '1' state. But if the direction of the spin suddenly changes, we have immediately a logical error: 0 turns to 1 or vice versa, in just one go. This is why quantum information is so fragile."

But in the antimony atom that has eight different spin directions, if the '0' is encoded as a 'dead cat', and the '1' as an 'alive cat', a single error is not enough to scramble the quantum code.

"As the proverb goes, a cat has nine lives. One little scratch is not enough to kill it. Our metaphorical 'cat' has seven lives: it would take seven consecutive errors to turn the '0' into a '1'! This is the sense in which the superposition of antimony spin states in opposite directions is 'macroscopic' -- because it's happening on a larger scale, and realises a Schrodinger cat," explains Yu.




Scalable technology

The antimony cat is embedded inside a silicon quantum chip, similar to the ones we have in our computers and mobile phones, but adapted to give access to the quantum state of a single atom. The chip was fabricated by UNSW's Dr Danielle Holmes, while the atom of antimony was inserted in the chip by colleagues at the University of Melbourne.

"By hosting the atomic 'Schrodinger cat' inside a silicon chip, we gain an exquisite control over its quantum state -- or, if you wish, over its life and death," says Dr Holmes.

"Moreover, hosting the 'cat' in silicon means that, in the long term, this technology can be scaled up using similar methods as those we already adopt to build the computer chips we have today."

The significance of this breakthrough is that it opens the door to a new way to perform quantum computations. The information is still encoded in binary code, '0' or '1', but there is more 'room for error' between the logical codes.

"A single, or even a few errors, do not immediately scramble the information," Prof. Morello says.

"If an error occurs, we detect it straight away, and we can correct it before further errors accumulate. To continue the 'Schrodinger cat' metaphor, it's as if we saw our cat coming home with a big scratch on his face. He's far from dead, but we know that he got into a fight; we can go and find who caused the fight, before it happens again and our cat gets further injuries."

The demonstration of quantum error detection and correction -- a 'Holy Grail' in quantum computing -- is the next milestone that the team will address.

The work was the result of a vast international collaboration. Several authors from UNSW Sydney, plus colleagues at the University of Melbourne, fabricated and operated the quantum devices. Theory collaborators in the USA, at Sandia National Laboratories and NASA Ames, and Canada, at the University of Calgary, provided precious ideas on how to create the cat, and how to assess its complicated quantum state.

"This work is a wonderful example of open-borders collaboration between world-leading teams with complementary expertise," says Prof. Morello.
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Just as Gouda: Improving the quality of cheese alternatives | ScienceDaily
Plant-based dairy products are a great alternative for people who avoid animal products, but manufacturers have a hard time replicating the creamy, cheesy qualities that make dairy so indulgent.


						
Scientists from the University of Guelph in Ontario and Canadian Light Source Inc. in Saskatchewan are working to produce plant-based cheese with all the characteristics of real cheese, but with better health benefits.

In Physics of Fluids, by AIP Publishing, researchers studied multiple types of plant-based proteins and how they interact with alternative cheese scaffolds.

"If you wanted to strictly only eat plant-based products, you would end up eating a lot of beans and tofu, which can be little bit boring after a while," said author Alejandro Marangoni. "Now, consumers expect essentially the same animal product but with plant-based ingredients, which is very difficult."

To create a cheesy product with the same texture as the real thing, scientists need to study a variety of physical attributes such as the melting, stretching, and oil-release upon grilling and heating.

"The behavior of milk proteins and meat proteins is reasonably well understood, but knowledge about the functionality of plant proteins is lacking," Marangoni said. "There is also a huge variety of different plant proteins, each one very different from one another."

Previous research concluded that a blend of 25% coconut oil, 75% sunflower oil, and pea protein created a desirable cheese texture. In this research, Marangoni and his team studied isolates from three proteins (lentil protein, faba bean protein, and a particular type of pea protein) and observed how the isolates interacted with the oil and with the starch matrix of the cheese alternative.

They found that increasing the coconut oil increased the hardness of cheeses, but cheese with pea protein and 25% coconut oil had the firmest texture due to their unique protein-fat interactions. This formulation matched or surpassed the melt, oil loss, and stretch of the cheese analogs made with 100% coconut oil.

Using a blend of sunflower and coconut oil decreased the saturated fat content of the cheese, creating a healthy and sustainable alternative to dairy cheeses and other plant-based cheeses.

"Ultimately we want to improve the nutrition, increase the protein content, and lower the saturated fat content of cheese alternatives," Marangoni said. "But keeping all the functionality in there, which includes the melt and the stretch of the 'cheese,' is very difficult."
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Uncurling a single DNA molecule and gluing it down helps sharpen images | ScienceDaily
Most microscopes can only illuminate objects down to a certain size before tiny features blur together. This blurring is known as the diffraction limit of light. Super-resolution imaging techniques, however, can distinguish between tiny biomolecular features, especially when thermal fluctuations are minimized.


						
Using advanced imaging techniques and precise microfluidics control to stretch out curly DNA into a straight line, research published this week in AIP Advances, from AIP Publishing, demonstrates techniques for stretching and immobilizing DNA with minimum thermal fluctuation to enable detailed analysis.

"Immobilizing the molecule essentially 'glues' it to a substrate, preventing any movement caused by thermal fluctuations," author Naoki Azuma said. "Super-resolution imaging often requires just seconds or minutes to capture the image. During this time, thermal fluctuations -- random vibrations caused by the molecule's thermal energy -- result in blurry images and decreased lateral resolution."

Researchers have previously tried sticking down one end of a DNA molecule to stretch it out, but found that the thermal fluctuations could still cause movement and blurring.

"Stretching DNA refers to the process of stretching a single DNA molecule, which is originally coiled in a random coil, into a straight line," Azuma said. "The length and structure of a single DNA molecule, its specific base sequence, and its interactions with proteins must be observed by stretching it for detailed analysis."

Azuma and his colleagues at Nagoya University experimented with ways to uncurl a DNA molecule using pressure applied to liquid flowing in a channel, with the pressure flow providing shear force that uncurled the DNA molecule. They found that controlling the flow velocity of the liquid helps fine-tune the shear force applied and allows precise adjustments of the stretch ratio of the DNA.

Controlling the stretch ratio was a key factor for accurate analysis. In the process, they also used a specialized chemical that creates chemical bonds between the DNA and a glass substrate to "glue" the DNA molecule in place.

"While it is not yet possible to directly visualize individual base pairs, these methods enable much higher precision in observing molecular-scale structures," Azuma said. "We aim to refine these methods to achieve higher fidelity in stretching and immobilizing DNA molecules for more accurate analysis."
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Green hydrogen: Big gaps between ambition and implementation | ScienceDaily
In recent years, more than 60 countries have developed strategies to stimulate the market ramp-up of hydrogen, particularly in the industrial sector. However, in 2023, less than ten percent of the originally announced green hydrogen production was realised, shows a new study published in the journal Nature Energy. The main reason: hydrogen remains expensive and there is little willingness to pay. Adrian Odenweller and Falko Ueckerdt from the Potsdam Institute for Climate Impact Research (PIK) determine this competitiveness gap for all 1232 globally announced hydrogen projects. They advocate for a robust political strategy that is based on realistic expectations for hydrogen and closes the implementation gap.


						
"Over the past three years, global project announcements for green hydrogen have almost tripled," says PIK researcher and lead author Adrian Odenweller. "However, only seven percent of the production capacity originally announced for 2023 has been completed on time during this period." According to the study, the recent problems with the market ramp-up of green hydrogen can be attributed to increased costs, a lack of willingness to pay on the demand side and uncertainties about future subsidies and regulation.

"Enormous additional subsidies of around one trillion US dollars would be required to realise all announced hydrogen projects by 2030," explains Falko Ueckerdt from PIK, "Green hydrogen will continue to have difficulties meeting the high expectations in the future due to a lack of competitiveness." However, permanent subsidies are not a solution. The two researchers therefore recommend using demand-side instruments such as binding quotas to channel green hydrogen specifically into sectors that are difficult to electrify, such as aviation, steel or chemicals. For example, according to an EU regulation, 1.2 percent of all aviation fuels must be blended with synthetic fuels based on hydrogen from 2030. This quota is set to rise to 35 percent by 2050.

Subsidy requirements far exceed announced global subsidies

In their study, the researchers quantify three key gaps between theory and practice: the past implementation gap, the future ambition gap and the future implementation gap. The first results from the difference between originally announced hydrogen projects and the projects actually realised in 2023. The ambition gap refers to the discrepancy between the amount of hydrogen that would be required by 2030 according to 1.5-degree scenarios and the projects currently announced by 2030. Although announced hydrogen projects are sufficient for the majority of the scenarios analysed, a wide implementation gap remains: The subsidies required to realise all projects by 2030 far exceed the global public financial support announced to date.

The study is based on a global and manually verified project database with 1232 green hydrogen projects announced until 2030. For each of the 14 designated end uses of the projects, the authors calculate the competitiveness gap between the green product and its fossil competitor. Together with the volume and the timing of the project announcements, this yields the subsidies required to realise all projects by 2030.

The researchers warn against fossil lock-ins, which could tie companies to fossil fuels and thus endanger climate targets. In the long term, a transition to technology-neutral market mechanisms such as carbon pricing is crucial in order to limit public costs and ensure a level playing field with other climate mitigation options. They therefore recommend a robust strategy that supports hydrogen projects in the short term through direct subsidies and demand-side regulation, but is based on realistic expectations for hydrogen.
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Self-stimulated ejection of freezing droplets, unlocking cost-effective applications in de-icing | ScienceDaily
Water droplets under freezing conditions do not spontaneously detach from surfaces as they do at room temperature due to stronger droplet-surface interaction and lack of an energy transformation pathway. Since accumulated droplets or ice have to be removed manually or with mechanical equipment, which is costly and inefficient, preventing droplet accretion on surfaces is both scientifically intriguing and practically important. Researchers at The Hong Kong Polytechnic University (PolyU) have invented a ground-breaking self-powered mechanism of freezing droplet ejection that allows droplets to shoot themselves away, paving the way for cost-efficient and promising technological applications.


						
Published in Nature Chemical Engineering as the cover feature for its last December issue, the research project "Freezing droplet ejection by spring-like elastic pillars" is led by Prof. Zuankai WANG, Associate Vice President (Research and Innovation), Kuok Group Professor in Nature-Inspired Engineering and Chair Professor of the PolyU Department of Mechanical Engineering, and Prof. Haimin YAO, Associate Professor of the PolyU Department of Mechanical Engineering. First co-authors include Postdoctoral Fellow Dr Huanhuan ZHANG, PhD student Mr Wei ZHANG, Research Assistant Professor Dr Yuankai JIN, and PhD student Mr Chenyang WU.

The discovery of the self-ejection phenomenon in freezing droplets was inspired by a fungus capable of shooting its spores away through osmosis-induced volume expansion. Noting that a similar volume expansion occurs when water droplet is freezing, the research team has replicated the self-shooting mechanism found in the fungi and developed a structured elastic surface (SES) with spring-like pillars and wetting contrast that allows for the spontaneous ejection of freezing water droplets.

The SES structure is designed to accelerate the ejection velocity and enlarge the kinetic energy transformation of freezing droplets. When the freezing droplet undergoes volume expansion, it compresses the pillar of SES. The volume expansion work is first converted to and stored as elastic energy in the pillar within tens of seconds, and then to be transformed into the droplet's kinetic energy rapidly within milliseconds. This thousandfold reduction in timescales leads to sufficient kinetic energy to drive freezing droplet ejection.

The simple SES structure, after parameter design, is effective in ejecting freezing droplets without external energy input and even against the forces of wind and gravity. It can be applied to aircraft, wind blades or cable lines to prevent hazards caused by ice accretion. Dr Huanhuan Zhang said, "It is exciting that we, for the first time, introduce a self-powered ice removal concept that will offer a wide range of innovative solutions. We will continuously improve the design of SES, allowing it to be manufactured at various scales and at a low cost to meet societal needs."

Furthermore, the theoretical model developed in the research elucidates the factors determining the successful onset of the freezing droplet ejection phenomenon, with scalable design exhibiting potential practicability in various fields.

Prof. Wang envisions, "This nature-inspired research paved the way for numerous impactful applications. We believe that the freezing droplet ejection, as a prototype, could stimulate the development of self-powered concepts and methods for a wide range of purposes such as de-icing, energy harvesting and soft robotic applications."

Specifically, droplet ejection induced by volume expansion enhances understanding of multi-phase freezing dynamics for anti-icing applications. Prof. Yao remarked,"Our research demonstrates a strategy to efficiently harness and utilise the volume expansion work of freezing droplets to generate ballistic motion. This could subsequently expand the application of energy conversion phenomena, and inspire the development of droplet-based energy generators and soft robotic catapults."
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Engineering quantum entanglement at the nanoscale | ScienceDaily
Physicists have spent more than a century measuring and making sense of the strange ways that photons, electrons, and other subatomic particles interact at extremely small scales. Engineers have spent decades figuring out how to take advantage of these phenomena to create new technologies.


						
In one such phenomenon, called quantum entanglement, pairs of photons become interconnected in such a way that the state of one photon instantly changes to match the state of its paired photon, no matter how far apart they are.

Nearly 80 years ago, Albert Einstein referred to this phenomenon as "spooky action at a distance." Today, entanglement is the subject of research programs across the world -- and it's becoming a favored way to implement the most fundamental form of quantum information, the qubit.

Currently, the most efficient way to create photon pairs requires sending lightwaves through a crystal large enough to see without a microscope. In a paper published today in Nature Photonics, a team led by Columbia Engineering researchers and collaborators, describe a new method for creating these photon pairs that achieves higher performance on a much smaller device using less energy. P. James Schuck, associate professor of mechanical engineering at Columbia Engineering, helped lead the research team.

These findings represent a significant step forward in the field of nonlinear optics, which is concerned with using technologies to change the properties of light for applications including lasers, telecommunications, and laboratory equipment.

"This work represents the embodiment of the long-sought goal of bridging macroscopic and microscopic nonlinear and quantum optics," says Schuck, who co-directs Columbia's MS in Quantum Science and Technology. "It provides the foundation for scalable, highly efficient on-chip integrable devices such as tunable microscopic entangled-photon-pair generators."

How it works

Measuring just 3.4 micrometers thick, the new device points to a future where this important component of many quantum systems can fit onto a silicon chip. This change would enable significant gains in the energy efficiency and overall technical capabilities of quantum devices.




To create the device, the researchers used thin crystals of a so-called van der Waals semiconducting transition metal called molybdenum disulfide. Then they layered six of these crystal pieces into a stack, with each piece rotated 180 degrees relative to the crystal slabs above and below. As light travels through this stack, a phenomenon called quasi-phase-matching manipulates properties of the light, enabling the creation of paired photons.

This paper represents the first time that quasi-phase-matching in any van der Waals material has been used to generate photon pairs at wavelengths that are useful for telecommunications. The technique is significantly more efficient than previous methods and far less prone to error.

"We believe this breakthrough will establish van der Waals materials as the core of next-generation nonlinear and quantum photonic architectures, with them being ideal candidates for enabling all future on-chip technologies and replacing current bulk and periodically poled crystals," Schuck says.

"These innovations will have an immediate impact in diverse areas including satellite-based distribution and mobile phone quantum communication."

How it happened

Schuck and his team built on their previous work to develop the new device. In 2022, the group demonstrated that materials like molybdenum disulfide possess useful properties for nonlinear optics -- but performance was limited by the tendency of light waves to interfere with one another while traveling through this material.




The team turned to a technique called periodic poling to counteract this problem, which is known as phase matching. By alternating the direction of the slabs in the stack, the device manipulates light in a way that enables photon pair generation at miniscule length scales.

"Once we understood how amazing this material was, we knew we had to pursue the periodic poling, which could allow for the highly efficient generation of photon pairs," Schuck says.

This work occurred within Programmable Quantum Materials, a Department of Energy energy frontier research center (EFRC) at Columbia, as part of a larger effort to understand and exploit quantum materials. This work was possible due to contributions from the Baso, Delor, and Dean labs. Postdoctoral researcher Chiara Trovatello led the effort.
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Researchers develop breakthrough one-step flame retardant for cotton textiles | ScienceDaily
Although extremely flammable, cotton is one of the most commonly used textiles due to its comfort and breathable nature. However, in a single step, researchers from Texas A&M University can reduce the flammability of cotton using a polyelectrolyte complex coating. The coating can be tailored for various textiles, such as clothing or upholstery, and scaled using the common pad-dry coating process, which is suitable for industrial applications. This technology can help to save property and lives on a large scale.


						
"Many of the materials in our day-to-day lives are flammable, and offering a solution to protect from fire benignly is difficult," said Maya D. Montemayor, a graduate student in the Department of Chemistry at Texas A&M and the publication's lead author. "This technology can be optimized to quickly, easily, and safely flame retard many flammable materials, offering vast protection in everyday life, saving money and lives of the general population."

Current studies developing flame retardant coatings deposited via polyelectrolyte complexation require two or more steps, increasing the time and cost to coat a material effectively.

In contrast, this study recently published in ACS Applied Polymer Materials hopes to achieve the same results using only one step. The researchers address this issue by incorporating a volatile base, a molecule that evaporates under ambient conditions. Using ammonia as the volatile base, the base evaporates to reduce the pH and induce complexation (a chemical reaction that forms a stable complex) on the cotton's surface. Until now, this technique has been proposed but never used to prepare a flame-retardant treatment.

This research can be utilized to deposit polyelectrolyte-based flame-retardant coatings in a scalable and efficient manner. Other positive attributes of the technology include that it is aqueous (water-based) and non-toxic, unlike many other flame-retardant treatments.

The researchers will continue evaluating this technology in partnership with companies in hopes of using their findings to protect wood, fabric, foam and other textiles.

"This cutting-edge research offers Texas A&M recognition as one of the leaders of this technology and the opportunity for further development with external companies," said Dr. Jaime Grunlan, Leland T. Jordan '29 Chair Professor in the J. Mike Walker '66 Department of Mechanical Engineering at Texas A&M. "The scope of this research positively impacts our community by improving our safety in an environmentally benign manner. TEES is licensing this and similar technologies to companies for various applications."

Other contributors to the findings include Texas A&M graduate students Danixa Rodriguez-Melendez, Dallin L. Smith, Natalie A. Vest and Bethany Palen, and Texas A&M undergraduate students Edward Chang and Alexandra V. Moran.

Funding for this research is administered by the Texas A&M Engineering Experiment Station (TEES), the official research agency for Texas A&M Engineering.
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Wind turbines impair the access of bats to water bodies in agricultural landscapes | ScienceDaily
Bats depend on open bodies of water such as small ponds and lakes for foraging and drinking. Access to water is particularly important for survival in the increasingly hot and dry summers caused by climate change, the time when female bats are pregnant and rear their young. A scientific team from the Leibniz Institute for Zoo and Wildlife Research (Leibniz-IZW) has now shown that access to drinking sites is hampered by wind turbines in agricultural landscapes: Many bat species avoid the turbines and water bodies located close to the turbines for several kilometres. These results have been published in the scientific journal Biological Conservation. 


						
In order to counteract climate change, many countries are investing in the expansion of wind energy production in order to reduce greenhouse gases such as CO2 through renewable electricity. However, the expansion of wind power production may also have negative consequences for wildlife and their habitats. This can potentially lead to some wildlife species being less able to cope with global warming. Prof Dr Christian Voigt and Dr Carolin Scholz from the Leibniz-IZW and Hannah Klein from the University of Potsdam showed in a scientific investigation of the acoustic activity of bats in agricultural landscapes that many bat species are displaced by wind turbines near smaller bodies of water. They analysed the spatial behaviour of bats belonging to the three functional guilds of open space foraging bats (that hunt above fields or the canopy of forests), narrow space foraging bats (that hunt in dense vegetations, for example below the forest canopy) and edge space foraging bats (that are specialised in foraging in transition zones such as forest edges). "We were able to clearly recognise that those bats which specialized to forage in the open space and in dense vegetation avoided water bodies when wind turbines were located near them," says Voigt. "Only species of the guild of edge space foraging bats are apparently not driven away from the water sites by the wind turbines."

The scientists placed acoustic detectors at a total of 59 small ponds that are permanently filled with water at distances of around 50 to 5,000 metres from wind turbines in northern Brandenburg, a federal state in Eastern Germany. Owing to its glacial history, the study area has more than a thousand of these small ponds, called kettle holes, kettle lakes or pothole lakes, which fulfil important ecological functions even in the intensively used agricultural landscape. "During the reproductive season in July, we measured the acoustic activity of bats at bodies of water at different distances from wind turbines. We paid attention to compare the data for similar conditions, such as a lack of rain and moderate winds," explains Scholz. "In July, the lactation period of female bats slowly comes to an end and the young are weaned from the nursery roosts, which is an energetically strenuous phase for female bats. In addition, many waterholes dry up in midsummer, which is why the bats may be more dependent on small bodies of water that contain water all year round."

The team identified a total of almost 8,400 calls of different bat species in the three bat guilds of open space hunters, narrow space hunters and edge spacer foragers. "With increasing proximity to wind turbines, the activity of open space foraging bats at water bodies decreased by 53 percent and the activity of bat species adapted to hunting in narrow vegetation decreased by 63 percent," the authors summarise. The same picture was revealed when analysing the foraging behaviour that can be identified by the acoustic detectors: It decreased by 87 and 76 percent respectively as the distance to a wind turbine decreased from 5 kilometres to virtually zero.

"There is a certain tragedy in these results, because a measure to mitigate climate change has the unfortunate side effect that certain bats are less able to cope with hot and dry summers if they are displaced from their habitats by wind turbines," says Voigt. "This emphasises once again how important it is to carefully consider the siting of wind turbines so as not to play off different objectives against each other. Habitats that are very important for species conservation should be given low priority or entirely excluded as sites for wind energy production."

The bat species studied include the common pipistrelle (Pipistrellus pipistrellus), the soprano pipistrelle (Pipistrellus pygmaeus) and the western barbastelle (Barbastella barbastellus) as representatives of edge space foraging bats, species of the genera noctule bats (Nyctalus), house bats (Eptesicus) and vesper bats (Vespertilio) as representatives of open space foraging bats, and species of the genus mouse-eared bats (Myotis) and long-eared bats (Plecotus) as representatives of narrow space foraging bats.

Bats are protected species under German nature conservation law and EU law and should also be specially protected as migratory species. This protection is conflicting with the expansion of wind energy production, because there are a significant number of direct fatalities at the turbines and the habitats of bats are impaired in many ways. Voigt's team at the IZW has been conducting research into this "'green-green conflict" between wind power expansion and bat conservation for many years.
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Hubble reveals surprising spiral shape of galaxy hosting young jet | ScienceDaily
The night sky has always played a crucial role in navigation, from early ocean crossings to modern GPS. Besides stars, the United States Navy uses quasars as beacons. Quasars are distant galaxies with supermassive black holes, surrounded by brilliantly hot disks of swirling gas that can blast off jets of material. Following up on the groundbreaking 2020 discovery of newborn jets in a number of quasars, aspiring naval officer Olivia Achenbach of the United States Naval Academy has used NASA's Hubble Space Telescope to reveal surprising properties of one of them, quasar J0742+2704.


						
"The biggest surprise was seeing the distinct spiral shape in the Hubble Space Telescope images. At first I was worried I had made an error," said Achenbach, who made the discovery during the course of a four-week internship.

"We typically see quasars as older galaxies that have grown very massive, along with their central black holes, after going through messy mergers and have come out with an elliptical shape," said astronomer Kristina Nyland of the Naval Research Laboratory, Achenbach's adviser on the research.

"It's extremely rare and exciting to find a quasar-hosting galaxy with spiral arms and a black hole that is more than 400 million times the mass of the Sun -- which is pretty big -- plus young jets that weren't detectable 20 years ago," Nyland said.

The unusual quasar takes its place amid an active debate in the astronomy community over what triggers quasar jets, which can be significant in the evolution of galaxies, as the jets can suppress star formation. Some astronomers suspect that quasar jets are triggered by major galaxy mergers, as the material from two or more galaxies mashes together, and heated gas is funneled toward merged black holes. Spiral galaxy quasars like J0742+2704, however, suggest that there may be other pathways for jet formation.

While J0742+2704 has maintained its spiral shape, the Hubble image does show intriguing signs of its potential interaction with other galaxies. One of its arms shows distortion, possibly a tidal tail.

"Clearly there is something interesting going on. While the quasar has not experienced a major disruptive merger, it may be interacting with another galaxy, which is gravitationally tugging at its spiral arm," said Nyland.

Another galaxy that appears nearby in the Hubble image (though its location still needs to be spectroscopically confirmed) has a ring structure. This rare shape can occur after a galaxy interaction in which a smaller galaxy punches through the center of a spiral galaxy. "The ring galaxy near the quasar host galaxy could be an intriguing clue as to what is happening in this system. We may be witnessing the aftermath of the interaction that triggered this young quasar jet," said Nyland.

Both Achenbach and Nyland emphasize that this intriguing discovery is really a new starting point, and there will be additional multi-wavelength analysis of J0742+2704 with data from NASA's Chandra X-ray Observatory and the Atacama Large Millimeter/submillimeter Array (ALMA) in Chile. It's also a case for keeping our eyes on the skies, said Achenbach.

"If we looked at this galaxy 20 years, or maybe even a decade ago, we would have seen a fairly average quasar and never known it would eventually be home to newborn jets," said Achenbach. "It goes to show that if you keep searching, you can find something remarkable that you never expected, and it can send you in a whole new direction of discovery."
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NASA's Hubble tracks down a 'blue lurker' among stars | ScienceDaily
The name "blue lurker" might sound like a villainous character from a superhero movie. But it is a rare class of star that NASA's Hubble Space Telescope explored by looking deeply into the open star cluster M67, roughly 2,800 light-years away.


						
Forensics with Hubble data show that the star has had a tumultuous life, mixing with two other stars gravitationally bound together in a remarkable triple-star system. The star has a kinship to so-called "blue stragglers," which are hotter, brighter, and bluer than expected because they are likely the result of mergers between stars.

The blue lurker is spinning much faster than expected, an unusual behavior that led to its identification. Otherwise it looks like a normal Sun-like star. The term "blue" is a bit of a misnomer because the star's color blends in with all the other solar-mass stars in the cluster. Hence it is sort of "lurking" among the common stellar population.

The spin rate is evidence that the lurker must have siphoned in material from a companion star, causing its rotation to speed up. The star's high spin rate was discovered with NASA's retired Kepler space telescope. While normal Sun-like stars typically take about 30 days to complete one rotation, the lurker takes only four days.

How the blue lurker got that way is a "super complicated evolutionary story," said Emily Leiner of Illinois Institute of Technology in Chicago. "This star is really exciting because it's an example of a star that has interacted in a triple-star system." The blue lurker originally rotated more slowly and orbited a binary system consisting of two Sun-like stars.

Around 500 million years ago, the two stars in that binary merged, creating a single, much more massive star. This behemoth soon swelled into a giant star, dumping some of its own material onto the blue lurker and spinning it up in the process. Today, we observe that the blue lurker is orbiting a white dwarf star -- the burned out remains of the massive merger.

"We know these multiple star systems are fairly common and are going to lead to really interesting outcomes," Leiner explained. "We just don't yet have a model that can reliably connect through all of those stages of evolution. Triple-star systems are about 10 percent of the Sun-like star population. But being able to put together this evolutionary history is challenging."

Hubble observed the white dwarf companion star that the lurker orbits. Using ultraviolet spectroscopy, Hubble found the white dwarf is very hot (as high as 23,000 degrees Fahrenheit, or roughly three times the Sun's surface temperature) and a heavyweight at 0.72 solar masses. According to theory, hot white dwarfs in M67 should be only about 0.5 solar masses. This is evidence that the white dwarf is the byproduct of the merger of two stars that once were part of a triple-star system.

"This is one of the only triple systems where we can tell a story this detailed about how it evolved," said Leiner. "Triples are emerging as potentially very important to creating interesting, explosive end products. It's really unusual to be able to put constraints on such a system as we are exploring."

Leiner's results are being presented at the 245th meeting of the American Astronomical Society in Washington, D.C.
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DNA nanorobots can alter artificial cells | ScienceDaily
Scientists at the University of Stuttgart have succeeded in controlling the structure and function of biological membranes with the help of "DNA origami." The system they developed may facilitate the transportation of large therapeutic loads into cells. This opens up a new way for the targeted administration of medication and other therapeutic interventions. Thus, a very valuable instrument can be added to the toolbox of synthetic biology. Prof. Laura Na Liu and her team published their findings in the journal Nature Materials.


						
The shape and morphology of a cell play a key role in the biological function. This corresponds to the principle of "form follows function," which is common in modern fields of design and architecture. The transfer of this principle to artificial cells is a challenge in synthetic biology. Advances in DNA nanotechnology now offer promising solutions. They allow the creation of novel transport channels that are large enough to facilitate the passage of therapeutic proteins across cell membranes. In this emerging field, scientists such as Prof. Laura Na Liu, Director of the 2nd Physics Institute at the University of Stuttgart and Fellow at the Max Planck Institute for Solid State Research (MPI-FKF), have developed an innovative tool for controlling the shape and permeability of lipid membranes in synthetic cells. These membranes are made up of lipid bilayers that enclose an aqueous compartment and serve as simplified models of biological membranes. They are useful for studying membrane dynamics, protein interactions, and lipid behavior.

A milestone in the application of DNA nanotechnology

This new tool may pave the way for the creation of functional synthetic cells. The scientific work of Laura Na Liu aims to significantly influence the research and development of new therapies. Liu and her team have succeeded in using signal-dependent DNA nanorobots to enable programmable interactions with synthetic cells. "This work is a milestone in the application of DNA nanotechnology to regulate cell behavior," Liu says. The team works with giant unilamellar vesicles (GUVs), which are simple, cell-sized structures that mimic living cells. Using DNA nanorobots, the researchers were able to influence the shape and functionality of these synthetic cells.

New transport channels for proteins and enzymes

DNA nanotechnology is one of Laura Na Liu's main research areas. She is an expert in DNA origami structures -- DNA strands that are folded by means of specifically designed shorter DNA sequences, so-called staples. The team of Liu used DNA origami structures as reconfigurable nanorobots that can reversibly change their shape and thereby influence their immediate environment in the micrometer range. The researchers found that the transformation of these DNA nanorobots can be coupled with the deformation of the GUVs and the formation of synthetic channels in the model GUV membranes. These channels allowed large molecules to pass through the membrane and can be resealed if necessary.

Fully artificial DNA structures for biological environments

"This means that we can use DNA nanorobots to design the shape and configuration of GUVs to enable the formation of transport channels in the membrane," says Prof. Stephan Nussberger, who is a co-author of this work. "It is extremely exciting that the functional mechanism of the DNA nanorobots on GUVs has no direct biological equivalent in living cells," adds Nussberger.




The new work raises new questions: Could synthetic platforms -- such as DNA nanorobots -- be designed with less complexity than their biological counterparts, which would nevertheless function in a biological environment?

Understanding disease mechanisms and improving therapies

The new study is an important step in this direction. The system of cross-membrane channels, created by DNA nanorobots, allows an efficient passage of certain molecules and substances into the cells. Most importantly, these channels are large and can be programmed to close when needed. When applied to living cells, this system can facilitate the transportation of therapeutic proteins or enzymes to their targets in the cell. It thus offers new possibilities for the administration of drugs and other therapeutic interventions. "Our approach opens up new possibilities to mimic the behavior of living cells. This progress could be crucial for future therapeutic strategies," says Prof. Hao Yan, one of the co-authors of this work.
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Sodium-ion batteries need breakthroughs to compete | ScienceDaily
Legions of battery engineers and their supporters have sought for years to build batteries cheaper than the dominant lithium-ion technology, hoping to capture some of lithium-ion's $50 billion-a-year and growing market. The latest darling contender among researchers, startups, and venture capitalists -- sodium-ion batteries -- has received much attention after COVID-induced mineral supply chain challenges sent lithium prices on a wild ride. Still, achieving a low-cost contender may be several years away for sodium-ion batteries and will require a set of technology advances and favorable market conditions, according to a new study in Nature Energy.


						
Sodium-ion batteries are often assumed to have lower costs and more resilient supply chains compared to lithium-ion batteries. Despite much potential, sodium-ion batteries still face an uphill struggle. The amount of energy they hold per pound tends to be lower than lithium-ion batteries. So, possible lower materials prices aside, the cost per unit of energy stored remains higher for sodium-ion batteries. This likely would limit widespread commercial adoption -- unless research breakthroughs can be made first. The most fertile areas for advancement are highlighted in the study, the first by a new partnership between the Stanford Doerr School of Sustainability's Precourt Institute for Energy and the SLAC-Stanford Battery Center. The new program, STEER, assesses the technological and economic potential of emerging energy technologies and advises "what to build, where to innovate, and how to invest" for the energy transition. The new study evaluated more than 6,000 scenarios to test the robustness of their roadmaps for sodium-ion battery's competitive potential.

"The price of lithium-ion batteries rose for the first time in 2022, which set off alarms for potentially needing an alternative. Sodium-ion is perhaps the most compelling near-term challenger to lithium-ion, and many battery companies announced plans of major build out of sodium-ion manufacturing, promising pathways to lower prices than the incumbent," said Adrian Yao, the study's lead author as well as the founder and team lead of STEER, which began in October 2023 with the support of three offices within the U.S. Department of Energy.

"We recognized that if, when, and how sodium-ion batteries might undercut lithium-ion on price was largely speculative, especially given that the price of lithium-ion continues to fall," said Yao, a doctoral candidate who returned to academia after eight years of being the founder and chief technology officer of a lithium-ion battery startup now producing its batteries on a large, commercial scale.

Yao's PhD co-advisors are the new study's senior authors and the co-directors of STEER: Sally Benson, the Precourt Family Professor in the Department of Energy Science & Engineering in the Doerr School of Sustainability; and William Chueh, an associate professor of materials science in the School of Engineering, of photon science at SLAC, and of energy science and engineering in the Doerr School.

"This sodium-ion study was the perfect undertaking to launch STEER as a new way to guide research and investment toward the technology roadmaps most worthy of pursuit and, perhaps more important, away from ones unlikely to be successful," Benson said.

Do's and don'ts for sodium-ion

To compete on price, specifically against a low-cost variant of the lithium-ion battery known as lithium-iron-phosphate, the study highlights several key routes for sodium-ion battery developers. Most important is to increase energy densities without the use of critical minerals. Specifically, developers should target lithium-iron-phosphate energy densities while moving away from nickel. Currently, most leading sodium-ion designs rely on the relatively expensive metal.




"Our primary objective, though, was not predicting specific years for when we expect price parity, but in surfacing the impacts of various market scenarios on the viability of competing technologies," said Chueh.

"As technologists and investors, we cannot assume that economies-of-scale will always send prices plummeting once a device reaches commercial production. Yes, there will be a learning curve, but here we quantify this curve and show that it isn't enough on its own," said Chueh, who is also the director of the Precourt Institute for Energy. "Engineering advances will likely do much more to cut sodium-ion battery costs than simply scaling production."

Such advances and new battery chemistries generally are worth pursuing, the researchers said. The Deparment of Energy's 2022 energy storage supply chain analysis notes that diversifying technologies for grid energy storage systems could increase the resiliency of the overall supply chain. Continuing to rely so heavily on lithium-ion batteries as more energy storage is needed for the global transition to sustainable energy will pose security, economic, and geopolitical risks. For example, the study simulates how the competitiveness of sodium-ion would be accelerated if supply shocks were to occur to graphite -- a critical material used in lithium-ion batteries where China controls more than 90% of the global supply. In fact, on Dec. 3, 2024 China began to significantly restrict exports of graphite to the United States, while also banning exports of three other critical minerals.

The study also identifies market forces and supply chain conditions that could hurt sodium-ion's competition with lithium-ion. For example, if lithium prices continue where they are today near historic lows, sodium-ion has a narrower set of technology routes to become price advantageous in the next decade.

"One key thing we learned from industry practitioners is that while battery cell prices are important, technologies only succeed at the systems level, say an electric vehicle or a grid-scale battery energy storage system. That's why we're now expanding our scope to provide more holistic perspectives, including understanding the cost of safety and other systems considerations," said Yao.
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New study unveils breakthrough in understanding cosmic particle accelerators | ScienceDaily
Scientists have come a step closer to understanding how collisionless shock waves -- found throughout the universe -- are able to accelerate particles to extreme speeds.


						
These shock waves are one of nature's most powerful particle accelerators and have long intrigued scientists for the role they play in producing cosmic rays -- high-energy particles that travel across vast distances in space.

The research, published today in Nature Communications, combines satellite observations from NASA's MMS (Magnetospheric Multiscale) and THEMIS/ARTEMIS missions with recent theoretical advancements, offering a comprehensive new model to explain the acceleration of electrons in collisionless shock environments.

The paper, 'Revealing an Unexpectedly Low Electron Injection Threshold via Reinforced Shock Acceleration', was written by a team of international academics, led by Dr Savvas Raptis of The Johns Hopkins University Applied Physics Laboratory, in the USA, and in collaboration with Northumbria University's Dr Ahmad Lalti.

This research addresses a long-standing puzzle in astrophysics -- how electrons reach extremely high, or relativistic, energy levels.

For decades, scientists have been trying to answer a crucial question in space physics: What processes allow electrons to be accelerated to relativistic speeds?

The main mechanism to explain acceleration of electrons to relativistic energies is called Fermi acceleration or Diffusive Shock Acceleration (DSA). However, this mechanism requires electrons to be initially energized to a specific threshold energy before getting efficiently accelerated by DSA. Trying to address how electrons achieve this initial energy is known as 'the injection problem'.




This new study provides key insights into the electron injection problem, showing that electrons can be accelerated to high energies through the interaction of various processes across multiple scales.

Using real-time data from the MMS mission, which measures the interaction of Earth's magnetosphere with the solar wind, and the THEMIS/ARTEMIS mission, which studies the upstream plasma environment near the Moon, the research team observed a large scale, time dependent (i.e. transient) phenomenon, upstream of Earth's bow shock, on December 17, 2017.

During this event, electrons in Earth's foreshock region -- an area where the solar wind is predisturbed by its interaction with the bow shock -- reached unprecedented energy levels, surpassing 500 keV.

This is a striking result given that electrons observed in the foreshock region are typically found at energies ~1 keV.

This research suggests that these high-energy electrons were generated by the complex interplay of multiple acceleration mechanisms, including the interaction of electrons with various plasma waves, transient structures in the foreshock, and Earth's bow shock.

All of those mechanisms act together to accelerate electrons from low energies ~ 1keV up to relativistic energies reaching the observed 500 keV, resulting in a particularly efficient electron acceleration process.




By refining the shock acceleration model, this study provides new insight into the workings of space plasmas and the fundamental processes that govern energy transfer in the universe.

As a result, the research opens new pathways for understanding cosmic ray generation and offers a glimpse into how phenomena within our solar system can guide us to understand astrophysical processes throughout the Universe.

Dr. Raptis believes that studying phenomena across different scales is crucial for understanding nature. "Most of our research focuses on either small-scale effects, like wave-particle interactions, or large-scale properties, like the influence of solar wind," he says.

"However, as we demonstrated in this work, by combining phenomena across different scales, we were able to observe their interplay that ultimately energize particles in space."

Dr Ahmad Lalti added: "One of the most effective ways to deepen our understanding of the universe we live in is by using our near-Earth plasma environment as a natural laboratory.

"In this work, we use in-situ observation from MMS and THEMIS/ARTEMIS to show how different fundamental plasma processes at different scales work in concert to energize electrons from low energies up to high relativistic energies.

"Those fundamental processes are not restricted to our solar system and are expected to occur across the universe.

"This makes our proposed framework relevant for better understanding electron acceleration up to cosmic-ray energies at astrophysical structures light-years away from our solar system, such as at other stellar systems, supernovae remnants, and active galactic nuclei."
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Differences in strength by position among football players | ScienceDaily
Even casual football watchers could tell you there are different body types based on the player's position. Linemen are big with a lot of body mass, and wide receivers are smaller and faster, for example. But a new study from the University of Kansas is setting the stage to determine if there are more subtle differences in fitness and strength characteristics by position that are not obvious, even to the trained football eye.


						
If coaches and trainers could point to data that shows linebackers generally have higher upper body strength, while tight ends have a high level of flexibility or similar measures, that could lead to position-specific training and putting athletes in their most optimum positions to succeed. Quincy Johnson, assistant professor of health, sport & exercise science, led a study that used state-of-the-art technology to assess key performance indicators within a group of college football players that found significant differences in body type, muscular strength and power, though not flexibility, by position type.

Offensive and defensive linemen, "big skill" positions such as linebackers and tight ends and skill players such as quarterbacks, wide receivers and safeties were the focus of the study. Researchers conducted a battery of tests with 16 starters from a NCAA Division II football team. All were free of musculoskeletal injuries and had regularly taken part in strength and conditioning training.

"Even within the same sport you have different body types and different needs for the position they play," Johnson said. "Speed, mobility, flexibility all play a part in your ability to play football. Strength and power also play a huge role. We found significant differences among position groups in muscular power, as well as muscular strength. However, we didn't find a difference in flexibility."

Players in the sample were separated into offensive and defensive groups and were tested for body composition, including height, body mass and lean body mass. Then, further key performance indicators like movement capacity, muscular strength and power were measured. Technology including markerless motion capture and force plates measured movement capacity during squats, strength via isometric mid-thigh pulls, power via jumping exercises and other similar measures.

As hypothesized, the researchers found significant differences in body composition, with linemen having more body mass than other big skill players. And the latter positions jumped higher and more efficiently transferred force during jumps, exhibiting different types of characteristics of athleticism between the positions. Movement capacity, however, did not prove to have significant differences by position.

Specific measures of muscular strength and power also varied between position groups, but measures of peak force did not, the researchers noted. That finding emphasizes the importance of developing absolute strength, they added.




Johnson, a former collegiate football player and strength and conditioning coach, described the study as a call to action. By showing that different body compositions, movement capacities and types of strength and power are scientifically measurable, it could set the stage for research that can maximize desired characteristics in the name of improving performance long-term. Further research is needed to determine how best to develop the necessary characteristics by position.

Written by Johnson, Yang Yang, Dimitrije Cabarkapa and Andrew Fry of KU; Shane Stock, Dalton Gleason, Kazuma Akehi, Dayton Sealey and Clay Frels of the University of Nebraska-Kearney; and Douglas Smith of Oklahoma State University, the study was published in The Journal of Functional Morphology and Kinesiology.

"I hope to help answer questions coaches have and hopefully move the field in some new directions," Johnson said. "The big question is, 'Can we assess abilities in this group of athletes?' Once we have this information, can we analyze it in a way that over time improves performance?"

Johnson, who began playing football at age 5 in his native Oklahoma, had questions about training camp when he reached the collegiate level, including why the first few and last few days of training camp seemed to be the most strenuous and taxing on the body. While he never suffered serious injuries, he saw teammates who did or quit the sport for various reasons. By bringing a sport science approach to such questions, he hopes to help athletes, coaches, trainers and others use data to answer those and others about how to maximize performance. Such data could contribute to training regimens designed specifically for defensive backs to reach their full potential or to help linemen stay on the field or avoid injuries, for example.

Future work will examine data from Division I football players and those in other sports as well.

The authors write that the findings can also help those beyond athletes and coaches, including strength and conditioning professionals, sport scientists, sports medicine professionals, nutritionists and registered dietitians.

Johnson's research is part of the work by the Jayhawk Athletic Performance Laboratory, a member of the Wu Tsai Human Performance Alliance. The alliance works to transform and improve human health through the understanding of peak performance. While the majority of understanding of human health comes from the study of disease, the research at KU and partners studies peak athletic performance to help people achieve optimal health and well-being.
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X-ray flashes from a nearby supermassive black hole accelerate mysteriously | ScienceDaily
One supermassive black hole has kept astronomers glued to their scopes for the last several years. First came a surprise disappearance, and now, a precarious spinning act.


						
The black hole in question is 1ES 1927+654, which is about as massive as a million suns and sits in a galaxy that is 100 million light-years away. In 2018, astronomers at MIT and elsewhere observed that the black hole's corona -- a cloud of whirling, white-hot plasma -- suddenly disappeared, before reassembling months later. The brief though dramatic shut-off was a first in black hole astronomy.

Members of the MIT team have now caught the same black hole exhibiting more unprecedented behavior.

The astronomers have detected flashes of X-rays coming from the black hole at a steadily increasing clip. Over a period of two years, the flashes, at millihertz oscillations, increased in frequency from every 18 minutes to every seven minutes. This dramatic speed-up in X-rays has not been seen from a black hole until now.

The researchers explored a number of scenarios for what might explain the flashes. They believe the most likely culprit is a spinning white dwarf -- an extremely compact core of a dead star that is orbiting around the black hole and getting precariously closer to its event horizon, the boundary beyond which nothing can escape the black hole's gravitational pull. If this is the case, the white dwarf must be pulling off an impressive balancing act, as it could be coming right up to the black hole's edge without actually falling in.

"This would be the closest thing that we know of around any black hole," says Megan Masterson, a graduate student in physics at MIT, who co-led the discovery. "This tells us that objects like white dwarfs may be able to live very close to an event horizon for a relatively extended period of time."

The researchers present their findings today at the 245th meeting of the American Astronomical Society in National Harbor, Maryland.




If a white dwarf is at the root of the black hole's mysterious flashing, it would also give off gravitational waves, in a range that would be detectable by next-generation observatories such as NASA's Laser Interferometer Space Antenna (LISA).

"These new detectors are designed to detect oscillations on the scale of minutes, so this black hole system is in that sweet spot," says co-author Erin Kara, associate professor of physics at MIT.

The study's other co-authors include MIT Kavli members Christos Panagiotou, Joheen Chakraborty, Kevin Burdge, Riccardo Arcodia, Ronald Remillard, and Jingyi Wang, along with collaborators from multiple other institutions.

Nothing normal

Kara and Masterson were part of the team that observed 1ES 1927+654 in 2018, as the black hole's corona went dark, then slowly rebuilt itself over time. For a while, the newly reformed corona -- a cloud of highly energetic plasma and X-rays -- was the brightest X-ray-emitting object in the sky.

"It was still extremely bright, though it wasn't doing anything new for a couple years and was kind of gurgling along. But we felt we had to keep monitoring it because it was so beautiful," Kara says. "Then we noticed something that has never really been seen before."

In 2022, the team looked through observations of the black hole taken by the European Space Agency's XMM-Newton, a space-based observatory that detects and measures X-ray emissions from black holes, neutron stars, galactic clusters, and other extreme cosmic sources. They noticed that X-rays from the black hole appeared to pulse with increasing frequency. Such "quasi-periodic oscillations" have only been observed in a handful of other supermassive black holes, where X-ray flashes appear with regular frequency.




In the case of 1ES 1927+654, the flickering seemed to steadily ramp up, from every 18 minutes to every seven minutes over the span of two years.

"We've never seen this dramatic variability in the rate at which it's flashing," Masterson says. "This looked absolutely nothing like a normal black hole."

The fact that the flashing was detected in the X-ray band points to the strong possibility that the source is somewhere very close to the black hole. The innermost regions of a black hole are extremely high-energy environments, where X-rays are produced by fast-moving, hot plasma. X-rays are less likely to be seen at farther distances, where gas can circle more slowly in an accretion disk. The cooler environment of the disk can emit optical and ultraviolet light, but rarely gives off X-rays.

"Seeing something in the X-rays is already telling you you're pretty close to the black hole," Kara says. "When you see variability on the timescale of minutes, that's close to the event horizon, and the first thing your mind goes to is circular motion, and whether something could be orbiting around the black hole."

X-ray kick-up

Whatever was producing the X-ray flashes was doing so at an extremely close distance from the black hole, which the researchers estimate to be within a few million miles of the event horizon.

Masterson and Kara explored models for various astrophysical phenomena that could explain the X-ray patterns that they observed, including a possibility relating to the black hole's corona.

"One idea is that this corona is oscillating, maybe blobbing back and forth, and if it starts to shrink, those oscillations get faster as the scales get smaller," Masterson says. "But we're in the very early stages of understanding coronal oscillations."

A more likely scenario, and one that scientists have a better grasp on in terms of the physics involved, has to do with a daredevil of a white dwarf.

"These things are really small and quite compact, and we hypothesize that it's a white dwarf that is getting so close to the black hole," Masterson says.

According to their modeling, the researchers estimate the white dwarf could have been about one-tenth the mass of the sun. In contrast, the supermassive black hole itself is on the order of 1 million solar masses.

When any object gets this close to a supermassive black hole, gravitational waves are expected to be emitted, dragging the object closer to the black hole. As it circles closer, the white dwarf moves at a faster rate, which can explain the increasing frequency of X-ray oscillations that the team observed.

The white dwarf is practically at the precipice of no return and is estimated to be just a few million miles from the event horizon. However, the researchers predict that the star will not fall in. While the black hole's gravity may pull the white dwarf inward, the star is also shedding part of its outer layer into the black hole. This shedding acts as a small kick-back, such that the white dwarf -- an incredibly compact object itself -- can resist crossing the black hole's boundary.

"Because white dwarfs are small and compact, they're very difficult to shred apart, so they can be very close to a black hole," Kara says. "If this scenario is correct, this white dwarf is right at the turn around point, and we may see it get further away."

The team plans to continue observing the system, with existing and future telescopes, to better understand the extreme physics at work in a black hole's innermost environments. They are particularly excited to study the system once the space-based gravitational-wave detector LISA launches -- currently planned for the mid 2030s -- as the gravitational waves that the system should give off will be in a sweet spot that LISA can clearly detect.

"The one thing I've learned with this source is to never stop looking at it because it will probably teach us something new," Masterson says. "The next step is just to keep our eyes open."
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From microplastics to macro-impact: Plastic recycling challenges | ScienceDaily
"Microplastic particles are currently found almost everywhere -- in water, food, fish, and even breast milk," says Arturas Torkelis, a PhD student at Kaunas University of Technology (KTU). He emphasises that proper waste management is essential for reducing these risks.


						
The use of plastic in Europe has skyrocketed over the past decade. Recent statistics reveal that in 2021, each person in the European Union (EU) generated an average of 36 kg of plastic packaging waste. Of the more than 16 million tonnes of plastic packaging generated that year, only 6.5 million tonnes were recycled. Plastic recycling remains a serious problem. Inadequate recycling not only increases the amount of waste left in landfills, incineration plants and nature but also contributes to the formation of microplastics, which threaten both ecosystems and human health.

According to Torkelis, to improve the situation, the waste management process cannot be addressed from only one side. It is a multidimensional problem, and therefore, the approach to it must be broad and systemic.

"Focusing solely on improving recycling technologies or finding new methods without considering economic, environment and legal aspects would be a mistake. This approach won't just fail to solve the problem, it could also lead to shortfalls when considering other aspects," says Torkelis.

To better understand how external factors influence plastic packaging recycling, KTU researchers conducted a macro-environmental analysis that examined six key areas: political, economical, social, technological, ecological, and legal factors.

Challenge #1: Outdated waste management regulations

Political and legal factors include a range of legislation and policies to regulate the management of plastic packaging waste. They help to control producers, waste managers, and recyclers but are often insufficient to ensure smooth and efficient waste management.




For example, for a long time, the EU's plastic packaging waste system was governed by the Packaging and Packaging Waste Directive, adopted 30 years ago, which left it up to the countries to decide how to meet the targets set. "As a result, these goals were often difficult to meet, as countries implemented them in different ways," explains Torkelis, a PhD student at KTU Institute of Environmental Engineering.

It was not until 2024 that a new regulation was adopted, which will soon come into force and will be equally applicable to all countries. This will ensure clearer and more efficient recycling of plastic packaging.

Challenge #2: Lower quality recycled plastics

Discussing economic aspects, Torkelis highlights that current recycling technologies often fail to produce high-quality recycled plastics in a cost-effective manner. Consequently, recycled plastics are sold at prices that are 2-3 times lower than virgin plastics in global markets.

Additionally, oversupply from China, other Asian countries, and North America further reduces the competitiveness of recycled plastics. Because virgin plastics are often more adaptable and cost-effective, they remain the preferred choice for manufacturers.

Challenge #3: Public attitudes towards recycling vary

Even though primary sorting, where waste is immediately separated by type in the home environment, is more efficient than secondary sorting, where mixed waste is sorted only at sorting centres, motivating people to do so remains a challenge.




A common myth is that sorted waste ultimately ends up in landfills or is incinerated, undermining public motivation to recycle. "That's why educational initiatives that show the journey of waste from collection to recycling are so important," says Torkelis.

In Lithuania, the KTU expert highlights the example of Alytus, where successful prevention measures have helped to increase the involvement of the population and ensure better waste sorting. However, attitudes and behaviour vary in other Lithuanian cities.

"In Kaunas, for instance, it is noticeable that waste collected from private houses is usually cleaner than waste from public containers in apartment blocks," he says. This shows that individual responsibility and social norms influence the quality of sorting.

Challenge #4: Recycling composite packaging is challenging

According to Torkelis, although the technologies of plastic packaging waste recycling are sufficiently developed and continuously improved, recycling composite packaging still presents challenges.

KTU specialist says that current solutions are often inefficient -- not just technologically, but also economically and environmentally, which is why more and more attention is being paid to eco-design: "The focus is not only on whether packaging can be recycled but also on its initial design, ensuring it is easy to recycle or reuse."

He believes that the use of combined packaging should be limited to cases where it is essential, such as pharmaceuticals, while it should be discouraged in other areas where it is often chosen for aesthetic reasons.

Challenge #5: Plastic waste is still leaking into the natural environment

Addressing environmental concerns, Torkelis mentions microplastics and the damage they cause to the environment and living organisms. Microplastics in the environment are the result of improperly managed plastic waste, so it is essential to ensure that there is no uncontrolled release of waste into the natural environment throughout the plastic packaging cycle.

Although reducing plastic waste remains a primary goal, recycling is essential to manage the plastic already in circulation. The EU's target of recycling 50 per cent of plastics by 2025 has not been achieved. Now the goal is to recycle 55 per cent by 2030.
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Light, flexible and radiation-resistant: Organic solar cells for space | ScienceDaily
Radiation testing suggests that solar cells made from carbon-based, or organic, materials could outperform conventional silicon and gallium arsenide for generating electricity in the final frontier, a study from the University of Michigan suggests.


						
While previous research focused on how well organic solar cells converted light to electricity following radiation exposure, the new investigation also dug into what happens at the molecular level to cause drops in performance.

"Silicon semiconductors aren't stable in space because of proton irradiation coming from the sun," said Yongxi Li, first author of the study to be published in Joule and a U-M associate research scientist in electrical and computer engineering at the time of the research. "We tested organic photovoltaics with protons because they are considered the most damaging particles in space for electronic materials."

Space missions often land on gallium arsenide for its high efficiency and resistance to damage from protons, but it's expensive and, like silicon, is relatively heavy and inflexible. In contrast, organic solar cells can be flexible and are much lighter. This study is among those exploring the reliability of organics, as space missions tend to use highly trusted materials.

Organic solar cells made with small molecules didn't seem to have any trouble with protons -- they showed no damage after three years worth of radiation. In contrast, those made with polymers -- more complex molecules with branching structures -- lost half of their efficiency.

"We found that protons cleave some of the side chains, and that leaves an electron trap that degrades solar cell performance," said Stephen Forrest, the Peter A. Franken Distinguished University Professor of Engineering at U-M, and lead corresponding author of the study.

These traps grab onto electrons freed by light hitting the cell, preventing them from flowing to the electrodes that harvest the electricity.




"You can heal this by thermal annealing, or heating the solar cell. But we might find ways to fill the traps with other atoms, eliminating this problem," Forrest said.

It's plausible that sun-facing solar cells could essentially self-heal at temperatures of 100degC (212degF) -- this warmth is enough to repair the bonds in the lab. But questions remain: for instance, will that repair still take place in the vacuum of space? Is the healing reliable enough for long missions? It may be more straightforward to design the material so that the performance-killing electron traps never appear.

Li intends to explore both avenues further as an incoming associate professor of advanced materials and manufacturing at Nanjing University in China.

The research is funded by Universal Display Corp and the U.S. Office of Naval Research.

The devices were built in part at the Lurie Nanofabrication Facility, exposed to a proton beam at the Michigan Ion Beam Laboratory, and studied at the Michigan Center for Materials Characterization.

The team has applied for patent protection with the assistance of U-M Innovation Partnerships. Universal Display has licensed the technology from U-M and filed a patent application. Forrest has a financial interest in Universal Display Corp.
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'What is that?' Scientists explain white patch that appears near northern lights | ScienceDaily
A whitish, grey patch that sometimes appears in the night sky alongside the northern lights has been explained for the first time by researchers at the University of Calgary.


						
The article, which was published on Dec. 30 in the journal Nature Communications, explores a "structured continuum emission" that's associated with aurora borealis.

"You'd see this dynamic green aurora, you'd see some of the red aurora in the background and, all of a sudden, you'd see this structured -- almost like a patch -- grey-toned or white toned-emission connected to the aurora," says Dr. Emma Spanswick, PhD, lead author on the paper and an associate professor with the Department of Physics and Astronomy in the Faculty of Science.

"So, the first response of any scientist is, 'Well, what is that?'"

Spanswick says the white patch has been referenced in scientific papers before, but it has never been explained.

Her team's paper concludes it's "most certainly a heat source" and says it suggests that the aurora borealis are more complex than previously thought.

Spanswick says the discovery was made possible because an advancement in camera technology allows both amateur photographers and scientists to see true colour images of the night sky.




"Everyone has noticed the advancement in digital photography. Your cellphone can now take pictures of the aurora," she says. "That has flowed to the commercial sensor market now.

"Those types of sensors can now be found in more commercial, more robust sensors that we would use in science."

The team's research came after there was a renewed interest in continuum emission with the discovery and observations of the long, glowing ribbon of purple light known as STEVE -- or Strong Thermal Emission Velocity Enhancement.

"There are similarities between what we're seeing now and STEVE," explains Spanswick. "STEVE manifests itself as this mauve or grey-toned structure.

"To be honest, the elevation of the spectrum between the two is very similar but this, because of its association with dynamic aurora, it's almost embedded in the aurora. It's harder to pick out if you were to look at it, whereas STEVE is separate from the aurora -- a big band crossing the sky."

The latest research is also significant because it includes three UCalgary students, including undergraduate Josh Houghton who was initially hired as an intern on the project.




"I was still learning things at the time," he says. "I had just started my internship, and I very quickly got involved. It's just very, very cool."

Spanswick says Houghton did a lot of the analysis on the research, which led to his participation in the Nature paper as an undergraduate student.

"He's had one heck of an internship experience," she says.

Houghton will continue the research as part of his undergrad honours thesis, before taking on his master's degree at UCalgary next year.

The research was made possible by the Transition Region Explorer (TREx), which is a UCalgary project jointly funded by the Canadian Foundation for Innovation, the Government of Alberta and the Canadian Space Agency.

The TREx RGB and Spectograph instruments are operated and maintained by Space Environment Canada with the support of the Canadian Space Agency through its Geospace Observatory (GO) Canada initiative.
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New insights into acoustic bubbles give boost to future applications | ScienceDaily
Active bubbles hold potential in fields ranging from water purification to medicine. Researchers can generate microbubbles by exposing liquids to high-intensity ultrasonic waves, a process known as sonication, and these energy waves heat up and pressurize the bubbles. For example, when bubbles in water are adiabatically collapsed by ultrasonic waves, the temperature inside the bubbles reaches more than several thousand degrees and the pressure several hundred atmospheres.


						
These bubbles are called active bubbles or acoustic bubbles. Osaka Metropolitan University researchers have now found key indicators to assess the chemical activity and temperature of these microbubbles.

The group led by Professor Kenji Okitsu of the Graduate School of Sustainable System Sciences showed that, when water is undergoing sonication, the amount of hydrogen is a more important indicator of the chemical activity of acoustic bubbles than hydrogen peroxide during thermal decomposition of the water.

The team also conducted experiments using an aqueous t-butanol (tertiary alcohol) solution to investigate the temperature and number of active bubbles generated when exposed to ultrasonic waves. As the temperature of the solution and the concentration of inorganic salts increased, the temperature of the active bubbles became lower and the number of active bubbles produced decreased.

"Our research provides new insights into the relationship between bubble temperature and chemical activity," Professor Okitsu exclaimed. "As the characteristics of active bubbles become clearer, more precise control of chemical reactions will become possible. We expect further applications and progress in water purification technology and nanotechnology, such as the decomposition of persistent organic pollutants and the synthesis of highly functional, high value-added nanomaterials."

The findings were published in Ultrasonics Sonochemistry.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250110122034.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Harnessing corrosion: Scientists transform dealloying into sustainable lightweight alloy design | ScienceDaily
Alloying, the art of blending metals with other elements, has long been a cornerstone of materials science and metallurgy, creating materials with tailored properties. In contrast, dealloying has been known primarily as a corrosive process that degrades materials over time by selectively removing elements, weakening their structure. Now, researchers at the Max Planck Institute for Sustainable Materials (MPI-SusMat) have turned these two seemingly counteracting processes into an innovative harmonic synthesis concept. Their study, published in the journal Science Advances, showcases how dealloying and alloying can be harmonized to create lightweight, nanostructured porous martensitic alloys CO2-free and energy saving.


						
The microstructure of metallic alloys is defined by the arrangement of atoms within a lattice, with their positions and chemical composition being critical to material properties. Traditional dealloying naturally removes atoms from this lattice, causing degradation. But the MPI-SusMat team asked a game-changing question: What if we could harness dealloying to create beneficial microstructures?

"We aimed to use the dealloying process to remove oxygen from the lattice structure, modulating porosity via the creation and agglomeration of oxygen vacancies," explains Dr. Shaolou Wei, Humboldt research fellow at MPI-SusMat and first author of the publication. "This method opens new pathways for designing lightweight, high-strength materials." At the heart of their approach is reactive vapor-phase dealloying -- a technique that removes oxygen atoms from the lattice structure using a reactive gas atmosphere. In this process, the atmosphere "attracts" the oxygen, selectively extracting it from the host lattice. Hereby, the atmosphere consists of ammonia, which acts as both a reductant (via its hydrogen content) and a donor of interstitial nitrogen, filling vacant lattice spaces to enhance material properties. "This dual role of ammonia -- removing oxygen and adding nitrogen -- is a key innovation in our approach, since it assigns all atoms from both reaction partners specific roles" says Professor Dierk Raabe, managing director of MPI-SusMat and corresponding author of the study.

Four crucial metallurgical processes in one step

The team's breakthrough lies in integrating four crucial metallurgical processes into a single reactor step:
    	Oxide dealloying: Removing oxygen from the lattice to create excessive porosity while simultaneously reducing the metal ores with hydrogen.
    	Substitutional alloying: Encouraging solid-state interdiffusion between metallic elements upon or after complete oxygen removal.
    	Interstitial alloying: Introducing nitrogen from the vapor phase into the host lattice of the gained metals.
    	Phase transformation: Activating thermally-induced martensitic transformation, the most viable pathway for nano structuring.

This synthesis strategy not only simplifies alloy production, but also offers a sustainable approach by utilizing oxides as starting materials and reactive gases such as ammonia or even waste emissions from industrial processes. Through the usage of hydrogen as a reductant agent and energy carrier instead of carbon, the whole dealloying-alloying process is CO2-free and the only byproduct is water. Thermodynamic modelling demonstrates the feasibility of this technique for metals like iron, nickel, cobalt, and copper.

Sustainable lightweight design through microstructure engineering

The resulting nano-structured porous martensitic alloys are lighter and stronger, thanks to precise microstructure control from the millimeter down to the atomic scale. Traditionally, achieving such porosity required time- and energy-intensive processes. In contrast, the new strategy accelerates porosity formation while allowing for the simultaneous introduction of interstitial elements like nitrogen that enhance material strength and functionality.




Future applications could range from lightweight structural components to functional devices such as iron-nitride-based hard magnetic alloys, which could surpass rare-earth magnets in performance. Looking ahead, the researchers envision expanding their approach to use impure industrial oxides and alternative reactive gases. This could revolutionize alloy production by reducing reliance on rare-earth materials and high-purity feedstocks thus aligning with global sustainability goals.

With this innovative dealloying-alloying strategy, the MPI-SusMat team has demonstrated how rethinking traditional processes can yield transformative advances in materials science. By combining sustainability with cutting-edge microstructure engineering, they are paving the way for a new era of alloy design.

The research was funded with a fellowship to Shaolou Wei by the Alexander von Humboldt Foundation, a European Advanced Research Grant of Dierk Raabe, and a Cooperation Grant of the Max Planck and Fraunhofer Societies to the team.
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New data on atmosphere from Earth to the edge of space | ScienceDaily
A team led by researchers at the University of Tokyo have created a dataset of the whole atmosphere, enabling new research to be conducted on previously difficult-to-study regions. Using a new data-assimilation system called JAGUAR-DAS, which combines numerical modeling with observational data, the team created a nearly 20-yearlong set of data spanning multiple levels of the atmosphere from ground level up to the lower edges of space. Being able to study the interactions of these layers vertically and around the globe could improve climate modeling and seasonal weather forecasting. There is also potential for interdisciplinary research between atmospheric scientists and space scientists, to investigate the interplay between space and our atmosphere and how it affects us on Earth.


						
Complaining about the weather, and about weather forecasters when they get things wrong, is a popular pastime for many. But a meteorologist's job is not easy. Our atmosphere is multilayered, interconnected and complex, and global climate change is making it even harder to forecast both long-term and sudden, extreme weather events.

To help overcome these increasing challenges, researchers have created a dataset of the entire atmosphere. Ranging from September 2004 to December 2023, it spans multiple levels of the atmosphere from ground level up to the lower edge of space, about 110 kilometers above Earth's surface. The region between about 50 km to 110 km (though exact ranges vary) is particularly of interest, as it is so notoriously difficult to study that it had previously been dubbed the "ignorosphere." This region is too low for satellites and too high for weather balloons to observe, resulting in a shortage of data and consequently research. However, it is a fascinating area, characterized by vast global atmospheric tides and small-scale gravity waves which affect wind and temperature. It also plays an important role in the intensity of the impact of space weather events.

"The JAWARA (JAGUAR-DAS Whole neutral Atmosphere Reanalysis) dataset is a strong research tool which, for the first time, makes it possible to quantitatively understand atmospheric general circulation and the hierarchal structure of waves and vorticies in the mesospheric layer (which is above the stratosphere and about 50-90 km above Earth's surface) and lower thermospheric layer (about 90-110 km above Earth's surface) of the atmosphere, including the ignorosphere," explained Professor Kaoru Sato from the University of Tokyo. "If we can better understand these layers, it would improve our ability to respond to climate change, extend the lead time of seasonal forecasts and advance our understanding of space weather phenomena."

The team developed its new JAGUAR-DAS high-speed data assimilation system as part of an international project led by Sato. The system integrates observational data into a numerical model which can then produce data on atmospheric conditions. The resulting dataset, named JAWARA, makes it possible to perform detailed analysis of the general circulation of the atmosphere and its hierarchical structure.

"Atmospheric general circulation models which range up to the lower edge of space have only been developed by a limited number of research institutions around the world, including our own," said Sato. "Recent studies indicate that extreme stratospheric phenomena can start at least in the upper mesosphere. Therefore, quantitative elucidation of phenomena in the mesosphere and lower thermosphere is extremely important for weather forecasting."

The dataset is now openly available, and the team intends to use it to study the large-scale circulation and the hierarchical structure in the atmosphere, as well as vertical and interhemispheric (i.e., between the Northern and Southern hemisphere) couplings. They also hope to work in collaboration with space scientists to study the interactions between the atmosphere and space, particularly the mesosphere (where the highest clouds form) and ionosphere (located within the thermosphere and about 60-300 km above Earth's surface, where many satellites are based).
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Harnessing microwave flow reaction to convert biomass into useful sugars | ScienceDaily
Researchers at Kyushu University have developed a device that combines a catalyst and microwave flow reaction to efficiently convert complex polysaccharides into simple monosaccharides. The device utilizes a continuous-flow hydrolysis process, where cellobiose -- a disaccharide made from two glucose molecules -- is passed through a sulfonated carbon catalyst that is heated using microwaves. The subsequent chemical reaction breaks down cellobiose into glucose. Their results were published in the journal ACS Sustainable Chemistry & Engineering.


						
Converting biomass into useful resources has been a topic of scientific research for decades. Biomass polysaccharides, long-chain complex sugars which are ubiquitous in nature, are considered to be one of the more promising substances for efficient conversion since they can be converted into simple sugars that, in turn, can be used in food, pharmaceuticals, and chemical synthesis.

Hydrolysis is one of the more efficient chemical reactions that convert long chain sugars into simple sugars, usually using acids as catalysts. While many acid catalysts are in gas or liquid form, solid acid catalysts -- which, as the word describes, is an acid in solid form -- are known to be more recyclable and thus have been a point of focus for researchers.

However, solid acid catalysts require high temperatures for them to react efficiently. To overcome this, Associate Professor Shuntaro Tsubaki from Kyushu University's Faculty of Agriculture and his team investigated applying microwave flow reactions to heat the solid catalysts during the reaction process.

"Microwaves form a localized high-temperature reaction field on the solid catalyst, which can lead to higher catalytic activity while keeping the overall reaction system at a lower temperature," explains Tsubaki. "In addition, we can have the substrate flow continuously through the reaction vessel where microwaves are applied to the catalyst, resulting in higher yields of the desired product."

The device the researchers developed utilized a solid acid catalyst composed of sulfonated carbon. Cellobiose, a disaccharide, was used as a model sugar substrate to test the system. In their device, a solution of cellobiose would be passed through the sulfonated carbon catalyst that was heated to up to 100-140degC using microwaves. The catalyst would then break apart the cellobiose through hydrolysis and produce the monosaccharide glucose.

One of the keys for the system's efficiency is thanks to the ability to separate the microwave's electric and magnetic fields.

"Microwaves produce both electric and magnetic fields. The electric field causes the heating of dipolar materials like water. This is what heats up your food. The magnetic field, on the other hand, induces heating of conductive materials like metals and carbon," says Tsubaki. "In our device we were able to increase catalytic activity by separating the two fields, then using the electric field to heat the liquid solution of cellobiose and at the same time use the magnetic field to heat up the catalyst."

Microwave-accelerated catalytic reactions have been applied for a variety of chemical reactions, including organic synthesis, plastics recycling, and biomass conversion. The team hopes that as renewable energy sources continue to surge, electricity-driven chemical production such as theirs will help move the industry toward a greener future.

"We expect our system will help in the development of more sustainable chemical synthesis. We would also like to explore the utility of our methodology on the hydrolysis of other polysaccharides as well as in proteins for the production of amino acids and peptides," concludes Tsubaki.
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Revealing the 'true colors' of a single-atom layer of metal alloys | ScienceDaily
Researchers Ibuki Taniuchi, Ryota Akiyama, Rei Hobara, and Shuji Hasegawa of the University of Tokyo have demonstrated that the direction of the spin-polarized current can be restricted to only one direction in a single-atom layer of a thallium-lead alloys when irradiated at room temperature. The discovery defies conventions: single-atom layers have been thought to be almost completely transparent, in other words, negligibly absorbing or interacting with light. The one-directional flow of the current observed in this study makes possible functionality beyond ordinary diodes, paving the way for more environmentally friendly data storage, ultra-fine two-dimensional spintronic devices, in the future. The findings were published in the journal ACS Nano.


						
Diodes are fundamental building blocks of modern electronics by restricting the flow of currents to only one direction. However, the thinner the device the more complicated it becomes to design and manufacture these functional components. Thus, demonstrating phenomena that might make such developmental feats possible is critical. Spintronics is an area of study in which researchers manipulate the intrinsic angular momentum (spin) of electrons, for example, by applying light.

"Spintronics had traditionally dealt with thicker materials," says Akiyama. "However, we had been more interested in very thin systems because of their inherently exciting properties. So, we wanted to combine the two and investigate the conversion of light to spin-polarized current in a two-dimensional system."

The conversion of light to spin-polarized current is called the circular photogalvanic effect (CPGE). In the spin-polarized current, the spins of electrons align in one direction, restricting the flow of the electrical current to one direction depending on the polarization of light. The phenomenon is similar to conventional diodes in which the electrical current can only flow in one direction depending on the polarity of the voltage. The researchers used thallium-lead alloys to see if this phenomenon could be observed even in layers as thin as a single atom (two-dimensional systems). They conducted the experiments in an ultra-high vacuum to avoid adsorption and oxidation of the material so that they could reveal its "true colors." When the researchers irradiated the alloys with circular polarized light, they could observe the changes in direction and magnitude of the flowing electrical current.

"Even more surprisingly," says Akiyama, "it was a spin-polarized current: the direction of the electron spin was aligned with the direction of the current due to the novel properties of these thin alloys."

These thin alloys previously developed by the team showed unique electronic properties, giving the team a hint for the current study by chance. Armored with this new knowledge, Akiyama looks to the future.

"These results show that basic research is crucial for applications and development. In this study, we aimed to observe an optimized system. As the next step, in addition to searching for novel two-dimensional thin alloys with unique electronic properties, we would like to use a lower energy (terahertz) laser to narrow the excitation paths that induce CPGE. This way we could increase the conversion efficiency from light to spin-polarized current."
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Breakthrough study reveals the secrets behind cordierite's anomalous thermal expansion | ScienceDaily
Cordierite, a remarkable mineral familiar to many as the material behind heat-resistant pizza stones, exhibits an unusual ability to resist changes in size despite significant temperature fluctuations. While widely used in diverse applications from automotive catalytic converters to high-temperature industrial processes, the fundamental reasons behind this anomalous thermal behaviour have remained largely unexplained. A new study, led by researchers at Queen Mary University of London and published in Matter, now provides the first comprehensive explanation, with profound implications for the design and development of advanced materials.


						
"Modern society demands materials that exhibit minimal dimensional changes with temperature fluctuations, unlike most materials that expand and contract significantly," explained Professor Martin Dove, lead researcher and Professor of Condensed Matter and Materials at Queen Mary University of London. "Examples of such materials include Pyrex, used for oven-safe dishes, and the glass-ceramic employed in cooking hobs."

Unlike most materials, cordierite displays an unusual combination of thermal expansions: low positive expansion along two perpendicular axes and negative expansion along the third. This unique behaviour has made cordierite invaluable in applications requiring exceptional thermal stability. However, the precise mechanisms underlying these properties have remained enigmatic.

To address this, the research team employed advanced lattice dynamics and molecular dynamics simulations, utilizing transferable force fields to model the atomic structure of cordierite under varying thermal conditions. The simulations accurately reproduced experimental data, providing insights into the mineral's behaviour at both low and high temperatures.

"Our research demonstrates that the anomalous thermal expansion of cordierite originates from a surprising interplay between atomic vibrations and elasticity," stated Professor Dove.

At lower temperatures, the researchers observed that lower-frequency vibrations favour negative thermal expansion (NTE) along all three axes. At higher temperatures, higher-frequency vibrations dominate, leading to the more typical positive expansion. Crucially, these contributions are counterbalanced by the material's elastic properties, which act like a three-dimensional hinge, effectively cancelling out many of the thermal effects.

"This cancellation mechanism explains why cordierite exhibits small positive expansion in two directions and small negative expansion in the third. It is an unexpected outcome that challenges conventional understanding in this field," added Professor Dove.




These findings open new avenues for the discovery and design of materials with tailored thermal properties. The methodology developed in this study, combining simulations of atomic vibrations with elasticity models, can be directly applied to other anisotropic materials, offering a cost-effective approach for screening potential candidates for specific applications.

"Anisotropic materials like cordierite hold immense potential for developing high-performance materials with unique thermal behaviours," stated Professor Dove. "Our approach can rapidly predict these properties, significantly reducing the reliance on expensive and time-consuming experimental procedures."

The study also underscores the importance of challenging established assumptions. "Initially, I was sceptical of the results," confessed Professor Dove. "The initial data suggested uniform expansion behaviour at both high and low temperatures, but the final results revealed a delicate balance of forces. It was a moment of scientific serendipity."

Cordierite belongs to a family of silicate minerals with promising thermal properties. Understanding its behaviour paves the way for innovations in various fields, including automotive engineering, electronics, and materials utilised in extreme environments. The study also contributes to the growing body of research on negative thermal expansion in anisotropic systems -- an area that has historically been under-explored.

This research marks a significant advancement in the study of anisotropic materials and their thermal behaviours. With the established methodology, the team plans to investigate other silicate minerals and extend their findings to synthetic materials. "The possibilities are vast," stated Professor Dove. "This work provides a roadmap for uncovering new materials that could revolutionise industries reliant on thermal stability."
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Oil extraction might have triggered small earthquakes in Surrey, England | ScienceDaily
A series of more than 100 small earthquakes in Surrey in 2018 and 2019 might have been triggered by oil extraction from a nearby well, suggests a new study by UCL researchers.


						
The earthquakes, which occurred in Newdigate and surrounding areas from April 2018 until early 2019, were recorded as being between 1.34 and 3.18 magnitude, and were linked to cracks in walls and ceilings and other damage to people's homes, with reports of houses and beds shaking.

Geologists have been divided over whether these earthquakes could have been triggered by extraction at the Horse Hill well in Horley about 5km to 10km away.

Previously, some researchers had argued that the pattern of earthquakes did not correspond to the oil extraction, with periods of increased extraction not followed directly by an increase in seismic activity.

The new study, published in Geological Magazine, ran more than a million simulations estimating the frequency of earthquakes based on the timing and volume of oil extraction and found the model predictions roughly matched what occurred, suggesting a link between the extraction of the oil and the earthquakes.

Lead author Dr Matthew Fox (UCL Earth Sciences) said: "Our study suggests there is a link between the earthquakes and oil extraction at Horse Hill but we cannot rule out that this link is a coincidence. More work needs to be done to understand if this is cause and effect. However, our findings indicate it is plausible that oil extraction triggered the earthquakes."

Oil extraction at Horse Hill was stopped in October after planning permission was quashed in a landmark legal case. Supreme Court judges ruled that the full climate impact of the project should have been considered before Surrey County Council approved it.




However, another project has received council approval to conduct exploratory oil drilling in Balcombe, West Sussex. This is subject to a legal challenge by a residents' group, with the case expected to be heard by the Court of Appeal this month [January 2025].*

Extracting oil changes the fluid pressure in the rock the oil is extracted from. This change in pressure can potentially diffuse through tens of kilometres underground to intersect a fault (a shear fracture between two rock blocks). The speed that this change in pressure moves depends on the rock's permeability (how quickly fluids can pass through it). As faults are often under considerable strain, even a small change in stress can cause the rapid movement of rock that leads to an earthquake.

For the new study, the researchers used a mathematical model to predict the number of earthquakes that might occur based on how much oil had been extracted, accounting for the two different rock types that oil was extracted from.

As much key information is unknown -- for instance, what the time lag would be from extracting oil to an earthquake occurring -- the team used a Bayesian machine learning tool that randomly varied unknown parameters such as time lag.

Building on the work of the late University of Glasgow geologist Dr Rob Westerway, the researchers were able to account for oil extraction switching between two different rock types, with one, Portland rock, being a million times more permeable than the other, Kimmeridge, meaning the lag time between extraction and a potential induced earthquake would be a matter of days rather than weeks.

Although the earthquakes began just before oil extraction started, the researchers said these earthquakes could have been triggered by preparatory works -- for instance, checking the pressure in the well -- which could have led to a similar pressure change travelling underground to the fault line.




The researchers said the picture was complicated by the fact that seismometers (instruments detecting ground vibrations) were installed in the area only after the first larger earthquakes had occurred. Any smaller earthquakes that might have occurred prior to these instruments being installed were not recorded. This highlights the need for detailed seismic monitoring before oil extraction begins at proposed sites.

Co-author Professor Philip Meredith (UCL Earth Sciences) said: "Our study highlights the importance of monitoring the seismicity of areas where oil extraction might occur before any works start. Caution should be the byword. It is no good saying you don't have a problem when you potentially do.

"There has been no significant seismic activity in Surrey for decades, so these earthquakes were unusual events. However, unusual events do happen in nature, so we can't rule out the possibility that the timing associated with the oil extraction was a coincidence."

*Lead author Dr Matthew Fox has provided an expert witness statement in the case.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250109223305.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Hidden transport pathways in graphene confirmed, paving the way for next-generation device innovation | ScienceDaily
Electron transport in bilayer graphene exhibits a pronounced dependence on edge states and a nonlocal transport mechanism, according to a recent study led by Professor Gil-Ho Lee and Ph.D. candidate Hyeon-Woo Jeong of POSTECH's Department of Physics, in collaboration with Dr. Kenji Watanabe and Dr. Takashi Taniguchi at Japan's National Institute for Materials Science (NIMS). The findings were published in the international nanotechnology journal Nano Letters.


						
Bilayer graphene, comprising two vertically stacked graphene layers, can exploit externally applied electric fields to modulate its electronic band gap -- a property essential for electron transport. This distinctive feature has drawn considerable attention for its prospective role in "valleytronics," an emerging paradigm for next-generation data processing. By capitalizing on the "valley," a quantum state in an electron's energy structure that functions as a discrete data storage unit, valleytronics enables faster, more efficient data handling than conventional electronics or spintronics. With its tunable band gap, bilayer graphene stands as a foundational platform for advanced valleytronics research and device innovation.

A central concept in valleytronics is the 'Valley Hall Effect (VHE),' which describes how electron flow is selectively channeled through discrete energy states -- known as "valleys" -- within a given material. Consequently, a remarkable phenomenon called "nonlocal resistance" emerges, introducing measurable resistance in regions lacking direct current flow -- even in the absence of conduction paths.

While much of the current literature regards nonlocal resistance as definitive proof of the Valley Hall Effect (VHE), some researchers posit that device-edge impurities or external factors -- such as manufacturing processes -- may also produce the observed signals, leaving the debate over VHE's origins unresolved.

To ascertain the definitive source of nonlocal resistance in bilayer graphene, the joint POSCO-NIMS research team fabricated a dual-gate graphene device, enabling precise band gap control. They subsequently compared the electrical characteristics of pristine, naturally formed graphene edges with those artificially processed using Reactive Ion Etching.

The finding revealed that nonlocal resistance in naturally formed edges conformed to theoretical expectations, while etching-processed edges exhibited nonlocal resistance exceeding those values by two orders of magnitude. This discrepancy indicates that the etching procedure introduced extraneous conductive pathways unrelated to the Valley Hall Effect, thereby explaining why a reduced band gap had been observed in prior measurements of bilayer graphene.

"The etching process, a vital step in device fabrication, has not received sufficient scrutiny, particularly regarding its impact on nonlocal transport," commented Hyeon-Woo Jeong, the paper's first author. "Our findings underscore the need to reexamine these considerations and offer crucial insights for advancing valleytronics device design and development."

This research was supported by the National Research Foundation of Korea (NRF), the Ministry of Science and ICT, the Institute for Information & Communications Technology Planning & Evaluation (IITP), the Air Force Office of Scientific Research (AFOSR), the Institute for Basic Science (IBS), the Samsung Science & Technology Foundation, Samsung Electronics Co., Ltd., the Japan Society for the Promotion of Science (JSPS KAKENHI), and the World Premier International Research Center Initiative (WPI).
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Pioneering new tool will spur advances in catalysis | ScienceDaily
Catalysts do several surprising things to assist with daily life -- from bread making to turning raw materials into fuels more efficiently. Now, SLAC researchers have developed a way to speed up the discovery process for a promising new class of these helpful substances called single atom catalysts.


						
For decades, catalysts have been unsung heroes in daily life. These workhorses transform a starting material into a product or fuel with lower energy, like the yeast in bread making and human-made catalysts for converting raw materials into fuels more efficiently and sustainably. A promising class of these helpful substances, called single atom catalysts, has emerged, and researchers need new methods to better understand them. More specifically, they want to know how the structure of the sites where chemical reactions occur, called active sites, affects the catalyst's ability to speed up the chemical reaction rate, known as the activity.

In an important step forward, researchers from the Stanford Synchrotron Radiation Lightsource (SSRL) at the Department of Energy's SLAC National Accelerator Laboratory collaborated with a team from the University of California, Davis (UC Davis), to develop a new software tool that can provide more quantitative details about the structure of the active sites in single atom catalysts in much less time, compared to current methods. The results were published in Chemistry-Methods.

Normally, a catalyst uses an inert support to stabilize nanometer-sized clusters of metal atoms, or metal nanoparticles. During catalysis, only the surface atoms act as active sites, leaving atoms in the interior of the nanoparticle unused. To maximize the utilization of each metal atom, researchers came up with a promising idea -- single atom catalysts, where individual metal atoms are dispersed onto the support.

In designing and developing these catalysts, researchers need to understand the structure of the active sites so they can relate it to the activity. To learn more about the structure, the team used single platinum atoms stabilized on a magnesium oxide support as a case study for similar single atom catalysts. The study's lead author Rachita Rana, who recently received her PhD from UC Davis, utilized a technique called extended X-ray absorption fine structure (EXAFS) spectroscopy, which reveals the average environment around the atom in the active site, such as the number and distance of neighboring atoms. Traditionally, with EXAFS data, researchers evaluate tens to hundreds of candidate structures before selecting the best fit. Instead, Rana proposed automating the analysis process by combining theoretical calculations, called density functional theory, and EXAFS. The first version of the software, QuantEXAFS, determined the structure for one kind of atom, platinum atoms in this case.

In reality, catalysts usually have both single atoms and nanoparticles. Building upon QuantEXAFS, Rana expanded the capabilities of the code to determine the fractions of these two forms, giving more specific information about the structure. "MS-QuantEXAFS not only helps identify the active sites, but also quantifies the percentage of a specific site and automates the entire data analysis process," she said. "If you're doing this manually, it typically could take you anywhere from a few days to months. With MS-QuantEXAFS, you could potentially do this analysis overnight on a local computer."

The team would next like to prepare and release MS QuantEXAFS to the scientific community. "This tool has a lot to offer to catalysis researchers," said Rana. Co-author and Distinguished Scientist at SSRL, Simon R. Bare, agrees, adding that they also plan to include it in training classes, especially for the next generation of students.

The DOE Office of Science supported this research. SSRL is a DOE Office of Science user facility.
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Storing carbon in buildings could help address climate change | ScienceDaily
Construction materials such as concrete and plastic have the potential to lock away billions of tons of carbon dioxide, according to a new study by civil engineers and earth systems scientists at the University of California, Davis and Stanford University. The study, published Jan. 10 in Science, shows that combined with steps to decarbonize the economy, storing CO2 in buildings could help the world achieve goals for reducing greenhouse gas emissions.


						
"The potential is pretty large," said Elisabeth Van Roijen, who led the study as a graduate student at UC Davis.

The goal of carbon sequestration is to take carbon dioxide, either from where it is being produced or from the atmosphere, convert it into a stable form and store it away from the atmosphere where it cannot contribute to climate change. Proposed schemes have involved, for example, injecting carbon underground or storing it in the deep ocean. These approaches pose both practical challenges and environmental risks.

"What if, instead, we can leverage materials that we already produce in large quantities to store carbon?" Van Roijen said.

Working with Sabbie Miller, associate professor of civil and environmental engineering at UC Davis, and Steve Davis at Stanford University, Van Roijen calculated the potential to store carbon in a wide range of common building materials including concrete (cement and aggregates), asphalt, plastics, wood and brick.

More than 30 billion tons of conventional versions of these materials are produced worldwide every year.

Concrete potential

The carbon-storing approaches studied included adding biochar (made by heating waste biomass) into concrete; using artificial rocks that can be loaded with carbon as concrete and asphalt pavement aggregate; plastics and asphalt binders based on biomass rather than fossil petroleum sources; and including biomass fiber into bricks. These technologies are at different stages of readiness, with some still being investigated at a lab or pilot scale and others already available for adoption.




Researchers found that while bio-based plastics could take up the largest amount of carbon by weight, by far the largest potential for carbon storage is in using carbonated aggregates to make concrete. That's because concrete is by far the world's most popular building material: Over 20 billion tons are produced every year.

"If feasible, a little bit of storage in concrete could go a long way," Miller said. The team calculated that if 10% of the world's concrete aggregate production were carbonateable, it could absorb a gigaton of CO2.

The feedstocks for these new processes for making building materials are mostly low-value waste materials such as biomass, Van Roijen said. Implementing these new processes would enhance their value, creating economic development and promoting a circular economy, she said.

Some technology development is needed, particularly in cases where material performance and net-storage potential of individual manufacturing methods must be validated. However, many of these technologies are just waiting to be adopted, Miller said.

Van Roijen is now a researcher at the U.S. Department of Energy National Renewable Energy Laboratory. The work was supported by Miller's CAREER grant from the National Science Foundation.
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May the force not be with you: Cell migration doesn't only rely on generating force | ScienceDaily
In mechanobiology, cells' forces have been considered fundamental to their enhanced function, including fast migration. But a group of researchers in the McKelvey School of Engineering at Washington University in St. Louis has found that cells can generate and use lower force yet move faster than cells generating and using high forces, turning the age-old assumption of force on its head.


						
The laboratory of Amit Pathak, professor of mechanical engineering and materials science, found that groups of cells moved faster with lower force when adhered to soft surfaces with aligned collagen fibers. Cells have been thought to continually generate forces as they must overcome friction and drag of their environment to move. However, this conventional need for forces can be reduced in favorable environmental conditions, such as aligned fibers. Their results, published in PLOS Computational Biology Jan. 9, are the first to show this activity in collective cell migration.

Pathak and members of his lab have tracked the movement of human mammary epithelial cells for years, determining that cells move faster on a hard, stiff surface than on a soft surface, where they get stuck. Their research has implications in cancer metastasis and wound healing.

In the new research, they found that cells migrated more than 50% faster on aligned collagen fibers than on random fibers. In addition, they found that cells use aligned fibers as directional cues to guide their migration toward expanding their group.

"We wondered if you apply a force, and there's no friction, can the cells keep going fast without generating more force?" Pathak said. "We realized it's probably dependent on the environment. We thought they would be faster on aligned fibers, like railroad tracks, but what was surprising was that they were actually generating lower forces and still going faster."

Amrit Bagchi, who earned a doctorate in mechanical engineering from McKelvey Engineering in 2022 in Pathak's lab and is now a postdoctoral researcher at the Center for Engineering MechanoBiology at the University of Pennsylvania, went to great lengths to set up the research. Bagchi created a soft hydrogel in the laboratory of Marcus Foston, associate professor of energy, environmental and chemical engineering, over many months during the COVID-19 pandemic, then aligned the fibers using a special magnet at the School of Medicine before putting the cells on it to track their movement.

Bagchi developed a multi-layered motor-clutch model in which the force-generating mechanisms in the cells act as the motor, and the clutch provides the traction for the cells. Bagchi expertly converted the model for the collective cells using three layers -- one for cells, one for the collagen fibers and one for the custom gel underneath -- which all communicated with each other.

"Although the experimental results initially surprised us, they provided the impetus to develop a theoretical model to explain the physics behind this counterintuitive behavior," Bagchi said. "Over time, we came to understand that cells use aligned fibers as a proxy for experiencing frictional forces in a way that differs significantly from the random fiber condition. Our model's concept of matrix mechanosensing and transmission also predicts other well-known collective migration behaviors, such as haptotaxis and durotaxis, offering a unified framework for scientists to explore and potentially extend to other interesting cell migration phenotypes."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250109141125.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Researchers use lab data to rewrite equation for deformation, flow of watery glacier ice | ScienceDaily
Neal Iverson started with two lessons in ice physics when asked to describe a research paper about glacier ice flow that has just been published by the journal Science.


						
First, said the distinguished professor emeritus of Iowa State University's Department of the Earth, Atmosphere, and Climate, there are different types of ice within glaciers. Parts of glaciers are at their pressure-melting temperature and are soft and watery.

That temperate ice is like an ice cube left on a kitchen counter, with meltwater pooling between the ice and the countertop, he said. Temperate ice has been difficult to study and characterize.

Second, other parts of glaciers have cold, hard ice, like an ice cube still in the freezer. This is the kind of ice that has typically been studied and used as the basis of glacier flow models and forecasts.

The new research paper, "Linear-viscous flow of temperate ice," deals with the former, said Iverson, a paper co-author and project supervisor.

The paper describes lab experiments and the resulting data that suggest a standard value within the "empirical foundation of glacier flow modeling" -- an equation known as Glen's flow law, named after the late John W. Glen, a British ice physicist -- should be changed for temperate ice.

The new value when used in the flow law "will tend to predict increases in flow velocity that are much smaller in response to increased stresses caused by ice sheet shrinkage as the climate warms," Iverson said. That would mean models will show less glacier flow into oceans and project less sea-level rise.




An acute need to account for warm glacier ice

Open the walk-in freezer in Iverson's campus lab and you're looking at a 9-foot-tall ring-shear device that's been simulating glacial forces and movement since 2009. It was built with a $530,000 grant from the National Science Foundation. The current study was also supported by NSF grants.

At the center of the device is a ring of ice about 3 feet across and 7 inches thick. Below the ring is a hydraulic press that can put as much as 100 tons of force on the ice and simulate the weight of a glacier 800 feet thick. The ice ring is surrounded by a tub of circulating fluid that regulates the ice temperature to the nearest hundredth of a degree. Electric motors attached to a plate with grippers above the ice ring can rotate the ice at speeds of 1 to 10,000 feet per year.

For this project, researchers modified the device by adding another gripper to the bottom of the ice ring so that rotation of the upper gripper shears the underlying ice.

Collin Schohn, a former master's degree student at Iowa State who's now a geologist with the BBJ Group based in Chicago and is the first author of the group's latest research paper, ran a series of six experiments using the modified device, each experiment lasting about six weeks. The experiments included measurements of the ice's liquid water content, something that hadn't been done in these kinds of experiments since the 1970s.

"These experiments involved deforming the ice at its melting temperatures and at various stresses," Schohn said.




Iverson likened the experiments to grabbing a bagel at the top and the bottom, then twisting the two halves to smear the cream cheese in the middle.

The experimental data showed that ice deformed at a speed that was linearly proportional to the stress, Iverson said. Traditional thinking would have researchers expecting ice to soften with increasing stress, so increments in stress would cause increasingly large increments in speed.

Why does all this matter?

Ice is temperate near the bottoms and edges of the fastest flowing parts of ice sheets and in fast-flowing mountain glaciers, both of which shed ice into oceans and influence sea level. "The need to model and forecast accurately the flow of warm glacier ice is, therefore, acute," the authors wrote.

Resetting n to 1.0

Glen's flow law is written as: e = Atn.

The equation relates the stress on ice, t, to its rate of deformation, e , where A is a constant for a particular ice temperature. Results of the new experiments show that the value of the stress exponent, n, is 1.0 rather than the usually assigned value of 3 or 4.

The authors wrote, "For generations, based on Glen's original experiments and many subsequent experiments mostly on cold ice (-2 degrees C and colder), the value of the stress exponent n in models has been taken to be 3.0." (They also wrote that other studies of the "cold ice of ice sheets" have placed n higher yet, at 4.0.)

The authors wrote, "For generations, based on Glen's original experiments and many subsequent experiments mostly on cold ice (-2 degrees C and colder), the value of the stress exponent n in models has been taken to be 3.0." (They also wrote that other studies of the "cold ice of ice sheets" have placed n higher yet, at 4.0.)

That was, in part, "because experiments with ice at the pressure melting temperature are a challenge," said Lucas Zoet, a paper co-author, a former postdoctoral research associate at Iowa State and the Dean L. Morgridge Associate Professor of geoscience at the University of Wisconsin-Madison. Zoet, a co-supervisor of the project, has built a slightly smaller version of the ring-shear device with transparent walls for his laboratory.

But data from the large-scale, shear-deformation experiments in Iverson's lab raised questions about the assigned value for n. Temperate ice is linear-viscous (n = 1.0) "over common ranges of liquid water content and stress expected near glacier beds and in ice stream margins," the authors wrote.

They proposed that the cause is melting and refreezing along the boundaries of individual, millimeter-to-centimeter scale grains of ice, which should occur at rates linearly proportional to the stress.

These new data allow modelers "to base their ice sheet models on physical relationships demonstrated in the laboratory," Zoet said. "Improving that understanding improves the accuracy of predictions."

It took some perseverance to get the data supporting the new value of n.

"We had been batting this project around for years," Schohn said. "It was really hard to get this to work."

In the end, Iverson said, "considering all the failures and development, this was about a 10-year process."

A long process, the researchers said, that's essential for more accurate models of temperate glacier ice and better predictions of glacier flow and sea-level rise.
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        NASA celebrates Edwin Hubble's discovery of a new universe
        For humans, the most important star in the universe is our Sun. The second-most important star is nestled inside the Andromeda galaxy. Don't go looking for it -- the flickering star is 2.2 million light-years away, and is 1/100,000th the brightness of the faintest star visible to the human eye. Yet, a century ago, its discovery by Edwin Hubble opened humanity's eyes as to how large the universe really is, and revealed that our Milky Way galaxy is just one of hundreds of billions of galaxies in th...

      

      
        This fast and agile robotic insect could someday aid in mechanical pollination
        New insect-scale microrobots can fly more than 100 times longer than previous versions. The new bots, also significantly faster and more agile, could someday be used to pollinate fruits and vegetables.

      

      
        Protein protects biological nitrogen fixation from oxidative stress
        A research team has discovered how the 'Shethna protein II' protects the nitrogen-fixing enzyme nitrogenase from damage. The oxygen sensor protein could help to make nitrogenase usable in biotechnology, thereby reducing the need for synthetic fertilizers.

      

      
        Coyote genes may show urban evolution at work
        A new study outlines the ways by which city life may be shaping the evolution of urban coyotes, the highly adaptable carnivores spotted in alleyways from Berkeley, Calif., to the Bronx, in New York.

      

      
        Invasive pike use marine corridors to colonize new Alaska territory
        Northern pike are moving through salt water to invade freshwater habitats in Southcentral Alaska, according to a new study. It's the first known documentation that northern pike are traveling through estuaries, where fresh water from rivers mixes with the ocean, to colonize new territory in North America.

      

      
        Diversified cropping systems boost nitrogen supply but not soil carbon
        Longer, more diverse rotations of crops fertilized with livestock manure have many environmental benefits, but carbon sequestration isn't one of them, according to a new study.

      

      
        Is eating more red meat bad for your brain?
        People who eat more red meat, especially processed red meat like bacon, sausage and bologna, are more likely to have a higher risk of cognitive decline and dementia when compared to those who eat very little red meat, according to a new study.

      

      
        Crash tests, emergency brake assistants and night bans: How automated lawnmowing is becoming hedgehog-proof
        Night-time collisions with robotic lawnmowers are a significant animal welfare and conservation problem for hedgehogs as these often suffer serious or even fatal injuries. In order to make the operation of robotic lawnmowers hedgehog-safe, researchers are developing special hedgehog dummies and standardized tests to prevent fatal collisions.

      

      
        RNA research: Ribozyme structure revealed
        Researchers have now uncovered the 3D structure of the RNA enzyme SAMURI. Their study provides insights into the development of ribozymes and the evolution of catalytically active RNA.

      

      
        Octopus arms have segmented nervous systems to power extraordinary movements
        New research has revealed that the nervous system circuitry that controls arm movement in octopuses is segmented, giving these extraordinary creatures precise control across all eight arms and hundreds of suckers to explore their environment, grasp objects, and capture prey.

      

      
        Protein shapes can help untangle life's ancient history
        The three-dimensional shape of a protein can be used to resolve deep, ancient evolutionary relationships in the tree of life, according to a new study. It is the first time researchers use data from protein shapes and combine it with data from genomic sequences to improve the reliability of evolutionary trees, a critical resource used by the scientific community for understanding the history of life, monitor the spread of pathogens or create new treatments for disease. Crucially, the approach wor...

      

      
        The hunt narrows for ebolavirus hosts
        Scientists have developed a tool to narrow down potential host species of filoviruses like Ebola and better prioritize wildlife surveillance.

      

      
        Songbirds socialize on the wing during migration
        Evidence from over 18,300 hours of recorded flight calls suggests songbirds may 'talk' to other species as they migrate, forming social connections and -- just maybe -- exchanging information about the journey.

      

      
        Nord Stream methane spread across the southern Baltic Sea
        Methane from the destroyed Nord Stream pipelines spread over a large part of the southern Baltic Sea and remained for several months.

      

      
        'Perfect storm' of mutations drives infection-triggered autoimmune disease
        Researchers have uncovered how chronic hepatitis C infection leads to autoimmune disease, which opens new paths for treatments

      

      
        Detecting hidden genetic relationships in animal populations
        Understanding biological relationships is often critical when studying animal populations. Researchers have now developed a transformative approach that identifies stretches of DNA that two individuals inherited from a common ancestor. The team successfully applied their new tool to a free-ranging population of rhesus macaques. The results show that even for low-quality sequencing data, this method can accurately determine relatedness among pairs of individuals, even without prior knowledge of pe...

      

      
        Bird flu is mutating, but antivirals still work
        Researchers have identified nine mutations in a bird flu strain from a person in Texas. Bad news: this strain is more capable of causing disease and replicates better in the brain. Good news: approved antivirals are still effective.

      

      
        Critical ocean current has not declined in the last 60 years
        The Atlantic Meridional Overturning Circulation (AMOC) has not slowed down since the mid-20th century based on the North Atlantic air-sea heat fluxes over that time. This finding contrasts with studies that have estimated a decline in the AMOC, likely because previous studies rely on sea surface temperature measurements to understand how the AMOC has changed. However, sea surface temperature is not a reliable way to reconstruct the AMOC, according to the authors. Although the AMOC has not decline...

      

      
        Calls to curb invasive species spread via untreated water transfer
        Experts are warning of the risks of spreading invasive and non-native species when moving large volumes of untreated lake, reservoir and river water.

      

      
        Small-scale fisheries essential to global nutrition, livelihoods
        Small-scale fisheries play a significant but overlooked role in global fisheries production and are key to addressing hunger and malnutrition while supporting livelihoods around the world, according to new research. The study rigorously quantified how marine and inland small-scale fisheries contribute to aquatic harvests and nutritional and socioeconomic security on a global scale.

      

      
        How cryogenic microscopy could help strengthen food security
        A research team reports on a novel observation of a plant protection mechanism in response to salt stress. The study opens new avenues of research to strengthen food security.

      

      
        DNA damage can last unrepaired for years, changing our view of mutations
        While most known types of DNA damage are fixed by our cells' in-house DNA repair mechanisms, some forms of DNA damage evade repair and can persist for many years, new research shows. This means that the damage has multiple chances to generate harmful mutations, which can lead to cancer.

      

      
        Could this fundamental discovery revolutionize fertilizer use in farming?
        Researchers have discovered a biological mechanism that makes plant roots more welcoming to beneficial soil microbes.

      

      
        Deep learning designs proteins against deadly snake venom
        New proteins not found in nature have now been designed to counteract certain highly poisonous components of snake venom. The deep learning, computational methods for developing these toxin-neutralizing proteins offer hope for creating safer, more cost-effective and more readily available therapeutics than those currently in use. Each year more than 2 million people suffer snakebites. More than 100,000 die, and 300,000 suffer disabling complications.

      

      
        Ancient genomes reveal an Iron Age society centred on women
        A groundbreaking study finds evidence that land was inherited through the female line in Iron Age Britain, with husbands moving to live with their wife's community. This is believed to be the first time such a system has been documented in European prehistory.

      

      
        Beach guardians: How hidden microbes protect coastal waters in a changing climate
        Beneath sandy beaches, microbes filter chemicals from groundwater and safeguard ocean health. A new study reveals that sneaker waves provide a lens to explore the impending impacts of sea level rise on beach hydrology, chemistry, and microbiology.

      

      
        Gene editing extends lifespan in mouse model of prion disease
        Researchers have developed a gene-editing treatment for prion disease that extends lifespan by about 50 percent in a mouse model of the fatal neurodegenerative condition. The treatment, which uses base editing to make a single-letter change in DNA, reduced levels of the disease-causing prion protein in the brain by as much as 60 percent. The work demonstrates that lowering levels of the prion protein improves lifespan in animals that have been infected with a human version of the protein.

      

      
        Floating solar panels could support US energy goals
        Federal reservoirs could help meet the country's solar energy needs, according to a new study. Geospatial scientists and senior legal and regulatory analyst quantified exactly how much energy could be generated from floating solar panel projects installed on federally owned or regulated reservoirs.

      

      
        Hiroshima flooding: A case study of well usage and adaptive governance
        A researcher conducted a survey on the use of private wells during the 2018 Western Japan floods in Kure City, Hiroshima Prefecture, which was affected by water supply disruptions.

      

      
        Ecologist highlights critical gaps in global wildlife trade monitoring
        Using 22 years of LEMIS data, a recent study explores the dimensions of wildlife trade and obtain one of the most comprehensive overviews to date. The study reveals striking findings: between 2000 and 2022, the US traded almost 30,000 wild species and over 2.85 billion individuals, with over 50% of individuals from most taxa sourced directly from the wild. These findings are significant as the impact of trade on most of these species has never been assessed.

      

      
        Great Barrier Reef fish evidence suggests shifts in major global biodiversity patterns
        Life on the Great Barrier Reef is undergoing big changes in the face of climate change and other human-caused pressures, a new study reveals. From food security to controlling seaweed and even making sand for beaches, reef fish are a hugely important part of marine ecosystems providing a range of benefits to humans and coral reef ecosystems. New research reveals significant transformations in fish communities on the Great Barrier Reef, the World's largest coral reef ecosystem.

      

      
        Genetic tweak optimizes drug-making cells by blocking buildup of toxic byproduct
        Scientists have developed a new strategy to enhance pharmaceutical production in Chinese hamster ovary (CHO) cells, which are commonly used to manufacture protein-based drugs for treating cancer, autoimmune diseases and much more. By knocking out a gene circuit responsible for producing lactic acid -- a metabolite that makes the cells' environment toxic -- researchers eliminate a primary hurdle in developing cells that can produce higher amounts of pharmaceuticals like Herceptin and Rituximab, wi...

      

      
        Hepatitis E vaccination is effective in an epidemic
        Hepatitis E, a potentially serious viral liver disease, is transmitted through contaminated water. The risk is particularly high in populations with limited access to safe water and sanitation. In South Sudan, outbreaks have regularly ravaged camps for internally displaced persons and their host populations. Although a vaccine has been available since 2011, its 3-dose regimen makes it difficult to administer in such a context.

      

      
        Direct discharge electrical pulses for carbon fiber recycling
        Carbon fiber-reinforced polymers (CFRPs) are used in the aerospace, automotive, and sports equipment industries. However, their recycling remains a major problem. In a recent study, researchers demonstrated a novel direct discharge electrical pulse method for the efficient, effective, and environmentally friendly separation of CFRPs to recover high-quality carbon fibers. This work is expected to pave the way for a more sustainable world.

      

      
        What makes some plant species 'ripe' for domestication
        Researchers have proposed that some wild plant species possess certain attributes which make them more suitable for human cultivation than others.

      

      
        Residents of unburned homes reported health symptoms months after Marshall Fire
        Wildfires that burn homes and vehicles could expose people to dangerous airborne compounds through ash and smoke. Research has shown that people returning to their unburned homes may also experience health symptoms months after a nearby fire is extinguished. Through a survey of people affected by the 2021 Marshall Fire in Boulder, Colorado, researchers found that headaches, sore throats and coughs were frequently self-reported by residents living near burned structures.

      

      
        New computer models open door to far more targeted antibiotics
        The new models could give antibiotics a laser-like precision to target only specific bacteria in specific parts of the body. This would represent a major step forward in the battle against the growing problem of antibiotic resistance.

      

      
        study on hemp may lead to more sustainable farming methods
        A new study of hemp microbes may lead to more sustainable farming methods, using nature to boost the growth of the plant which has become increasingly popular for its versatile uses: CBD-rich varieties are in high demand for pharmaceutical products, while fiber-rich varieties are valued for industrial applications like textiles.

      

      
        New mechanism for maintaining genome stability discovered
        New research reveals how the RapA enzyme protects against R-loop cytotoxicity in E. coli.

      

      
        Just as Gouda: Improving the quality of cheese alternatives
        Scientists are working to produce plant-based cheese with all the characteristics of real cheese, but with better health benefits. To create a cheesy product with the same texture as the real thing, they looked at a variety of physical attributes such as the melting, stretching, and oil-release upon grilling and heating and studied isolates from three proteins and how they interacted with the oil and with the starch matrix of the cheese alternative. Using a blend of sunflower and coconut oil decr...

      

      
        Uncurling a single DNA molecule and gluing it down helps sharpen images
        Using advanced imaging techniques and precise microfluidics control to stretch out curly DNA into a straight line, new research demonstrates techniques for stretching and immobilizing DNA with minimum thermal fluctuation to enable detailed analysis. A team at Nagoya University experimented with ways to uncurl a DNA molecule using pressure applied to liquid flowing in a channel, with the pressure flow providing shear force that uncurled the DNA molecule. They found that controlling the flow veloci...

      

      
        Green hydrogen: Big gaps between ambition and implementation
        In recent years, more than 60 countries have developed strategies to stimulate the market ramp-up of hydrogen, particularly in the industrial sector. However, in 2023, less than ten percent of the originally announced green hydrogen production was realized, shows a new study. The main reason: hydrogen remains expensive and there is little willingness to pay the cost.

      

      
        World's oldest 3D map discovered
        Researchers have discovered what may be the world's oldest three-dimensional map, located within a quartzitic sandstone megaclast in the Paris Basin.

      

      
        Researchers develop breakthrough one-step flame retardant for cotton textiles
        Although extremely flammable, cotton is one of the most commonly used textiles due to its comfort and breathable nature. However, in a single step, researchers can reduce the flammability of cotton using a polyelectrolyte complex coating.

      

      
        Need for standardized measurement methods in gene therapy
        Scientists looked at multiple techniques used to measure the modified viruses deployed in some gene therapy research and treatments. One technique, known as SEC-MALS, was the most precise and accurate, while another proved 'problematic.'

      

      
        Wind turbines impair the access of bats to water bodies in agricultural landscapes
        Bats depend on open bodies of water such as small ponds and lakes for foraging and drinking. Access to water is particularly important for survival in the increasingly hot and dry summers caused by climate change, the time when female bats are pregnant and rear their young. A scientific team has now shown that access to drinking sites is hampered by wind turbines in agricultural landscapes: Many bat species avoid the turbines and water bodies located close to the turbines for several kilometers.

      

      
        A 'volume dial' for missed signals produced by our bodies
        Scientists have adapted a sensing platform to detect and even measure chemicals at low enough concentrations to have use outside the lab. The system, which is 10 times more sensitive than previous sensors built by the team, opens the door for the system to be applied to disease detection and monitoring in the human body for nucleic acids and bacteria.

      

      
        Polygamy is (not) for the birds
        Researchers have uncovered new insights into the evolution of bird behavior, revealing why certain mating systems persist while others disappear over time.

      

      
        Atop the Oregon Cascades, team finds a huge buried aquifer
        Scientists have mapped the amount of water stored beneath volcanic rocks at the crest of the central Oregon Cascades and found an aquifer many times larger than previously estimated -- at least 81 cubic kilometers. The finding has implications for the way scientists and policymakers think about water in the region -- an increasingly urgent issue across the Western United States as climate change reduces snowpack, intensifies drought and strains limited resources.

      

      
        DNA nanorobots can alter artificial cells
        Scientists have succeeded in controlling the structure and function of biological membranes with the help of 'DNA origami'. The system they developed may facilitate the transportation of large therapeutic loads into cells. This opens up a new way for the targeted administration of medication and other therapeutic interventions. Thus, a very valuable instrument can be added to the toolbox of synthetic biology.
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NASA celebrates Edwin Hubble's discovery of a new universe | ScienceDaily
For humans, the most important star in the universe is our Sun. The second-most important star is nestled inside the Andromeda galaxy. Don't go looking for it -- the flickering star is 2.2 million light-years away, and is 1/100,000th the brightness of the faintest star visible to the human eye.


						
Yet, a century ago, its discovery by Edwin Hubble, then an astronomer at Carnegie Observatories, opened humanity's eyes as to how large the universe really is, and revealed that our Milky Way galaxy is just one of hundreds of billions of galaxies in the universe ushered in the coming-of-age for humans as a curious species that could scientifically ponder our own creation through the message of starlight. Carnegie Science and NASA are celebrating this centennial at the 245th meeting of the American Astronomical Society in Washington, D.C.

The seemingly inauspicious star, simply named V1, flung open a Pandora's box full of mysteries about time and space that are still challenging astronomers today. Using the largest telescope in the world at that time, the Carnegie-funded 100-inch Hooker Telescope at Mount Wilson Observatory in California, Hubble discovered the demure star in 1923. This rare type of pulsating star, called a Cepheid variable, is used as milepost markers for distant celestial objects. There are no tape-measures in space, but by the early 20th century Henrietta Swan Leavitt had discovered that the pulsation period of Cepheid variables is directly tied to their luminosity.

Many astronomers long believed that the edge of the Milky Way marked the edge of the entire universe. But Hubble determined that V1, located inside the Andromeda "nebula," was at a distance that far exceeded anything in our own Milky Way galaxy. This led Hubble to the jaw-dropping realization that the universe extends far beyond our own galaxy.

In fact Hubble had suspected there was a larger universe out there, but here was the proof in the pudding. He was so amazed he scribbled an exclamation mark on the photographic plate of Andromeda that pinpointed the variable star.

As a result, the science of cosmology exploded almost overnight. Hubble's contemporary, the distinguished Harvard astronomer Harlow Shapley, upon Hubble notifying him of the discovery, was devastated. "Here is the letter that destroyed my universe," he lamented to fellow astronomer Cecilia Payne-Gaposchkin, who was in his office when he opened Hubble's message.

Just three years earlier, Shapley had presented his observational interpretation of a much smaller universe in a debate one evening at the Smithsonian Museum of Natural History in Washington. He maintained that the Milky Way galaxy was so huge, it must encompass the entirety of the universe. Shapley insisted that the mysteriously fuzzy "spiral nebulae," such as Andromeda, were simply stars forming on the periphery of our Milky Way, and inconsequential.




Little could Hubble have imagined that 70 years later, an extraordinary telescope named after him, lofted hundreds of miles above the Earth, would continue his legacy. The marvelous telescope made "Hubble" a household word, synonymous with wonderous astronomy.

Today, NASA's Hubble Space Telescope pushes the frontiers of knowledge over 10 times farther than Edwin Hubble could ever see. The space telescope has lifted the curtain on a compulsive universe full of active stars, colliding galaxies, and runaway black holes, among the celestial fireworks of the interplay between matter and energy.

Edwin Hubble was the first astronomer to take the initial steps that would ultimately lead to the Hubble Space Telescope, revealing a seemingly infinite ocean of galaxies. He thought that, despite their abundance, galaxies came in just a few specific shapes: pinwheel spirals, football-shaped ellipticals, and oddball irregular galaxies. He thought these might be clues to galaxy evolution -- but the answer had to wait for the Hubble Space Telescope's legendary Hubble Deep Field in 1994.

The most impactful finding that Edwin Hubble's analysis showed was that the farther the galaxy is, the faster it appears to be receding from Earth. The universe looked like it was expanding like a balloon. This was based on Hubble tying galaxy distances to the reddening of light -- the redshift -- that proportionally increased the father away the galaxies are.

The redshift data were first collected by Lowell Observatory astronomer Vesto Slipher, who spectroscopically studied the "spiral nebulae" a decade before Hubble. Slipher did not know they were extragalactic, but Hubble made the connection. Slipher first interpreted his redshift data an example of the Doppler effect. This phenomenon is caused by light being stretched to longer, redder wavelengths if a source is moving away from us. To Slipher, it was curious that all the spiral nebulae appeared to be moving away from Earth.

Two years prior to Hubble publishing his findings, the Belgian physicist and Jesuit priest Georges Lemaitre analyzed the Hubble and Slifer observations and first came to the conclusion of an expanding universe. This proportionality between galaxies' distances and redshifts is today termed Hubble-Lemaitre's law.




Because the universe appeared to be uniformly expanding, Lemaitre further realized that the expansion rate could be run back into time -- like rewinding a movie -- until the universe was unimaginably small, hot, and dense. It wasn't until 1949 that the term "big bang" came into fashion.

This was a relief to Edwin Hubble's contemporary, Albert Einstein, who deduced the universe could not remain stationary without imploding under gravity's pull. The rate of cosmic expansion is now known as the Hubble Constant.

Ironically, Hubble himself never fully accepted the runaway universe as an interpretation of the redshift data. He suspected that some unknown physics phenomenon was giving the illusion that the galaxies were flying away from each other. He was partly right in that Einstein's theory of special relativity explained redshift as an effect of time-dilation that is proportional to the stretching of expanding space. The galaxies only appear to be zooming through the universe. Space is expanding instead.

After decades of precise measurements, the Hubble telescope came along to nail down the expansion rate precisely, giving the universe an age of 13.8 billion years. This required establishing the first rung of what astronomers call the "cosmic distance ladder" needed to build a yardstick to far-flung galaxies. They are cousins to V1, Cepheid variable stars that the Hubble telescope can detect out to over 100 times farther from Earth than the star Edwin Hubble first found.

Astrophysics was turned on its head again in 1998 when the Hubble telescope and other observatories discovered that the universe was expanding at an ever-faster rate, through a phenomenon dubbed "dark energy." Einstein first toyed with this idea of a repulsive form of gravity in space, calling it the cosmological constant.

Even more mysteriously, the current expansion rate appears to be different than what modern cosmological models of the developing universe would predict, further confounding theoreticians. Today astronomers are wrestling with the idea that whatever is accelerating the universe may be changing over time. NASA's Roman Space Telescope, with the ability to do large cosmic surveys, should lead to new insights into the behavior of dark matter and dark energy. Roman will likely measure the Hubble constant via lensed supernovae.

This grand century-long adventure, plumbing depths of the unknown, began with Hubble photographing a large smudge of light, the Andromeda galaxy, at the Mount Wilson Observatory high above Los Angeles.

In short, Edwin Hubble is the man who wiped away the ancient universe and discovered a new universe that would shrink humanity's self-perception into being an insignificant speck in the cosmos.
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This fast and agile robotic insect could someday aid in mechanical pollination | ScienceDaily
With a more efficient method for artificial pollination, farmers in the future could grow fruits and vegetables inside multilevel warehouses, boosting yields while mitigating some of agriculture's harmful impacts on the environment.


						
To help make this idea a reality, MIT researchers are developing robotic insects that could someday swarm out of mechanical hives to rapidly perform precise pollination. However, even the best bug-sized robots are no match for natural pollinators like bees when it comes to endurance, speed, and maneuverability.

Now, inspired by the anatomy of these natural pollinators, the researchers have overhauled their design to produce tiny, aerial robots that are far more agile and durable than prior versions.

The new bots can hover for about 1,000 seconds, which is more than 100 times longer than previously demonstrated. The robotic insect, which weighs less than a paperclip, can fly significantly faster than similar bots while completing acrobatic maneuvers like double aerial flips.

The revamped robot is designed to boost flight precision and agility while minimizing the mechanical stress on its artificial wing flexures, which enables faster maneuvers, increased endurance, and a longer lifespan.

The new design also has enough free space that the robot could carry tiny batteries or sensors, which could enable it to fly on its own outside the lab.

"The amount of flight we demonstrated in this paper is probably longer than the entire amount of flight our field has been able to accumulate with these robotic insects. With the improved lifespan and precision of this robot, we are getting closer to some very exciting applications, like assisted pollination," says Kevin Chen, an associate professor in the Department of Electrical Engineering and Computer Science (EECS), head of the Soft and Micro Robotics Laboratory within the Research Laboratory of Electronics (RLE), and the senior author of an open-access paper on the new design.




Chen is joined on the paper by co-lead authors Suhan Kim and Yi-Hsuan Hsiao, who are EECS graduate students; as well as EECS graduate student Zhijian Ren and summer visiting student Jiashu Huang. The research appears today in Science Robotics.

Boosting performance

Prior versions of the robotic insect were composed of four identical units, each with two wings, combined into a rectangular device about the size of a microcassette.

"But there is no insect that has eight wings. In our old design, the performance of each individual unit was always better than the assembled robot," Chen says.

This performance drop was partly caused by the arrangement of the wings, which would blow air into each other when flapping, reducing the lift forces they could generate.

The new design chops the robot in half. Each of the four identical units now has one flapping wing pointing away from the robot's center, stabilizing the wings and boosting their lift forces. With half as many wings, this design also frees up space so the robot could carry electronics.




In addition, the researchers created more complex transmissions that connect the wings to the actuators, or artificial muscles, that flap them. These durable transmissions, which required the design of longer wing hinges, reduce the mechanical strain that limited the endurance of past versions.

"Compared to the old robot, we can now generate control torque three times larger than before, which is why we can do very sophisticated and very accurate path-finding flights," Chen says.

Yet even with these design innovations, there is still a gap between the best robotic insects and the real thing. For instance, a bee has only two wings, yet it can perform rapid and highly controlled motions.

"The wings of bees are finely controlled by a very sophisticated set of muscles. That level of fine-tuning is something that truly intrigues us, but we have not yet been able to replicate," he says.

Less strain, more force

The motion of the robot's wings is driven by artificial muscles. These tiny, soft actuators are made from layers of elastomer sandwiched between two very thin carbon nanotube electrodes and then rolled into a squishy cylinder. The actuators rapidly compress and elongate, generating mechanical force that flaps the wings.

In previous designs, when the actuator's movements reach the extremely high frequencies needed for flight, the devices often start buckling. That reduces the power and efficiency of the robot. The new transmissions inhibit this bending-buckling motion, which reduces the strain on the artificial muscles and enables them to apply more force to flap the wings.

Another new design involves a long wing hinge that reduces torsional stress experienced during the flapping-wing motion. Fabricating the hinge, which is about 2 centimeters long but just 200 microns in diameter, was among their greatest challenges.

"If you have even a tiny alignment issue during the fabrication process, the wing hinge will be slanted instead of rectangular, which affects the wing kinematics," Chen says.

After many attempts, the researchers perfected a multistep laser-cutting process that enabled them to precisely fabricate each wing hinge.

With all four units in place, the new robotic insect can hover for more than 1,000 seconds, which equates to almost 17 minutes, without showing any degradation of flight precision.

"When my student Nemo was performing that flight, he said it was the slowest 1,000 seconds he had spent in his entire life. The experiment was extremely nerve-racking," Chen says.

The new robot also reached an average speed of 35 centimeters per second, the fastest flight researchers have reported, while performing body rolls and double flips. It can even precisely track a trajectory that spells M-I-T.

"At the end of the day, we've shown flight that is 100 times longer than anyone else in the field has been able to do, so this is an extremely exciting result," he says.

From here, Chen and his students want to see how far they can push this new design, with the goal of achieving flight for longer than 10,000 seconds.

They also want to improve the precision of the robots so they could land and take off from the center of a flower. In the long run, the researchers hope to install tiny batteries and sensors onto the aerial robots so they could fly and navigate outside the lab.

"This new robot platform is a major result from our group and leads to many exciting directions. For example, incorporating sensors, batteries, and computing capabilities on this robot will be a central focus in the next three to five years," Chen says.

This research is funded, in part, by the U.S. National Science Foundation and a Mathworks Fellowship.
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Protein protects biological nitrogen fixation from oxidative stress | ScienceDaily
A research team from the University of Freiburg led by biochemist Prof. Dr. Oliver Einsle has discovered how the "Shethna protein II" protects the nitrogen-binding enzyme nitrogenase from damage. The protein could help to make nitrogenase usable in biotechnology and thus reduce the amount of synthetic fertiliser used. The results have been published in the journal Nature.


						
A small helper for big tasks: an oxygen sensor protein protects the enzymatic machinery of biological nitrogen fixation from serious damage. Its use in biotechnology could help to reduce the use of synthetic fertiliser in agriculture in the future. A research team led by biochemist Prof. Dr Oliver Einsle from the Faculty of Chemistry and Pharmacy and the Centre for Biological Signalling Studies (BIOSS) at the University of Freiburg has discovered exactly how the so-called Shethna protein II works. The scientists used the newly established cryo-electron microscopy in Freiburg. Their results have been published in the journal Nature.

Nitrogen fertiliser is ecologically problematic

The element nitrogen is an essential component of all living organisms; in agriculture, it is often added as fertiliser to enable high yields over the long term. However, the production and application of these fertilisers is problematic in terms of energy and the environment. For years, attempts have therefore been made to transfer the natural nitrogen fixation in bacteria and archaea to crops. The enzyme nitrogenase is responsible for the binding of nitrogen. One of the most serious problems with the transfer to plants is that nitrogenase is extremely sensitive to atmospheric oxygen, which is produced by plants themselves during the process of photosynthesis.

Shethna protein II forms a complex with the enzyme nitrogenase.

Philipp Franke, Simon Freiberger and Dr. Lin Zhang from the team led by Prof. Oliver Einsle has now been able to show how a small factor, the Shethna protein II, registers an increase in oxygen concentration. It then very quickly forms a complex with the two components of the enzyme nitrogenase, which protects them from oxidative damage. In this process, the activated Shethna protein II binds the much larger nitrogenase and its associated reductase, forming long filaments with both proteins in which oxygen cannot reach the active centres of the nitrogenase. As soon as the cells overcome this oxidative stress, the complex dissolves and the enzyme can resume its work.

Use in plant cells is conceivable

Even if nitrogenase is produced directly in plant cells, it is likely that such short stress phases with increased oxygen concentrations will occur again and again. In the case of biotechnological use, the co-production of the small Shethna protein II could then help to protect the elaborately synthesised enzymes in their new environment and maintain their function in the plant cell. "The production of functioning nitrogenase in plants would initiate a paradigm shift in green biotechnology, and this small protein can make a decisive contribution to making this possible," says Einsle.
    	Prof. Dr Oliver Einsle is a professor of biochemistry at the Faculty of Chemistry and Pharmacy and a member of the Centre for Biological Signalling Studies (BIOSS) at the University of Freiburg. His research focuses on the structure, function and biogenesis of complex enzyme systems. Philipp Franke, Simon Freiberger and Dr. Lin Zhang are members of Oliver Einsle's research group.
    	The project was funded by the European Union with an ERC Advanced Grant for Prof. Dr. Oliver Einsle and by the German Research Foundation (DFG) as part of the Collaborative Research Centre 'Dynamic Organization of Cellular Protein Machineries'.
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Coyote genes may show urban evolution at work | ScienceDaily
A new study outlines the ways by which city life may be shaping the evolution of urban coyotes, the highly adaptable carnivores spotted in alleyways from Berkeley, Calif., to the Bronx, in New York.


						
Historically, evolution was thought to occur on vast chronological scales. But scientists now understand that evolution can happen within just a few generations. Urban areas offer a unique glimpse into how evolution functions on smaller timescales and how species adapt to human presence and novel environments.

Some species, like coyotes, seem particularly well suited to living alongside humans.

"Coyotes are doing really well in urban spaces," said Elizabeth Carlen, a postdoctoral fellow with the Living Earth Collaborative at Washington University in St. Louis and senior author of a study in Genome Biology and Evolution.

"Given the close evolutionary relationship between coyotes and domestic dogs, we leveraged the dog genome to think about what genes could be under selection in urban areas and how they might be changing," Carlen said.

"For coyotes in particular, the ecological differences between urban and rural individuals have been well characterized," said Samantha Kreling, a PhD candidate at the University of Washington, first author of the new study. "However, while we know that genetic and ecological differences exist, few studies have looked at specific genes or the genome regions that may be affected. In our study, we present candidate genes to investigate for adaptive evolution in urban coyotes."

The candidate gene approach involves researchers identifying particular genes of interest to sequence and compare. While whole-genome and epigenome sequencing are the gold standard for understanding evolutionary change and adaptation, these methods can be cost-prohibitive -- especially for wildlife-focused budgets, Carlen explained.




For studies with limited budgets, targeting specific candidate genes for sequencing can allow testing of hypotheses while maintaining sufficient sample sizes to have statistical power. Carlen and Kreling's new study provides examples of life history traits that may be under selection in urban coyotes as well as a list of candidate genes that have the potential to be implicated -- including genes related to diet, health, thermoregulation, behavior, cognition and reproduction.

Take, for example, the genes related to the coyote's eating habits.

While the majority of a rural coyote's diet consists of rabbits, mice and other small mammals, urban coyotes have easy access to outdoor pet food and human refuse. This likely translates into higher consumption of glucose and starches, WashU's Carlen said.

If sugar intake is sufficient to cause insulin resistance and subsequent negative health outcomes, then the genes that help regulate insulin sensitivity and production may be selected for. Likewise, urban coyotes probably need to be able to digest more starch, as seen in previous research with domestic dogs, who have increased copy numbers of AMY2B, a gene responsible for amylase production and increased starch digestion efficiency.

Living alongside humans

Coyotes are increasingly common in urban areas throughout the United States, but local population trends vary. "We do know that we're getting more coyotes on the East Coast because wolves have been displaced," Carlen said.




"In these places, we're seeing more coyotes because they're occupying the niche space that previously would have been occupied by wolves," she said. "Because if a wolf shows up in the Bronx, it's going to be killed. But coyotes can fit in."

In St. Louis, another project supported by the Living Earth Collaborative, the Forest Park Living Lab, is using motion-triggered wildlife cameras and GPS collars to study coyotes in and around Forest Park, near WashU.

In 2024, members of the local community followed along as a reporter and photographer from the St. Louis Post-Dispatch described the scientists' efforts trapping and tracking a visiting male coyote and a female mother of pups. Tracking data was supposed to be collected for one year, but unfortunately each adult coyote died within months of being released.

Studying urban coyotes is interesting and challenging, said Carlen, who has contributed to local coyote research led by partner organizations including the Saint Louis Zoo. The animals are smart and tend to want to hide from people.

"There is a lot of misplaced fear around coyotes," she said. "This is a decently large animal to be living alongside humans in our urban spaces, but I think that they are unfairly persecuted."

She hopes this study will serve as a guideline for scientists researching urban adaptation in coyotes, as well as a starting point for other urban evolutionary biologists studying other species to create their own candidate gene catalog.

"While we have seen continued growth in the field of urban evolution, research work linking specific genes to adaptation in urban regions is still relatively unexplored," Carlen said.
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Invasive pike use marine corridors to colonize new Alaska territory | ScienceDaily
Northern pike are moving through salt water to invade freshwater habitats in Southcentral Alaska, according to a new study.


						
Researchers at the University of Alaska Fairbanks and the Alaska Department of Fish and Game made the discovery by collecting and analyzing tiny ear stones called otoliths from northern pike caught in the region. It's the first known documentation that northern pike are traveling through estuaries, where fresh water from rivers mixes with the ocean, to colonize new territory in North America.

The discovery offers new insights into the ongoing spread of northern pike throughout Southcentral Alaska. A native species in Interior and Western Alaska, northern pike were illegally introduced to the Susitna River basin in the 1950s. Since then, the predatory fish has become established in more than 150 lakes and rivers in the region.

Until now, the spread of northern pike was thought to be limited to freshwater corridors or illegal introductions by people.

"They're a freshwater fish, and it was thought that Cook Inlet represented a marine barrier stopping them from moving from watershed to watershed," said Matthew Wooller, a professor at the UAF College of Fisheries and Ocean Sciences and lead author of the paper.

Wooller, who is also director of the Alaska Stable Isotope Facility at UAF, led the team's efforts to reconstruct the movements of pike by analyzing otoliths collected by ADFG since 2019. The composition of strontium isotopes in the layers of an otolith can be matched with chemical signatures in various waterways, showing where a fish traveled during its life.

"Strontium varies according to geology and location," Wooller said. "If pike are moving between watersheds, you can pick it up by analyzing strontium in the otoliths."

The study found three pike from three separate locations with isotopic signatures matching upper Cook Inlet water, suggesting they had occupied the inlet at some point. Those fish were caught in freshwater habitats that connect to Cook Inlet: Campbell Lake and Westchester Lagoon, both in Anchorage, and Vogel Lake on the Kenai Peninsula. The discovery highlights the steep challenge of limiting the spread of northern pike in the region. It suggests that ocean-connected waterways where northern pike have been eradicated may become reinvaded.




As efficient predators, pike impact native fish species such as salmon when they invade new territory.

The newfound realization that the fish are moving through estuaries "is just one more reason that northern pike are a poster child of what makes a formidable invasive species," said Peter Westley, a UAF associate professor of fisheries who has studied northern pike in their native and introduced ranges for over a decade.

While concerning, the new research also could lead to more targeted action against the invasive fish.

"Confirming northern pike can use this pathway gave us the information we needed to now focus on preventing this spread and protecting valuable habitats," said Parker Bradley, an ADFG invasive species biologist.

Kristine Dunker, who coordinates an ADFG program to manage invasive northern pike in Southcentral Alaska, said "the findings will help direct resources toward monitoring areas without pike that are at the highest risk of invasion.

"This discovery has been a step forward, both scientifically with our understanding of northern pike ecology in North America and also for our invasive northern pike management here at home," Dunker said.

Along with Wooller, Bradley, Dunker and Westley, contributors to the paper included Karen Spaleta at UAF and Robert Massengill, formerly at ADFG.
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Diversified cropping systems boost nitrogen supply but not soil carbon | ScienceDaily
Longer, more diverse rotations of crops fertilized with livestock manure have many environmental benefits, but carbon sequestration isn't one of them, according to a new study led by Iowa State University researchers.


						
The findings, published this month in Nature Sustainability, counter long-standing assumptions and could have implications for various carbon-market initiatives designed to help mitigate climate change, said Wenjuan Huang, assistant professor of ecology, evolution and organismal biology.

"In a diversified cropping system, there's more carbon input. So we have figured there would be more carbon stored in the soil. But actually, carbon levels in the soil didn't change over 20 years, though these regenerative management practices are still valuable in other ways," said Huang, one of the study's lead co-authors.

The study is based on data collected from the ongoing field trial at Iowa State's Marsden Farm just east of Boone, which since 2001 has compared a traditional two-year corn-soybean rotation to three- and four-year systems that mix in a year or two of alfalfa, clover or oats and replace most of the synthetic nitrogen fertilizer for corn with cattle manure.

A greater variety of roots and the addition of manure increase carbon input in the three- and four-year rotations. But putting more organic matter in the soil also stimulates microbial activity, which boosts decomposition and causes an uptick in carbon dioxide emissions that can counteract the increased carbon input. Samples of both topsoil and cores a little more than 3 feet deep had similar soil organic carbon levels in all three types of test plots, while the soil cores from diversified cropping systems produced more carbon dioxide when incubated in the lab for a little more than a year.

By analyzing stable carbon isotopes in the soil core emissions, researchers found the intensified decay in longer rotations wasn't just using up the additional carbon inputs. All samples gave off similar levels of carbon dioxide from corn-plant residue, even though corn was grown more frequently in the standard two-year rotation. That shows the amped-up decomposition in diversified cropping systems feeds in part on older organic matter from previous corn plants, Huang said.

The novel carbon-chasing method used in the study, which was funded in part by a grant from the U.S. Department of Agriculture, could help researchers -- and carbon markets -- improve their models for predicting carbon change in soil.




"Isotopes improve our understanding of how long carbon can remain in soil. In a sense, we can ask the soil microbes what they had for dinner," said study co-author Steven Hall, now an assistant professor at the University of Wisconsin-Madison, who initiated and led the study during his previous position at Iowa State.

Even without sequestering more carbon, diversified cropping systems can have a positive climate impact. Soil organic matter breaking down faster also produces more of the type of nitrogen crops need to thrive, especially corn. Organic nitrogen converted into plant-feeding inorganic nitrogen at a rate about 70% higher in the longer-rotation soil samples, researchers found.

Heightened nitrogen availability in the diversified cropping systems helped manure supplant enough synthetic fertilizer to reduce emissions of nitrous oxide, a potent heat-trapping gas, by an estimated carbon dioxide equivalent of 60-70%. That also could be a relevant factor for carbon markets to consider, Huang said.

"The trade-off between carbon accrual and nitrogen supply is important," Huang said.
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Is eating more red meat bad for your brain? | ScienceDaily
People who eat more red meat, especially processed red meat like bacon, sausage and bologna, are more likely to have a higher risk of cognitive decline and dementia when compared to those who eat very little red meat, according to a study published in the January 15, 2025, online issue of Neurology(r), the medical journal of the American Academy of Neurology.


						
"Red meat is high in saturated fat and has been shown in previous studies to increase the risk of type 2 diabetes and heart disease, which are both linked to reduced brain health," said study author Dong Wang, MD, ScD, of Brigham and Women's Hospital in Boston. "Our study found processed red meat may increase the risk of cognitive decline and dementia, but the good news is that it also found that replacing it with healthier alternatives, like nuts, fish and poultry, may reduce a person's risk."

To examine the risk of dementia, researchers included a group of 133,771 people with an average age of 49 who did not have dementia at the start of the study. They were followed up to 43 years. Of this group, 11,173 people developed dementia.

Participants completed a food diary every two to four years, listing what they ate and how often.

Researchers defined processed red meat as bacon, hot dogs, sausages, salami, bologna and other processed meat products. They defined unprocessed red meat as beef, pork, lamb and hamburger. A serving of red meat is three ounces, about the size of a deck of cards.

Researchers calculated how much red meat participants ate on average per day.

For processed red meat, they divided participants into three groups. The low group ate an average of fewer than 0.10 servings per day; the medium group ate between 0.10 and 0.24 servings per day; and the high group, 0.25 or more servings per day.




After adjusting for factors such as age, sex and other risk factors for cognitive decline, researchers found that participants in the high group had a 13% higher risk of developing dementia compared to those in the low group.

For unprocessed red meat, researchers compared people who ate an average of less than one half serving per day to people who ate one or more servings per day and did not find a difference in dementia risk.

To measure subjective cognitive decline, researchers looked at a different group of 43,966 participants with an average age of 78. Subjective cognitive decline is when a person reports memory and thinking problems before any decline is large enough to show up on standard tests.

The subjective cognitive decline group took surveys rating their own memory and thinking skills twice during the study.

After adjusting for factors such as age, sex and other risk factors for cognitive decline, researchers found that participants who ate an average of 0.25 servings or more per day of processed red meat had a 14% higher risk of subjective cognitive decline compared to those who ate an average of fewer than 0.10 servings per day.

They also found people who ate one or more servings of unprocessed red meat per day had a 16% higher risk of subjective cognitive decline compared to people who ate less than a half serving per day.




To measure objective cognitive function, researchers looked at a different group of 17,458 female participants with an average age of 74. Objective cognitive function is how well your brain works to remember, think and solve problems.

This group took memory and thinking tests four times during the study.

After adjusting for factors such as age, sex and other risk factors for cognitive decline, researchers found that eating higher processed red meat was associated with faster brain aging in global cognition with 1.61 years with each additional serving per day and in verbal memory with 1.69 years with each additional serving per day.

Finally, researchers found that replacing one serving per day of processed red meat with one serving per day of nuts and legumes was associated with a 19% lower risk of dementia and 1.37 fewer years of cognitive aging. Making the same substitution for fish was associated with a 28% lower risk of dementia and replacing with chicken was associated with a 16% lower risk of dementia.

"Reducing how much red meat a person eats and replacing it with other protein sources and plant-based options could be included in dietary guidelines to promote cognitive health," said Wang. "More research is needed to assess our findings in more diverse groups."

A limitation of the study was that it primarily looked at white health care professionals, so the results might not be the same for other race, ethnic and non-binary sex and gender populations.

The study was supported by the National Institutes of Health.
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Crash tests, emergency brake assistants and night bans: How automated lawnmowing is becoming hedgehog-proof | ScienceDaily
Night-time collisions with robotic lawnmowers are a significant animal welfare and conservation problem for hedgehogs as these often suffer serious or even fatal injuries. In order to make the operation of robotic lawnmowers hedgehog-safe, the Leibniz Institute for Zoo and Wildlife Research (Leibniz-IZW), the specialist crash test company CTS and the computer magazine c't are developing special hedgehog dummies and standardised tests to prevent fatal collisions. National and international experts will be discussing the latest developments in this project and many other topics related to hedgehog research, animal welfare and conservation at two conferences organised by the Leibniz-IZW in Berlin from January 16 to 19, 2025.


						
In October 2024, Leibniz-IZW, CTS and c't carried out tests on prototypes of hedgehog dummies to assess their similarity to real hedgehogs. These dummies should not necessarily look like real hedgehogs to the human eye, but should "behave" identically when a robotic lawnmower approaches and collides with them, so that realistic and standardised safety tests for the mowers can be carried out. In the test series, the team compared a prototype developed by CTS with real, already deceased hedgehogs collected at the Leibniz-IZW. The dummies have a 3D-printed internal skeleton, can be heated to hedgehog body temperature, have different sizes and shapes (curled and uncurled) and resemble hedgehogs as closely as possible in appearance, weight-to-size ratio, mobility and flexibility -- so that in future they can be used in tests on all robotic mower models regardless of their object detection sensor technology (laser, ultrasound, optical, thermal imaging or contacts in the bumper) to assess the extent to which these models can recognise hedgehogs. Accurate design, correct weight and stability are essential, especially for mechanical detection with impact sensors. In addition to testing the detection of hedgehogs, the injuries of the hedgehog carcasses and the dummies in the event of identical (forced) robotic mower accidents were analysed.

"The tests revealed a close resemblance between the injuries of the hedgehog carcasses and the dummies during the forced collisions," says hedgehog expert Dr Anne Berger from the Leibniz-IZW. "However, the dummies are still a little too heavy and inflexible compared to real hedgehogs and will still undergo some improvements in the coming months. The team will carry out final tests again in spring 2025 and finalise the dummies." Berger and her colleagues at CTS and c't are working towards the introduction of an SI-DIN standard in Germany, which would make standardised crash tests for robotic lawnmowers with these dummies mandatory for all brands and models on the market. The tests will demonstrate the extent to which each robot mower model is able to reliably detect hedgehogs and initiate evasive manoeuvres or emergency braking.

In the past, Berger and her colleagues have conducted extensive empirical investigations on hedgehog cuts caused by robotic lawnmowers. For example, they analysed 370 cases of cut injuries reported throughout Germany and found that their occurrence was evenly distributed across the days of the week. "This is a clear indication that robotic lawn mowers are often the cause of these injuries, as these devices are the only ones that can legally be used on a Sunday," says Berger. Almost half of the animals found and reported (at 47%) did not survive the injury. Hedgehog rescue centres also report a steady increase in the number of cases of injured hedgehogs, which indicates a growing conservation problem in the context of declining hedgehog populations in Germany. "We furthermore suspect that a high number of cases of injured or deceased hedgehogs are not even found or reported," says Berger.

As hedgehogs sometimes have to live for a longer period of time with the injuries they suffer and such animal suffering is prohibited by law -- provided there are alternatives that do not cause the same level of pain or harm -- scientists such as Berger are working with partners in Germany and elsewhere to develop such alternatives. One of these are robotic mowers, which can and must prove in standardised tests that they can reliably detect hedgehogs and avoid them.

However, there are also other promising -- and even faster ways -- to improve the protection of hedgehogs, says Berger. A ban on the use of robotic lawnmowers at night, as some local authorities in Germany have already implemented, would significantly reduce the risk to hedgehogs. Unsupervised operation at night is particularly dangerous for hedgehogs, as they are nocturnal and do not run away from danger, but remain stationary and as quiet as possible. If they are run over and are injured by the robots, they will -- if they still can -- silently seek the protection of hedges and bushes so as not to attract the attention of predators, for whom they would then be easy prey. Unfortunately, even minor cuts can lead to severe inflammation or the laying of fly eggs in the wounds later and thus, if left untreated, to death.

From January 16th to 19th, 2025, national and international hedgehog experts will meet for two conferences at the invitation of the Leibniz-IZW in Berlin. The "10th Meeting of the European Hedgehog Research Group" on 16 and 17 January will focus on new research perspectives on hedgehogs, for example on genetics, diseases and parasites, as well as on risks, population development and conservation. This will be followed on January 18 and 19 by the "2. Austausch- und Weiterbildungs-Veranstaltung fur Igel- und Wildtierpflegestationen," an exchange and training meeting for German hedgehog and wildlife care stations at which topical practical problems in the care of hedgehogs and other wildlife will be discussed and scientific information provided. The meeting also serves to improve networking amongst the various hedgehog and wildlife rescue centres in German-speaking countries and thus increase the impact of each individual centre's work to protect the animals.

The latest findings from the dummy crash tests by Leibniz-IZW, CTS and c't will be presented to the community at the conferences and discussed with the experts present. At the next meeting of the hedgehog community from Germany and Europe, DIN-certified safety tests may already be a topic of the sessions.
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RNA research: Ribozyme structure revealed | ScienceDaily
Researchers led by chemist Claudia Hobartner have now uncovered the 3D structure of the RNA enzyme SAMURI. Their study provides insights into the development of ribozymes and the evolution of catalytically active RNA.


						
RNA molecules are an integral part of the human body: In cells, they ensure the transfer of genetic information and regulate the activity of genes. Some even act as catalysts, allowing chemical reactions to take place that would otherwise take place very slowly or not at all. Enzymes made of RNA are called "ribozymes."

A group of researchers led by Professor Claudia Hobartner at the University of Wurburg (JMU) has now uncovered the three-dimensional structure of a very special ribozyme: SAMURI. This is an RNA molecule generated in the lab that the team first presented in 2023. The researchers from the Institute of Organic Chemistry were able to determine the 3D structure of SAMURI using X-ray crystallography and in collaboration with Professor Hermann Schindelin from the Rudolf Virchow Centre in Wurzburg.

Small Changes with a Big Impact

What makes SAMURI so interesting for the researchers is its very special ability: the ribozyme can chemically modify other RNA molecules at a specific site and thus influence their function -- for example, activate them or render them recognisable by proteins. Such modifications have some very important tasks in nature and ensure that RNAs can carry out their function properly. If errors occur in this regulation, i.e. if an RNA has too many or too few chemical changes, this can lead to the failure of certain metabolic processes.

"We can think of RNA molecules as sentences made up of individual words and letters (nucleosides)," explains Hobartner. "The smallest changes at individual points -- such as the replacement of a letter -- can completely change the meaning of a word or the entire sentence. Just as the word "bat" becomes "cat" by changing a letter, thus describing two distinct animals with very different abilities, it is similar at the cellular level: "Here, the RNA receives the new information by nature making small chemical changes to it. In science, these are called modifications. Enzymes carry out a chemical reaction on the RNA, using a helper molecule called S-adenosylmethionine, or SAM for short, which is important for many processes in the cell."

SAMURI also uses SAM to introduce modifications in the RNA. It is exciting to note that some natural RNA molecules discovered in bacteria can also interact with SAM -- but without catalysing the chemical reaction. These RNAs are called riboswitches, and they do not chemically modify other RNAs.




Thanks to the deciphered molecular structure of SAMURI, the researchers can now better answer the question of how the specific interaction of artificial ribozymes with SAM differ from natural riboswitches. Studies suggest that naturally occurring SAM-binding RNA could be derived from earlier ribozymes that lost their catalytic function during evolution," says Hobartner.

Basic Research Guides the Development of New Therapeutic Strategies

Knowledge of the structure and function of catalytic RNA is important for improving existing ribozymes and developing new ones. For example, it would be important for research into natural RNA modifications -- for example, to visualise them, but also for their use in therapeutic RNAs.

"Our findings could therefore provide new directions for the development of RNA-based therapeutics" says Hobartner. "It is conceivable that further developed ribozymes could one day be used as drugs themselves."

The work was funded by the German Research Foundation (DFG).
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Octopus arms have segmented nervous systems to power extraordinary movements | ScienceDaily
Octopus arms move with incredible dexterity, bending, twisting, and curling with nearly infinite degrees of freedom. New research from the University of Chicago revealed that the nervous system circuitry that controls arm movement in octopuses is segmented, giving these extraordinary creatures precise control across all eight arms and hundreds of suckers to explore their environment, grasp objects, and capture prey.


						
"If you're going to have a nervous system that's controlling such dynamic movement, that's a good way to set it up," said Clifton Ragsdale, PhD, Professor of Neurobiology at UChicago and senior author of the study. "We think it's a feature that specifically evolved in soft-bodied cephalopods with suckers to carry out these worm-like movements."

The study, "Neuronal segmentation in cephalopod arms," was published January 15, 2025, in Nature Communications.

Each octopus arm has a massive nervous system, with more neurons combined across the eight arms than in the animal's brain. These neurons are concentrated in a large axial nerve cord (ANC), which snakes back and forth as it travels down the arm, every bend forming an enlargement over each sucker.

Cassady Olson, a graduate student in Computational Neuroscience who led the study, wanted to analyze the structure of the ANC and its connections to musculature in the arms of the California two-spot octopus (Octopus bimaculoides), a small species native to the Pacific Ocean off the coast of California. She and her co-author Grace Schulz, a graduate student in Development, Regeneration and Stem Cell Biology, were trying to look at thin, circular cross-sections of the arms under a microscope, but the samples kept falling off the slides. They tried lengthwise strips of the arms and had better luck, which led to an unexpected discovery.

Using cellular markers and imaging tools to trace the structure and connections from the ANC, they saw that neuronal cell bodies were packed into columns that formed segments, like a corrugated pipe. These segments are separated by gaps called septa, where nerves and blood vessels exit to nearby muscles. Nerves from multiple segments connect to different regions of muscles, suggesting the segments work together to control movement.

"Thinking about this from a modeling perspective, the best way to set up a control system for this very long, flexible arm would be to divide it into segments," Olson said. "There has to be some sort of communication between the segments, which you can imagine would help smooth out the movements."

Nerves for the suckers also exited from the ANC through these septa, systematically connecting to the outer edge of each sucker. This indicates that the nervous system sets up a spatial, or topographical, map of each sucker. Octopuses can move and change the shape of their suckers independently. The suckers are also packed with sensory receptors that allow the octopus to taste and smell things that they touch -- like combining a hand with a tongue and a nose. The researchers believe the "suckeroptopy," as they called the map, facilitates this complex sensory-motor ability.




To see if this kind of structure is common to other soft-bodied cephalopods, Olson also studied longfin inshore squid (Doryteuthis pealeii), which are common in the Atlantic Ocean. These squid have eight arms with muscles and suckers like an octopus, plus two tentacles. The tentacles have a long stalk with no suckers, with a club at the end that does have suckers. While hunting, the squid can shoot the tentacles out and grab prey with the sucker-equipped clubs.

Using the same process to study long strips of the squid tentacles, Olson saw that the ANC in the stalks with no suckers are not segmented, but the clubs at the end are segmented the same way as the octopus. This suggests that a segmented ANC is specifically built for controlling any type of dexterous, sucker-laden appendage in cephalopods. The squid tentacle clubs have fewer segments per sucker, however, likely because they do not use the suckers for sensation the same way octopuses do. Squid rely more on their vision to hunt in the open water, whereas octopuses prowl the ocean floor and use their sensitive arms as tools for exploration.

While octopuses and squid diverged from each other more than 270 million years ago, the commonalities in how they control parts of their appendages with suckers -- and differences in the parts that don't -- show how evolution always manages to find the best solution.

"Organisms with these sucker-laden appendages that have worm-like movements need the right kind of nervous system," Ragsdale said. "Different cephalopods have come up with a segmental structure, the details of which vary according to the demands of their environments and the pressures of hundreds of millions of years of evolution."
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Protein shapes can help untangle life's ancient history | ScienceDaily
The three-dimensional shape of a protein can be used to resolve deep, ancient evolutionary relationships in the tree of life, according to a study in Nature Communications. 


						
It is the first time researchers use data from protein shapes and combine it with data from genomic sequences to improve the reliability of evolutionary trees, a critical resource used by the scientific community for understanding the history of life, monitor the spread of pathogens or create new treatments for disease.

Crucially, the approach works even with the predicted structures of proteins that have never been experimentally determined. It has implications for the massive amount of structural data being generated by tools like AlphaFold 2 and help open new windows into the ancient history of life on Earth.

There are 210 thousand experimentally determined protein structures but 250 million known protein sequences. Initiatives like the EarthBioGenome project could generate billions more protein sequences in the next few years. The abundance of data opens the door to applying the approach on an unprecedented scale.

For many decades, biologists have been reconstructing evolution by tracing how species and genes diverge from common ancestors. These phylogenetic or evolutionary trees are traditionally built by comparing DNA or protein sequences and counting the similarities and differences to infer relationships.

However, researchers face a significant hurdle -- a problem known as saturation. Over vast timescales, genomic sequences can change so much that they no longer resemble their ancestral forms, erasing signals of shared heritage.

"The issue of saturation dominates phylogeny and represents the main obstacle for the reconstruction of ancient relationships," says Dr. Cedric Notredame, researcher at the Centre for Genomic Regulation (CRG) and lead author of the study. "It's like the erosion of an ancient text. The letters become indistinct, and the message is lost."

To overcome this challenge, the research team turned to the physical structures of proteins. Proteins fold into complex shapes that determine a cell's function. These shapes are more conserved over evolutionary time than the sequences themselves, meaning they change more slowly and retain ancestral features for longer.




The shape of a protein is dictated by its amino acid sequence. While sequences may mutate, the overall structure often remains similar to preserve function. The researchers hypothesised they could gauge how much the structures diverge over time by measuring the distance between pairs of amino acids within a protein, also known as intra-molecular distances (IMDs).

The study compiled a massive dataset of proteins with known structures, covering a wide range of species. They calculated the IMDs for each protein and used these measurements to construct phylogenetic trees.

They found that trees built from structural data closely matched those derived from genetic sequences, but with a crucial advantage: the structural trees were less affected by saturation. This means they retained reliable signals even when genetic sequences had diverged significantly.

Recognising that both sequences and structures offer valuable insights, the team developed a combined approach which not only improved the reliability of the tree branches but also helped distinguish between correct and incorrect relationships.

"It's akin to having two witnesses describe an event from different angles," explains Dr. Leila Mansouri, coauthor of the study. "Each provides unique details, but together they give a fuller, more accurate account."

One practical example where the combined approach could make a significant impact is in understanding the relationships among kinases in the human genome. Kinases are proteins involved in many different important cellular functions.




"The genome of most mammals, including humans, contains about 500 protein kinases that regulate most aspects of our biology," says Dr. Notredame. "These kinases are major targets for cancer therapy, for example drugs like imatinib for humans or toceranib for dogs."

Human kinases have arisen through duplications occurring over the last billion years. "Within the human genome, the most distantly related kinases are about a billion years apart," says Dr. Notredame. "They duplicated in the common ancestor of the common ancestor of our common ancestor."

This vast timescale involved makes it incredibly difficult to build accurate gene trees that show how all these kinases are related. "Yet, as imperfect as it may be, the kinase evolutionary tree is widely used to understand how it interacts with other drugs. Improving this tree, or improving trees of other important protein families, would be an important advance for human health," adds Dr. Notredame.

The potential applications of the work go beyond cancer. Using the approach to create more accurate evolutionary trees could also improve our understanding of how diseases evolve more generally, aiding in the development of vaccines and treatments. They can also help shed light on the origins of complex traits, guide the discovery of new enzymes for biotechnology, and even help trace the spread of species in response to climate change.
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The hunt narrows for ebolavirus hosts | ScienceDaily
Bats are widely recognized as the primary hosts of filoviruses, such as Ebola, yet the specific host species of ebolaviruses are not definitively known. In a study led by the University of California, Davis, and the Albert Einstein College of Medicine (Einstein), scientists have developed a new tool to narrow down potential host species of filoviruses and better prioritize wildlife surveillance. The research is part of global efforts to prevent viral spillover between animals and humans.


						
The study, published today in the journal Cell Host & Microbe, sheds light on the molecular rules that govern how filoviruses recognize their receptor and helps pinpoint unknown hosts of these viruses.

"The fundamental question is, where is the next ebolavirus outbreak going to come from?" said co-leading author Simon Anthony, an associate professor with the UC Davis School of Veterinary Medicine. "If we don't know what the wildlife host is, we can't know how, where or when that will be."

The biggest filovirus outbreak, caused by Ebola virus, occurred in three West African countries from 2014 to 2016. It killed more than 11,000 people and infected more than 28,000. More recently, a filovirus outbreak caused by Marburg virus began last September in Rwanda, resulting in at least 15 deaths and 66 cases.

Unlocking the cell

The study is the most comprehensive investigation of filovirus receptor binding in bats to date. To enter a human cell, an ebolavirus glycoprotein has to attach -- or bind -- to a cell receptor.

In 2011, co-leading author Kartik Chandran, professor of microbiology and immunology at Einstein, helped discover the cholesterol-trafficking protein Niemann-Pick C1 (NPC1) as this critical Ebola entry receptor.




"Remarkably, all filoviruses isolated to date require NPC1 as a receptor," said Chandran.

For this study, the authors conducted large-scale binding assays to evaluate how well the glycoprotein from different filoviruses interact with bat NPC1 proteins. They also used machine learning to decipher the genetic code underpinning receptor binding for these viruses.

The researchers then focused on bat species whose NPC1 proteins bind strongly to the Ebola virus glycoprotein and live in regions where previous Ebola outbreaks have occurred. This helps narrow down which bat species have a high potential to host the virus.

"To me, this is putting together two beautiful pieces of the puzzle that are seemingly unrelated -- geographic information and molecular data -- all to solve the question of, will these bats be able to host the virus or not?" said co-leading author Gorka Lasso, a research assistant professor at Einstein.

Guiding future surveillance

This work can guide future surveillance efforts to identify the host reservoir of Ebola virus and other related viruses. As new ebolaviruses and variants are discovered, scientists can also use this method to assess their potential for infecting humans.




"Hopefully this will light the path forward, not just for filoviruses but for other viruses, as well," said Gorka.

The research was inspired in part by a 2015 study by Chandran that revealed that African straw-colored fruit bats were seemingly resistant to Ebola virus infection. The Ebola virus binded poorly to straw-colored fruit bats' NPC1 receptor.

"That really struck me," said Anthony, who helped discover the sixth known ebolavirus strain, Bombali virus. "It became clear that there are some species that cannot be the host because they cannot be infected. Having information about which species are and are not more likely to be the host reservoir is information we should have."

This study was funded through U.S. Agency for International Development, National Institutes of Health, and National Science Foundation's Predictive Intelligence for Pandemic Prevention.
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Songbirds socialize on the wing during migration | ScienceDaily
The night sky teems with migrating songbirds, aloft in their millions following routes etched in evolutionary time. But those flight paths may not be entirely innate, according to new research led by the University of Illinois Urbana-Champaign. Evidence from over 18,300 hours of recorded flight calls suggests songbirds may "talk" to other species as they migrate, forming social connections and -- just maybe -- exchanging information about the journey.


						
"We can't be sure what they're saying, but birds might broadcast calls during flight to signal their species, age, and sex. And we can certainly speculate that these flight calls could relate to navigation or finding suitable stopover habitat," said lead study author Benjamin Van Doren, assistant professor in the Department of Natural Resources and Environmental Sciences, part of the College of Agricultural, Consumer and Environmental Sciences at Illinois. Van Doren began this research at the Cornell Lab of Ornithology.

Work from last year by the study's co-authors at the University of Maryland Center for Environmental Science, Appalachian Laboratory suggested birds "buddy up" with other species at stopover sites during migration, but there was no evidence until now that different songbird species pair up or communicate vocally on the wing. Although Van Doren believes innate patterning and memory are still important drivers of migration behaviors, he says it's time to rethink songbird migration through a social lens.

"In recent years, there has been an increasing recognition of the importance of social information in bird migration, but scientists have mainly documented this in species that travel during the day or in family groups," he said. "The social environment also seems to be important in species like hawks and storks that form huge aggregations during their daytime migrations. Young birds learn behaviors from observing other birds and how they navigate -- and not necessarily from family."

But those visual cues go dark at night, when most songbirds travel. That's what led Van Doren to wonder about other social cues. Fortunately, he had access to acoustic recordings of autumn nocturnal bird migrations from 26 sites over three years in eastern North America.

"These nocturnal acoustic recordings are really the only window onto this unseen but absolutely massive flow of birds -- hundreds of millions aloft over the U.S. on any given night during migration," Van Doren said. "It's something people aren't usually aware of because it happens when we're sleeping."

The 18,300-hour acoustic record would have been a processing and analytical nightmare before AI. Now, a machine learning tool allowed Van Doren's team to quickly detect the signature flight calls of 27 species, including 25 well-sampled songbirds.




After identifying species, the team measured how often certain calls co-occurred in time, testing intervals of 15, 30, and 60 seconds. Regardless of the time interval, they found stronger associations between species than expected by chance alone.

Looking to explain these associations, the found species' wing lengths and the similarity of their calls were the most important factors. In contrast, birds that "buddy up" during stopovers weren't maintaining those relationships in the air, and they weren't necessarily flying with closely related species or birds that shared their preferences for specific habitats.

"Species with similar wing sizes were more likely to associate, and wing length is directly linked to flight speed. If you imagine two species flying at similar speeds because they have similar wings, then it's much easier for them to stick together," Van Doren said. "As for vocalizations, it is possible that species' calls have converged over time because of this social link or that species that happen to give similar calls are simply more likely to gravitate towards each other."

Van Doren notes that 25 is a small subset of the songbird species migrating at night, some of which don't vocalize at all during flight. He and his team plan to follow up with more research, including attaching tiny microphones to individual birds and tracking their "conversations" with flight partners throughout their migrations.

Still, these preliminary results raise many intriguing, if speculative, notions. For example, short-lived songbird species who can't rely on their parents to show them the way may instead rely on social ties with others to make the trek. Also, the precipitous loss of bird biodiversity with climate change and habitat loss may jeopardize partner species that co-migrate.

"This study really calls into question the long-held idea that songbirds migrate alone, solely following their own instincts," Van Doren said. "Learning more about the consequences of these social connections -- not only for migration, but also for other aspects of their biology -- will be important to inform and manage the risks they face in a changing world."
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Nord Stream methane spread across the southern Baltic Sea | ScienceDaily
Methane from the destroyed Nord Stream pipelines spread over a large part of the southern Baltic Sea and remained for several months. This is according to a new study by researchers from the University of Gothenburg and the Voice of the Ocean research foundation.


						
Much of the methane gas from the Nord Stream leak rose directly to the sea surface and into the atmosphere. But some methane remained below the surface and was dispersed by ocean currents.

"The results of our measurements show that methane spread to large parts of the southern Baltic Sea, from the coast of Danish Zealand in the west, to the Polish Gulf of Gdansk in the east," says Martin Mohrmann, a researcher at Voice of the Ocean, VOTO.

High-resolution measurements

The Voice of the Ocean Foundation deployed an underwater robot, known as a glider, just outside the exclusion zone around the leaks. This instrument allowed the researchers to measure methane concentrations over a large area, all the way from the surface to the depths. In addition, they continued to measure using the glider for three months after the spill. In the end, they had collected the most high-resolution measurements from the immediate area around the leaks, giving great confidence in their research results.

"To get the most robust estimations, we combined observations from the gliders with surface observations collected by our colleagues at the German research institute IOW from a ferry. It was gratifying to see how well it matched the results from University of Gothenburg's research vessel's expedition to the Nord Stream leak area too. All this together makes us feel confident that we have a really good picture of how the methane spread in the Baltic Sea, both across time and space," says Bastien Queste, oceanographer at the University of Gothenburg.

1,000 times higher

In the initial period following the pipeline explosion at the end of September 2022, methane levels in the waters were sometimes 1,000 times above normal. In some areas, abnormal concentrations of methane were measured several months after the release, before it was diluted, consumed by bacteria or escaped to the atmosphere.




"Our gliders, together with ocean modelling for the southern Baltic Sea, have given us a good picture of the areas affected by the spill. In total, we estimate that over 14 per cent of the entire Baltic Sea was exposed to methane levels that were at least five times above normal," says Martin Mohrmann.

Marine protected areas affected

The results of the study are published in Nature Communications, along with two other studies that have mapped the impact of the Nord Stream emission on the atmosphere. The researchers from VOTO and the University of Gothenburg have used their measurements to create a robust model of how the methane was dispersed in the water. The ocean currents transported the methane to 23 marine protected areas.

"We now know the areas where the methane emission may have had an impact. It will be easier to determine whether a future problem in the Baltic Sea ecosystems, for example, is related to the Nord Stream leak or not," says Bastien Queste.
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'Perfect storm' of mutations drives infection-triggered autoimmune disease | ScienceDaily
Scientists at the Garvan Institute of Medical Research have discovered how a viral infection causes autoimmune disease, disproving a long-standing theory and opening a promising new approach to developing treatments for autoimmune conditions.


						
The research, published today in the journal Immunity, focuses on hepatitis C virus (HCV) -- which affects an estimated 58 million people worldwide -- and its role in triggering a serious autoimmune disease called cryoglobulinemic vasculitis in up to 15% of cases, where antibodies attack blood vessels and can damage organs throughout the body.

Until now, scientists believed this autoimmune response occurred because viral proteins mimicked the body's own proteins, confusing the immune system into attacking both. The Garvan team revealed that this is not the case -- rather, the critical trigger is mutations in 'rogue clone' B cells.

"This discovery fundamentally changes our understanding of how infections can cause autoimmune conditions," says Professor Chris Goodnow, Head of the Immunogenomics Lab at Garvan and the study's co-senior author. "By pinpointing these rogue clones, we can better understand how to target them, which is a potentially transformative approach to treating autoimmune disease in patients."

Viral infection leads to a 'perfect storm' of mutations

Using sophisticated single-cell analysis techniques and whole genome sequencing, the researchers analysed the immune cells in the blood of four patients with HCV-triggered cryoglobulinemic vasculitis. They identified the specific rogue clone B cells that were present in large numbers and produced harmful autoantibodies.

"The long-standing theory is that B cells trained to recognise the foreign virus become confused and target the body instead -- a phenomenon referred to as molecular mimicry. What our study showed was that during a chronic hepatitis C infection, antibodies on the virus surface form an antibody cluster that persistently stimulates the B cells to mutate," explains lead author Dr Clara Young. "This continual mutation, we found, eventually leads to development of the rogue clones that cause cryoglobulinemic vasculitis."

"Our research shows that three types of genetic mutations are required for the autoimmune disease to develop," adds Dr Dan Suan, co-senior author and Clinical Director of the Hope Research Program at Garvan. "Two of these mutations occur normally in B cells, but the presence of chronic viral particles that can't be cleared creates ongoing stimulation. The third mutation, linked to the development of blood cancers, occurs by chance over time. This perfect storm of mutations allows the cells to accumulate in large enough numbers to cause the autoimmune disease."




New pathways for autoimmune disease treatments

"This research opens up new possibilities for predicting and preventing autoimmune complications," says Professor Goodnow. "By understanding this structural mechanism, we can potentially develop targeted therapies that prevent these antibody formations from triggering autoimmune responses."

"While we've focused on HCV, these findings have broader implications for predicting and preventing autoimmune complications," says Dr Young. The insights are relevant to other infection-associated autoimmune conditions, such as Guillain-Barre syndrome and multiple sclerosis, which are also linked to other bacterial and viral infections.

"Mutations occur in B cells as part of their normal development, and understanding how they can drive autoimmunity is a significant step forward in our mission to eliminate the root cause of autoimmune disease rather than just managing symptoms," says Dr Suan.

This work was supported by the Bill and Patricia Ritchie Foundation, Croall Foundation, John Brown Cook Foundation and Miss Lyn Unsworth.

Chris Goodnow is The Bill and Patricia Ritchie Foundation Chair at the Garvan Institute and a Professor of the Cellular Genomics Futures Institute and School of Biomedical Sciences, UNSW Sydney.

Dr Dan Suan is a Senior Research Fellow and the Clinical Director of the Hope Research Program at the Garvan Institute.

Dr Clara Young is a Research Fellow at the Garvan Institute and Conjoint Lecturer at St Vincent's Clinical School, Faculty of Medicine and Health, UNSW Sydney.
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Detecting hidden genetic relationships in animal populations | ScienceDaily
Understanding biological relationships is often critical when studying animal populations. Researchers from the Max Planck Institute for Evolutionary Anthropology, Leipzig University, the German Centre for Integrative Biodiversity Research and the Freie Universitat Berlin have now developed a transformative approach that identifies stretches of DNA that two individuals inherited from a common ancestor. The team successfully applied their new tool to a free-ranging population of rhesus macaques. The results show that even for low-quality sequencing data, this method can accurately determine relatedness among pairs of individuals, even without prior knowledge of pedigrees within the population. This breakthrough helps to reveal previously unknown pairs of relatives and provides rich insights into population structure in the wild.


						
Quantifying which individuals share genetic material from common ancestors plays a central role in several scientific disciplines, particularly animal behaviour, conservation biology, and genetic evolution. While scientists initially relied on family trees (or pedigrees) to delineate these pairwise relationships, their inherent limitations prompted the search for more accurate techniques.

Recent technological advances have greatly accelerated this journey. Genetic testing and analysis of genetic markers called single nucleotide polymorphisms (SNPs), which represent individual variations in DNA sequence data, can help researchers directly infer biological relatedness.

A powerful new genetic tool identifies pairs of relatives

An international team of researchers has now developed a bioinformatics pipeline that breaks new ground in estimating genetic relatedness in animal populations. The software analyzes whole-genome sequencing data and works accurately even with very low-quality data. "Our computational tool has opened the door to a more refined understanding of genetic relationships in ecology and evolution. It accurately identifies identical DNA fragments in pairs of individuals that were inherited from a common ancestor. These so-called idendity-by-descent or IBD segments are an exceptionally powerful signal for detecting and quantifying biological relatedness that was previously only accessible in high-quality human data. Now we can do it in animal genomes, too," says one of the senior authors, Harald Ringbauer of the Max Planck Institute for Evolutionary Anthropology.

Variation in actual relatedness in a macaque population

In developing and evaluating this tool, the team ran computational experiments on a free-ranging rhesus macaque population from Cayo Santiago, Puerto Rico. The new tool provided superior insights compared to previous methods: while conventional methods estimate relatedness in categories, this method is able to precisely represent the continuous nature of relatedness. In addition, the team detected a higher level of shared genetic inheritance than expected, suggesting the presence of previously undetected relatives within the population. "Through its application in a free-ranging primate population, our IBD method has proven its potential by providing more detailed insights into relatedness structures than traditional pedigrees or older genetic estimates," says first author Annika Freudiger from Leipzig University and the Max Planck Institute for Evolutionary Anthropology.




In addition, the researchers found discrepancies where actual genetic inheritance exceeded predicted levels based on pedigrees. These discrepancies indicate an underestimation of shared ancestry due to incomplete knowledge of familial relationships through the pedigree. They also identified a significant difference in genetic recombination rates between the sexes, which could reveal the sex of unknown ancestors and thus indicate whether pairs of individuals are related through the maternal or paternal line.

Cayo Santiago: collecting data since 1956

The research was conducted on Cayo Santiago, a small island off the coast of Puerto Rico managed by the Caribbean Primate Research Center. Consistent collection of demographic and genetic data since 1956 allowed the researchers to test this new method in a free-ranging population with extensive pedigree data available over several decades. This has provided new insights into this study population. Despite the prolonged genetic isolation of the rhesus macaque population, the levels of inbreeding are surprisingly low, likely due to sex-biased dispersal and/or effective kin recognition.

"With this innovative tool, we're able to accurately measure the continuous distribution of relatedness in animal populations, even from relatively low-quality sequencing data. This could lead to a significant change in our understanding of ecological and evolutionary patterns in social animals," concludes senior author Anja Widdig from Leipzig University and the Max Planck Institute for Evolutionary Anthropology. This research underscores the potential of using advanced methodologies to further our understanding of biological relatedness across species and populations. This will lead to new insights into previously largely ambiguous family structures and preferential behaviours.
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Bird flu is mutating, but antivirals still work | ScienceDaily
One of the earliest strains of bird flu isolated from a human in Texas shows a unique constellation of mutations that enable it to more easily replicate in human cells and cause more severe disease in mice compared to a strain found in dairy cattle, researchers from Texas Biomedical Research Institute (Texas Biomed) report in Emerging Microbes & Infections.


						
The finding highlights a key concern about the H5N1 strains of bird flu currently circulating in the U.S.: the speed at which the virus can mutate when introduced to a new host.

Naturally found in wild birds and lethal in chickens, H5N1 has spread to a wide variety of mammals and began infecting dairy cows for the first time in spring 2024. As of early 2025, the outbreak had spread through herds across multiple states in the U.S. and infected dozens of people, mostly farm workers. So far, most people infected experience mild illness and eye inflammation and the virus is not spreading between people. The first H5N1 death in the U.S. was reported in January 2025 following exposure to infected chickens.

"The clock is ticking for the virus to evolve to more easily infect and potentially transmit from human to human, which would be a concern," said Texas Biomed Professor Luis Martinez-Sobrido, Ph.D., whose lab specializes in influenza viruses and has been studying H5N1 since the outbreak began last year. The team has developed specialized tools and animal models to test prophylactic vaccines and therapeutic antivirals.

Human vs. bovine

In the recent study, they compared H5N1 strains isolated from a human patient and from dairy cattle in Texas.

"There are nine mutations in the human strain that were not present in the bovine strain, which suggests they occurred after human infection," Dr. Martinez-Sobrido said.




In mouse studies, they found that compared to the bovine strain, the human strain replicated more efficiently, caused more severe disease and was found in much higher quantities in brain tissue. They also tested several FDA-approved antiviral medications to see if they were effective against both virus strains in cells.

"Fortunately, the mutations did not affect the susceptibility to FDA-approved antivirals," said Staff Scientist Ahmed Mostafa Elsayed, Ph.D., first author of the study.

Antivirals will be a key line of defense should a pandemic occur before vaccines are widely available, Dr. Martinez-Sobrido said. This is especially true since humans have no preexisting immunity against H5N1 and seasonal flu vaccines appear to offer very limited protection, according to a separate study conducted in collaboration with Aitor Nogales, Ph.D., at the Center for Animal Health Research in Spain.

Next steps and recommendations

Texas Biomed is now exploring the human H5N1 mutations individually to determine which are responsible for increased pathogenicity and virulence. The team wants to figure out what allows H5N1 to infect such a wide range of mammal species; why H5N1 causes mild disease in cows but is lethal in cats; and why infections via cows are less harmful to people than infections from chickens.

In a third paper, Dr. Elsayed and collaborators analyzed the history of H5N1 in dairy cattle for the journal mBio and called for a One Health approach to protect both animals and people.

"A key priority will be to eradicate bird flu from dairy cows to minimize risk of mutations and transmission to people and other species," Dr. Elsayed said. "Steps that can be taken now include thorough decontamination of milking equipment and more stringent quarantine requirements, which will help eliminate the virus more quickly in cows."
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Critical ocean current has not declined in the last 60 years | ScienceDaily
Earth, being 71 percent covered in water, is influenced by the ocean and its movements. In the Atlantic Ocean, a system of connected currents, called the Atlantic Meridional Overturning Circulation (AMOC), moves water throughout the world's oceans powered by a combination of winds and ocean density. It not only distributes the ocean's heat, moisture, and nutrients, but regulates the Earth's climate and weather.


						
As the climate is continuously changing and the atmosphere is warming, many scientists fear that fresh water from melting polar ice sheets could significantly disrupt -- or collapse -- the AMOC. While a decline of the AMOC would have grave consequences, a collapse would be truly catastrophic. However, studies about the AMOC's long term future are uncertain. Instead of predicting the future, a team of scientists from Woods Hole Oceanographic Institution (WHOI) quantified the past to help inform where we could be going.

In a new paper published in Nature Communications, scientists found that the AMOC has not declined in the last 60 years. Authors Nicholas P. Foukal, adjunct scientist in Physical Oceanography at WHOI and assistant professor at the University of Georgia; Jens Terhaar, affiliated scientist at WHOI and senior scientist at the University of Bern; and Linus Vogt, visiting student at WHOI when he started to work on this study and now scientist at LOCEAN, Sorbonne Universite, say their results mean that the AMOC is currently more stable than expected.

"Our paper says that the Atlantic overturning has not declined yet," Foukal said, who conducted the research while at WHOI. "That doesn't say anything about its future, but it doesn't appear the anticipated changes have occurred yet."

Their findings contrast with previous work, notably a paper from 2018 cited in their study, which reported that the AMOC has declined over the last 70 years. This past work relied on sea surface temperature measurements to understand how the AMOC has changed, but "we've learned that sea surface temperature doesn't work as well as initially thought," said Terhaar, who began leading this study at WHOI as a postdoctoral scientist and completed the work in Bern.

To address the uncertainty, Terhaar and the team relied on new data from the Coupled Model Intercomparison Project (CMIP), climate-earth models produced by the World Climate Research Program. They used 24 different CMIP models and found that the most recently available surface temperature data did not accurately reconstruct the AMOC. To go a step further, the researchers looked at a different measure: air-sea heat fluxes, which is the exchange of heat from the ocean to the atmosphere. When the AMOC is stronger, more heat is released from the ocean to the atmosphere over the North Atlantic.

The authors derived this AMOC proxy with the CMIP models, then applied it to observational data. The best data for surface heat fluxes over the North Atlantic come from reanalysis products that incorporate direct observations into a model, similar to the way weather forecasts work. The study authors focused on two reanalysis data sets that extend back to the late 1950s to reconstruct the AMOC.




"Based on the results, the AMOC is more stable than we thought," Vogt said. "This might mean that the AMOC isn't as close to a tipping point as previously suggested."

The paper states that air-sea heat flux anomalies in the North Atlantic are tightly linked to the AMOC and that "the decadal averaged AMOC has not weakened from 1963 to 2017." Since there are many processes that lead to large year-to-year variability in the AMOC, the air-sea heat flux and the AMOC are correlated strongest at those timescales, as opposed to annual averages.

"It's almost unanimous at this point that the Atlantic overturning will slow in the future, but whether or not it will collapse is still up for debate," Foukal said. "This work indicates that there is still time to act before we reach this potential tipping point."

As with all proxy-based reconstructions, there are limitations and caveats. The authors point out that direct measurements of air-sea heat flux going back in time are sparse, and thus the reanalysis products contain significant uncertainty. However, despite these limitations, "a decline in AMOC over the last 60 years," Terhaar concludes "seems very unlikely."

Key Takeaways:
    	The Atlantic Meridional Overturning Circulation (AMOC) has not slowed down since the mid-20th century based on the North Atlantic air-sea heat fluxes over that time.
    	This finding contrasts with studies that have estimated a decline in the AMOC, likely because previous studies rely on sea surface temperature measurements to understand how the AMOC has changed. However, sea surface temperature is not a reliable way to reconstruct the AMOC, according to the authors.
    	Although the AMOC has not declined yet, scientists agree that the Atlantic overturning will slow in the future -- but whether the system can collapse entirely and when this collapse would happen is still up for debate. Such a scenario would have catastrophic consequences globally.
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Calls to curb invasive species spread via untreated water transfer | ScienceDaily
Experts are warning of the risks of spreading invasive and non-native species when moving large volumes of untreated lake, reservoir and river water.


						
Development of cities and the demands of agriculture mean that huge volumes of untreated water from lakes, reservoirs and rivers are now routinely moved large distances, across countries, up to hundreds of miles, using pipelines, tunnels and water supply canals. Known as raw water transfers schemes, these projects are essential for human uses but risk moving not just water but also wildlife, spreading invasive and non-native species, such as zander fish and zebra mussels.

In a series of new papers, researchers from Newcastle University and the University of Stirling are now warning that invasive species can be moved between often unlinked waterbodies by the intentional transfer of water and call for action.

Publishing their findings in the journal Management of Biological Invasions, the experts highlight the need to add raw water transfers (RWTs) into co-ordinated surveillance and management plans to meet national and international targets on tackling invasive and non-native species, and recommend exploring options to improve RWT information access and stakeholder collaboration within the INNS management community.

They also call for increased awareness of the risks associated with RWTs and the spread of invasive and non-native species and say these actions will deliver additional benefits to support the conservation of freshwater biodiversity in a rapidly changing world.

How RWTs are managed varies between countries, but they are typically managed by private water companies, or local and central government. In England, the majority of RWTs are owned and managed by water companies. The Environment Agency (EA) also controls a number of RWTs.

The research team cites data showing 110 surface water transfers in England and Wales which can transfer between 45-150 million litres per day, around 43 of which cross one or more catchment boundary (39%).




Top biodiversity threat

Study lead author, Ava Waine, PhD researcher at Newcastle University's School of Natural and Environmental Sciences, said: "Invasive species are one of the top threats to biodiversity and the economy globally. Raw water transfers move invasive species around between different environments, but researchers in the invasion ecology field are only now becoming mindful of the extent of their impact, and industry and regulators aren't yet fully aware of the invasion risk or how to manage it.

"Recently, England, followed a few years later by Scotland, became the first country in the world to require that raw water transfers be managed to prevent invasive species spread.

"I have been working with Northumbrian Water to address the issues. The results highlight that raw water transfers are a virtually unknown mode of species spread, and some changes to national and international biodiversity policy is required so that researchers around the globe become more aware of the issue, and we have a better chance of solving the problem."

Study co-author, Dr Zarah Pattison, Senior Lecturer in Plant Sciences, University of Stirling, added: "This is a call to action. We need to take the risk of invasive and non-native species spread through raw water transfers seriously and invest in research to determine the severity of this risk for all taxonomic groups of species."

This research builds on a recently published study by the same team, in which the experts describe how RWTs are creating a pathway for the spread of freshwater invasive non-native species in countries worldwide. In the study, the team suggests modifying the corridor category in the Convention on Biological Diversity's pathway classification framework to include RWTs as a distinct sub-category. The authors argue this reclassification would improve understanding of RWTs, help manage their risks, and guide policy development to better address the spread of invasive and non-native species.
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Small-scale fisheries essential to global nutrition, livelihoods | ScienceDaily
Small-scale fisheries play a significant but overlooked role in global fisheries production and are key to addressing hunger and malnutrition while supporting livelihoods around the world, according to research featured in the journal Nature. Published online on Jan. 15 by an international team of scientists, the study is the first to rigorously quantify how marine and inland small-scale fisheries contribute to aquatic harvests and nutritional and socioeconomic security on a global scale.


						
Although definitions vary, small-scale fisheries generally comprise households or communities, mostly in lower- to middle-income countries, that use lower-tech, more labor-intensive fishing techniques to fish for food or to earn money compared to large-scale fisheries. Historically, decision-makers have marginalized small-scale fisheries in resource management plans, food system analyses, and agricultural, nutritional and development policies, for various reasons. For example, census data usually groups small-scale fishers with agricultural workers.

"Millions of people who fish marine and inland waters have essentially been flying under the radar of science and policy. Ignoring their contributions and needs could be detrimental -- not just to fisherfolk, but to the environment and society as a whole," said co-lead author Xavier Basurto, who was the Bass Chair for Excellence in Teaching and Research at the Duke University Nicholas School of the Environment during the time of research.

"Our analysis shows that small-scale fisheries contribute almost half the catch across all fisheries. They have a critical role to play in meeting the food security and nutritional needs of billions of people," added co-lead author Nicolas L. Gutierrez, senior fishery officer for the Fisheries and Aquaculture Division of the Food and Agriculture Organization of the United Nations (FAO).

In 2017, FAO forged a unique partnership with the Nicholas School and the international research organization WorldFish to assess how small-scale fisheries fit into the U.N.'s Agenda for Sustainable Development, a blueprint for addressing global challenges such as hunger, poverty and gender inequality. The new study builds on a 2023 report published by the group, who call their collaboration the Illuminating Hidden Harvests Initiative (IHH).

"Our driving question was simple: Who produces aquatic foods, how and for whom?" said co-author Nicole Franz, who leads the Equitable Livelihoods Team in FAO's Fisheries and Aquaculture Division and had the initial idea for IHH. "Answering that question was more complicated, requiring a huge team of diverse experts in fields like fisheries science, nutrition, governance, gender and economics."

All told, more than 800 contributors from around the world worked on the new study. They collected and analyzed troves of data from case studies, surveys and databases for insight into the impact of small-scale fisheries on issues such as global catch, nutrition and employment.




The findings reveal that small-scale fisheries are integral to meeting Sustainable Development Goals related to reducing hunger, poverty and the impacts of climate change, and to enhancing aquatic conservation, women's rights and economic growth.

For example, catch from small-scale fisheries provides 20% of dietary intake across six essential nutrients -- including vitamins, minerals and omega-3 fatty acids -- to 2.3 billion people who live within 20 kilometers, or about 12 miles, of a coastline or large inland water body. In other words, about 1 in 4 people likely depends on small-scale fisheries to supply a substantial portion of several key nutrients.

In addition, almost 500 million people, or one in 12 individuals, are at least partially dependent on small-scale fishing for their livelihoods, a catchall term to describe the means used for meeting basic needs. Nearly half of those people are women -- an underrecognized demographic in fisheries research.

"Women participate in all aspects of fishing, from prep work, to catching fish, to processing activities such as cleaning fish. They're essential to these production systems that put food on the table for millions," said co-author John Virdin, director of the Ocean and Coastal Policy Program at Duke University's Nicholas Institute for Energy, Environment & Sustainability and a faculty member at the Nicholas School.

At least 40% of global catch comes from small-scale fisheries, the study found. Small-scale fisheries also contribute 44% of landed economic value, or money generated by fisheries globally.

Of all small-scale fisheries analyzed, African operations contribute most to global catch and nutrition. Meanwhile, small-scale fisheries in Oceania -- which includes nations in the South and Central Pacific Ocean -- play a major role in supporting livelihoods in the region.




"Our findings from Oceania help show just how important small-scale fishing is in countries where opportunities to make a living are more limited. In these cases, additional efforts for achieving effective fisheries management and governance to ensure the sustainability of the sub-sector are needed," Gutierrez said.

Despite their considerable societal contributions, many small-scale fishers do not have authority over their fisheries. Specifically, about two-thirds of catch from small-scale fisheries in 51 countries surveyed come from fishers with no formal rights to participate in resource management and decision-making processes, according to the study.

Lacking authority, small-scale fishers are vulnerable to external competition or exclusionary policies that could compromise the natural resources they rely on and their potential contributions to sustainable development.

"Often these fishers have been rooted in aquatic environments and communities for hundreds to thousands of years. The lack of appropriate support from local or national authorities often undermines local efforts to avoid free-for-all scenarios that can easily lead to overfishing," said Basurto, who is now on faculty at the Doerr School of Sustainability at Stanford University.

The study paves the way for additional policy action by governments and policymakers to best support small-scale fisheries and, by extension, environmental and global health.

"This study has started to quantify the impact of small-scale fisheries across the world and how they relate to important policy agendas on climate change, natural-resource management, governance, conservation, gender equity, social inclusion, diets and nutrition. By making those linkages explicit, I think our research has given policymakers a pathway to support small-scale fisheries," said co-author and WorldFish principal scientist Edward H. Allison.

The Norwegian Agency for Development Cooperation (NORAD) and the Swedish International Development Cooperation Agency (SIDA) provided funding to FAO; Duke University received funding from the Oak Foundation; and WorldFish received funding from the Consultative Group on International Agricultural Research (CGIAR) multi-donor trust fund grant through the Resilient Aquatic Food Systems Initiative.
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How cryogenic microscopy could help strengthen food security | ScienceDaily
According to the United Nations, soil salinization affects between 20% and 40% of arable land globally, with human activity and climate change -- especially rising sea levels -- largely responsible for this process. While the human body needs sodium to function, this is not the case for most plants. In fact, excess salt around plants' roots gradually blocks their access to water, stunting their growth, poisoning them and hastening their death. Ten million hectares of farmland are destroyed by soil salinization every year, posing a threat to global food security.


						
Scientists at EPFL, the University of Lausanne (UNIL) and their Spanish partners observed how 'Salt Overly Sensitive 1' (SOS1), a gene identified in 2000, protects the plant cells from salt. The team of biologists and engineers produced unprecedented images using the CryoNanoSIMS (Cryo Nanoscale Secondary Ion Mass Spectrometry) ion microprobe. With this cryogenic microscopy instrument -- the only one of its kind in the world -- they were able to obtain precise images of the location in which a specific nutrient is stored or used within a cell or tissue sample. Their observations show that, under high levels of salt stress, the ion transporter SOS1 no longer removes sodium but rather helps to load it into structures called the vacuoles within the cells. Better understanding this mechanism and working out why some species are more tolerant to sodium than others could, according to the scientists, allow us to develop new strategies to strengthen food security. Their findings have just been published in Nature.

First visual proof

"Our research provides the first visual proof, at the cellular scale, of how plants protect themselves against excess of sodium," says Priya Ramakrishna, a postdoctoral researcher at EPFL's Laboratory for Biological Geochemistry (LGB) and the lead author of the paper. "Previous hypotheses of this mechanism were based on indirect evidence. We can now see where sodium is transported to at different levels of salt stress -- something we were unable to do at this resolution before." The joint EPFL and UNIL team carried out observations in unprecedented detail with the recently developed CryoNanoSIMS instrument, that permits obtaining chemical images of biological tissue at a resolution of 100 nanometers, in this case on samples of plant roots that had been snap-frozen in a bath of liquid nitrogen and maintained at very low temperatures under vacuum, to preserve all elements in place in the tissue.

This approach allowed them to map individual plant cells and see where key elements, such as potassium, magnesium, calcium and sodium were stored in plant root tips -- the part of the plant known as the "root apical meristem" -- that contain the stem cells responsible for the development of the plant root system. The CryoNanoSIMS imaging showed the condition of the root at two different salt stress conditions.

A change of strategy

Under mild salt stress, the cells manage to keep sodium from entering. But the team observed a change of strategy under high salt stress: instead of evacuating the sodium, as previously thought, the SOS1 transporter helps to sequester it into vacuoles that serve to store unwanted products. "But this defense mechanism is energy-intensive, slowing down the plant's growth, inhibiting its performance and ultimately leading to its death if the salt stress persists," explains Ramakrishna. The researchers validated their observations by performing the same experiments on mutant samples lacking the SOS1 transporter gene, revealing its inability to transport sodium into the vacuoles, which explains its strongly increased sensitivity to salt. They also ran the tests using root samples taken from rice -- the world's most common crop -- and found that, in this case too, the sodium was transported to the vacuole under high salt stress.

Matching location with function

For Ramakrishna, a plant biologist by training, the chemical imaging made possible by the CryoNanoSIMS instrument is a complete game changer. And the instrument could also be used to investigate how plants protect themselves against other threats, such as heavy metal pollution and microbes. "With this kind of truly interdisciplinary collaboration, i.e., blending biology and engineering, we can match location with function and understand mechanisms and processes that have never been observed before," says corresponding author Anders Meibom, a professor at EPFL's School of Architecture, Civil and Environmental Engineering (ENAC) and UNIL's Faculty of Geosciences and Environment, in whose laboratory the CryoNanoSIMS instrument was developed.

Niko Geldner, the paper's co-corresponding author, head of the research team at UNIL's Faculty of Biology and Medicine and leader of the UNIL team, is equally enthusiastic about this collaboration: "Plants are fundamentally dependent on extracting mineral nutrients from the soil, but we were never able to observe their transport and accumulation at sufficient resolution. The CryoNanoSIMS technology finally achieves this and promises to transform our understanding of plant nutrition, beyond the problem of salt." Professor Christel Genoud, co-author of the paper and Director of the Dubochet Center for Imaging adds: "This technique is opening up an entirely new horizon in the imaging of biological tissue and places our institutions as leaders on this frontier."
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DNA damage can last unrepaired for years, changing our view of mutations | ScienceDaily
While most known types of DNA damage are fixed by our cells' in-house DNA repair mechanisms, some forms of DNA damage evade repair and can persist for many years, new research shows. This means that the damage has multiple chances to generate harmful mutations, which can lead to cancer.


						
Scientists from the Wellcome Sanger Institute and their collaborators analysed family trees of hundreds of single cells from several individuals. The team pieced together these family trees from patterns of shared mutations between the cells, indicating common ancestors.

Researchers uncovered unexpected patterns of mutation inheritance in the trees, revealing that some DNA damage persists unrepaired. In the case of blood stem cells, this can be for two to three years.

The research, published today (15 January) in Nature, changes the way we think about mutations, and has implications for understanding the development of various cancers.

Throughout our life, all of the cells in our body accumulate genetic errors in the genome, known as somatic mutations. These can be caused by damaging environmental exposures, such as smoking, as well as the everyday chemistry occurring in our cells.

DNA damage is distinct from a mutation. While a mutation is one of the standard four DNA bases (A, G, T or C) in the wrong place, similar to a spelling mistake, DNA damage is chemical alteration of the DNA, like a smudged unrecognisable letter. DNA damage can result in the genetic sequence being misread and copied during cell division -- known as DNA replication -- and this introduces permanent mutations that can contribute to the development of cancers. However, the DNA damage itself is usually recognised and mended quickly by repair mechanisms in our cells.

If researchers can better understand the causes and mechanisms of mutations, they may be able to intervene and slow or remove them.




In a new study, Sanger Institute scientists and their collaborators analysed data in the form of family trees of hundreds of single cells from individuals. The family trees are constructed from patterns of mutations across the genome that are shared between cells -- for example, cells with many shared mutations have a recent common ancestor cell and are closely related.

The researchers collated seven published sets of these family trees, known as somatic phylogenies. The data set included 103 phylogenies from 89 individuals1, spanning blood stem cells, bronchial epithelial cells and liver cells.

The team found unexpected patterns of mutation inheritance in the family trees, revealing that some DNA damage can persist unrepaired through multiple rounds of cell division. This was particularly evident in blood stem cells, where between 15 to 20 per cent of the mutations resulted from a specific type of DNA damage that persists for two to three years on average, and in some cases longer.

This means that during cell division, each time the cell attempts to copy the damaged DNA it can make a different mistake, leading to multiple different mutations from a single source of DNA damage. Importantly, this creates multiple chances of harmful mutations that could contribute to cancer. Researchers suggest that although these types of DNA damage occur rarely, their persistence over years means they can cause as many mutations as more common DNA damage.

Overall, these findings change the way researchers think about mutations, and has implications for the development of cancer.

Dr Michael Spencer Chapman, first author from the Wellcome Sanger Institute and the Barts Cancer Institute, said: "With these family trees, we can link the relationships of hundreds of cells from one person right back to conception, meaning we can track back through the divisions each cell has gone through. It's these large-scale, novel datasets that have led us to this unexpected finding that some forms of DNA damage can last for a long time without being repaired. This study is a prime example of exploratory science -- you don't always know what you're going to find until you look; you have to stay curious."

Emily Mitchell, an author from the Wellcome Sanger Institute, Wellcome-MRC Cambridge Stem Cell Institute and University of Cambridge, said: "When exploring family trees of blood stem cells in particular, we found a specific type of DNA damage that results in around 15 to 20 per cent of the mutations in these cells, and can last for several years. It is unclear why this process is only found in blood stem cells and not other healthy tissues. Knowing that the DNA damage is long-lasting gives new routes to investigate what the damage actually is. As we continue to better understand the causes of mutations, we may one day be able to intervene and remove them."

Dr Peter Campbell, lead author previously from the Wellcome Sanger Institute and now Chief Scientific Officer at Quotient Therapeutics, said: "We have identified forms of DNA damage that manage to escape our DNA repair mechanisms and persist in the genome for days, months, or sometimes years. These findings don't fit with what scientists have previously thought about the fundamentals of how mutations are acquired. This paradigm shift brings a new dimension to the way we think about mutations, and is important for the research community when designing future studies."
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Could this fundamental discovery revolutionize fertilizer use in farming? | ScienceDaily
Researchers have discovered a biological mechanism that makes plant roots more welcoming to beneficial soil microbes.


						
This discovery by John Innes Centre researchers paves the way for more environmentally friendly farming practices, potentially allowing farmers to use less fertiliser.

Production of most major crops relies on nitrate and phosphate fertilisers, but excessive fertiliser use harms the environment.

If we could use mutually beneficial relationships between plant roots and soil microbes to enhance nutrient uptake, then we could potentially reduce use of inorganic fertilisers.

Researchers in the group of Dr Myriam Charpentier discovered a mutation in a gene in the legume Medicago truncatula that reprogrammes the signaling capacity of the plant so that it enhances partnerships with nitrogen fixing bacteria called rhizobia and arbuscular mycorrhiza fungi (AMF) which supply roots with phosphorus.

This type of partnership, known as endosymbiosis, where one organism exists within another, enables legume plants to scavenge nutrients from the soil via microbes, in exchange for sugars.

A barrier to the widespread use of endosymbiotic partnerships in agriculture is that they preferentially occur in nutrient-poor soils, conflicting with the conditions of intensive farming.




In this study which appears in Nature, experiments showed that the gene mutation in a calcium signalling pathway enhances endosymbiosis in farming conditions.

Excitingly, the team used genetic approaches to show that the same gene mutation in wheat enhances colonization by nitrogen fixing bacteria and AMF in field conditions too.

The findings represent an exciting breakthrough in the long-held ambition to use enhanced endosymbiotic partnerships as natural alternatives to inorganic-fertilizer across major crops, including cereals and legumes.

"Our findings hold great potential for advancing sustainable agriculture. It is unexpected and exciting that the mutation we have identified enhances endosymbiosis in farming conditions, because it offers the potential for sustainable crop production using endosymbionts alongside reduced inorganic fertiliser use," said Dr Charpentier.

"The discovery contributes broadly to research on calcium signalling while also offering a transition solution towards more sustainable production of economically important crops."

Previous research by the Charpentier group has shown that the calcium signaling in root cell nuclei is essential for the establishment of root endosymbiosis with useful nitrogen fixing bacteria and AMF.




This study decodes that key signalling mechanism, showing how calcium oscillations regulate the production of compounds called flavonoids which enhance endosymbiosis.

"Our discovery underscores the importance of fundamental science in addressing societal challenges," concluded Dr Charpentier.

Root endosymbiosis is highly beneficial to plants, increasing nutrient uptake and stress resilience. There is an increasing need to develop high-yielding, disease resistance crops and reduce fertiliser use to protect the environment as well as reduce costs for farmers.

Combining disease resistance and climate resilience with efficient nutrient assimilation through improved association with symbiotic microorganisms is a key element of this ambition.
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Deep learning designs proteins against deadly snake venom | ScienceDaily
New proteins not found in nature have now been designed to counteract certain highly poisonous components of snake venom. The deep learning, computational methods for developing these toxin-neutralizing proteins offer hope for creating safer, more cost-effective and more readily available therapeutics than those currently in use.


						
Each year more than 2 million people suffer snakebites. More than 100,000 of them die, according to the World Health Organization, and 300,000 suffer severe complications and lasting disability from limb deformity, amputation or other aftereffects. Sub-Saharan Africa, South Asia, Papua New Guinea, and Latin America are among the places where poisonous snakebites pose the greatest public health concern.

The computational biology effort to discover better antivenom therapeutics, led by scientists at the UW Medicine Institute for Protein Design and the Technical University of Denmark, is reported today, Jan. 15, in Nature.

The lead author of the paper is Susana Vazquez Torres of the Department of Biochemistry at the UW School of Medicine and the UW Graduate Program in Biological Physics. Her hometown is Queretaro, Mexico, which is located near viper and rattlesnake habitats. Her professional goal is to invent new drugs for neglected diseases and injuries, including snakebites.

Her research team, which also included international experts in snakebite research, drugs and diagnostics, and tropical medicine from the United Kingdom and Denmark, concentrated their attention on finding ways to neutralize venom gathered from certain elapids. Elapids are a large group of poisonous snakes, among them cobras and mambas, that live in the tropics and subtropics.

Most elapid species have two small fangs shaped like shallow needles. During a tenacious bite, the fangs can inject venom from glands at the back of the snake's jaw. Among the venom's components are potentially lethal three-finger toxins. These chemicals damage bodily tissues by killing cells. More seriously, by interrupting signals between nerves and muscles, three-finger toxins can cause paralysis and death.

At present, venomous snakebites from elapids are treated with antibodies taken from the plasma of animals that have been immunized against the snake toxin. Producing the antibodies is costly, and they have limited effectiveness against three-finger toxins. This treatment can also have serious side effects, including causing the patient to go into shock or respiratory distress.




"Efforts to try to develop new drugs have been slow and laborious," noted Vazquez Torres.

The researchers used deep learning computational methods to try to speed the discovery of better treatments. They created new proteins that interfered with the neurotoxic and cell-destroying properties of the three-finger toxin chemicals by binding with them.

Through experimental screening, the scientists obtained designs that generated proteins with thermal stability and high binding affinity. The actual synthesized proteins were almost a complete match at the atomic level with the deep-learning computer design.

In lab dishes, the designed proteins effectively neutralized all three of the subfamilies of three-finger toxins tested. When given to mice, the designed proteins protected the animals from what could have been a lethal neurotoxin exposure.

Designed proteins have key advantages. They could be manufactured with consistent quality through recombinant DNA technologies instead of by immunizing animals. (Recombinant DNA technologies in this case refer to the lab methods the scientists employed to take a computationally designed blueprint for a new protein and synthesize that protein.)

Also, the new proteins designed against snake toxins are small, compared to antibodies. Their smaller size might allow for greater penetration into tissues to quickly counteract the toxins and reduce damage.




In addition to opening new avenues to develop antivenoms, the researchers think computational design methods could be used to develop other antidotes. Such methods also might be used to discover medications for undertreated illnesses that affect countries with significantly limited scientific research resources.

"Computational design methodology could substantially reduce the costs and resource requirements for development of therapies for neglected tropical diseases," the researchers noted.

The senior researchers on the project to design protein treatments for elapid snakebites were Timothy J. Perkins at the Technical University of Denmark and David Baker of the UW Medicine Institute for Protein Design and the Howard Hughes Medical Institute. Baker is a professor of biochemistry at the UW School of Medicine.

The University of Washington has submitted a provisional U.S. patent application for the design and composition of the proteins created in this study.
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Ancient genomes reveal an Iron Age society centred on women | ScienceDaily
An international team of geneticists, led by those from Trinity College Dublin, has joined forces with archaeologists from Bournemouth University to decipher the structure of British Iron Age society, finding evidence of female political and social empowerment.


						
The researchers seized upon a rare opportunity to sequence DNA from many members of a single community. They retrieved over 50 ancient genomes from a set of burial grounds in Dorset, southern England, in use before and after the Roman Conquest of AD 43. The results revealed that this community was centred around bonds of female-line descent.

Dr Lara Cassidy, Assistant Professor in Trinity's Department of Genetics, led the study that has been published in leading international journal Nature today. She said: "This was the cemetery of a large kin group. We reconstructed a family tree with many different branches and found most members traced their maternal lineage back to a single woman, who would have lived centuries before. In contrast, relationships through the father's line were almost absent.

"This tells us that husbands moved to join their wives' communities upon marriage, with land potentially passed down through the female line. This is the first time this type of system has been documented in European prehistory and it predicts female social and political empowerment.

"It's relatively rare in modern societies, but this might not always have been the case."

Incredibly, the team found that this type of social organisation, termed "matrilocality," was not just restricted to Dorset. They sifted through data from prior genetic surveys of Iron Age Britain and, although sample numbers from other cemeteries were smaller, they saw the same pattern emerge again and again.

Dan Bradley, Professor of Population Genetics in Trinity's Department of Genetics, and a co-author of the study, added: "Across Britain we saw cemeteries where most individuals were maternally descended from a small set of female ancestors. In Yorkshire, for example, one dominant matriline had been established before 400 BC. To our surprise, this was a widespread phenomenon with deep roots on the island."

Iron Age cemeteries with well-preserved burials are rare in Britain. Dorset is an exception, due to the unique burial customs of the people who lived there, named as the "Durotriges" by the Romans. The researchers sampled DNA from a site near the village of Winterborne Kingston, nicknamed "Duropolis," which archaeologists from Bournemouth University have been excavating since 2009. Previously, the team had observed the more richly furnished Durotrigan burials to be those of women.




Dr Miles Russell, the excavation's director and co-author on the study, commented: "Beyond archaeology, knowledge of Iron Age Britain has come primarily from the Greek and Roman writers, but they are not always considered the most trustworthy. That said, their commentary on British women is remarkable in light of these findings. When the Romans arrived, they were astonished to find women occupying positions of power. Two of the earliest recorded rulers were queens -- Boudica and Cartimandua -- who commanded armies.

"It's been suggested that the Romans exaggerated the liberties of British women to paint a picture of an untamed society. But archaeology, and now genetics, implies women were influential in many spheres of Iron Age life. Indeed, it is possible that maternal ancestry was the primary shaper of group identities."

Anthropologist Dr Martin Smith, one of the project's bone specialists, added: "These results give us a whole new way of looking at the burials we are uncovering with our students. Rather than simply seeing a set of skeletons, hidden aspects of these people's lives and identities come into view as mothers, husbands, daughters and so on. We also see these folk had deep knowledge of their own ancestry -- multiple marriages between distant branches of this family occurred and were possibly favoured, but close inbreeding was avoided."

Echoing the writings of Julius Caesar, the researchers further uncovered a footprint of Iron Age migration into coastal southern England, which had gone undetected in prior genetic studies. This will add more fuel to debates surrounding the arrival of Celtic language in Britain.

Dr Cassidy explained: "Migration into Britain during the later Bronze Age has previously been detected, leading some to hypothesise that Celtic language arrived during this period. But our results point towards substantial cross-channel mobility during the Iron Age as well. Narrowing down the arrival time of Celtic will be difficult. Indeed, it is quite possible that Celtic languages were introduced to Britain on more than one occasion."
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Beach guardians: How hidden microbes protect coastal waters in a changing climate | ScienceDaily
Beneath sandy beaches, microbes filter chemicals from groundwater and safeguard ocean health. A Stanford-led study reveals that sneaker waves provide a lens to explore the impending impacts of sea level rise on beach hydrology, chemistry, and microbiology.


						
A hidden world teeming with life lies below beach sands. New Stanford-led research sheds light on how microbial communities in coastal groundwater respond to infiltrating seawater. The study, published Dec. 22 in Environmental Microbiology, reveals the diversity of microbial life inhabiting these critical ecosystems and what might happen if they are inundated by rising seas.

"Beaches can act as a filter between land and sea, processing groundwater and associated chemicals before they reach the ocean," said study co-first author Jessica Bullington, a Ph.D. student in Earth system science in the Stanford Doerr School of Sustainability. "Understanding how these ecosystems function is key to safeguarding their services in the face of sea level rise."

The research team conducted the intensive study at Stinson Beach, north of San Francisco. Stinson Beach is representative of a "high-energy" beach, which has only a handful of previous papers on the microbiome worldwide.

Microbial guardians

Microbial communities living in groundwater within beach sand play a crucial role in maintaining coastal water quality. These microbes help break down chemicals, including excess nutrients like nitrogen, which can come from natural sources, such as decomposing plant matter, or human sources, like agricultural runoff and wastewater.

To better understand the dynamics of this microbial filtering system, the research team headed to Stinson Beach. Over two weeks, during both a wet and dry season, they collected samples from the beach's subterranean estuary around the clock to capture changing tides. Then, the researchers analyzed the microbial DNA using advanced gene sequencing techniques. This approach -- the first of its kind at such a fine time scale -- provided unprecedented insight into the microbial community's composition and stability.




The researchers found that the microbial communities remained relatively stable over changing tidal conditions and seasons. However, a wave overtopping event -- when seawater surged into the aquifer due to high-energy waves -- caused significant changes in the microbial makeup. Such disturbances are expected to become more frequent with rising sea levels and storm surges, making it harder for the microbes to do their water purification work.

"These microbes live in complex communities, many with specialized roles that include processing nutrients and even producing or consuming greenhouse gases," said co-senior author Christopher Francis, a professor of Earth system science and of oceans in the Stanford Doerr School of Sustainability. "The microbial community's resilience under typical conditions is encouraging, but disturbances like wave overtopping highlight their vulnerability to climate change," said co-first author Katie Langenfeld, a postdoctoral scholar in civil and environmental engineering at Stanford at the time of the research and current postdoctoral fellow at the University of Michigan.

Implications for coastal resilience

The study's findings establish a critical baseline for understanding how subterranean estuaries function and respond to environmental changes. As sea levels rise, beach sands will be forced inland or erode, altering groundwater hydrology, chemistry, and microbial composition.

The research adds a crucial piece to the puzzle of coastal resilience. By highlighting the interplay between microbial dynamics and physical processes like wave action, the study brings into question impending changes to coastal groundwater. Policymakers and coastal planners should consider the role of these hidden ecosystems when designing strategies to manage sea level rise, according to the researchers.

"We rely on these microbial communities for essential biogeochemical cycling at the land-sea interface," said co-senior author Alexandria Boehm, the Richard and Rhoda Goldman Professor of Environmental Studies in the Stanford Doerr School of Sustainability and the Stanford School of Engineering. "If their capacity diminishes due to climate impacts, we could see cascading effects on coastal water quality and marine life."
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Gene editing extends lifespan in mouse model of prion disease | ScienceDaily
Researchers at the Broad Institute of MIT and Harvard have developed a gene-editing treatment for prion disease that extends lifespan by about 50 percent in a mouse model of the fatal neurodegenerative condition. The treatment, which uses base editing to make a single-letter change in DNA, reduced levels of the disease-causing prion protein in the brain by as much as 60 percent.


						
There is currently no cure for prion disease, and the new approach could be an important step towards treatments that prevent the disease or slow its progression in patients who have already developed symptoms. A base-editing approach could also likely be a one-time treatment for all prion disease patients regardless of the genetic mutation causing their disease.

The work, led by Broad senior group leaders Sonia Vallabh and Eric Minikel, as well as Broad core institute member David Liu, is the first demonstration that lowering levels of the prion protein improves lifespan in animals that have been infected with a human version of the protein. The findings appear in Nature Medicine.

"As a patient scientist, I think often about how lucky we are to be coming at this problem now," said Vallabh. "When I received my genetic test report in 2011, the world had never heard of base editing. It's a huge privilege to have the opportunity to point these powerful new tools at our disease."

"It's been incredible to merge our disease models with this gene-editing technology," Minikel said.

"Our lab is very fortunate to have the opportunity to work with Eric and Sonia, who have brought tremendous expertise, scientific rigor, and total dedication to this collaboration," said Liu, the Richard Merkin Professor and director of the Merkin Institute of Transformative Technologies in Healthcare at the Broad. "We are hopeful the results might inform the future development of a one-time treatment for this important class of diseases."

Meirui An and Jessie Davis, both graduate students in Liu's lab at the time of the project, are co-first authors on the study.




"Prion disease has a lot of different origins -- some are genetic, some occur spontaneously, and others stem from infections -- but we believe this base editing strategy can be applied to all of these forms of prion disease," An said. "This has the potential to be a really promising strategy."

A long-awaited strategy

Vallabh and Minikel have been studying prion disease since 2012, after Vallabh's mother passed away from a form of the disease called fatal familial insomnia and Vallabh found out that she had inherited the disease-causing mutation. The wife-and-husband team started a lab at the Broad with a singular focus: preventing and treating prion disease within their lifetime.

Not long after the development of CRISPR-Cas9 gene editing in 2013, Vallabh and Minikel began thinking about whether CRISPR could be used to disrupt the gene encoding the prion protein. Minikel remembers thinking, "There's something really promising there. We should be able to do something with this."

In 2018, Liu, who works on the same floor as Minikel and Vallabh at Broad, approached them and proposed a collaboration. His lab had just developed base editing, a gene-editing approach that makes single-letter changes in DNA and can shut down protein production using strategies including installing a "stop" signal in the genetic code.

Vallabh and Minikel knew from studying population databases such as the Genome Aggregation Database (gnomAD) that R37X, a naturally occurring mutation in the prion gene, reduced protein levels without harmful side effects in people. That gave them hope that installing the same mutation using base editing might be protective against the disease.




"We realized it was this golden opportunity to use human genetics to inform base editing," Minikel said.

Brain delivery

In the new study, the team showed that a base editor installed the R37X edit in human cells efficiently and with few unwanted byproducts. But the researchers needed to deliver the base editors to the brain.

Building on previous work by the vector-engineering lab of Ben Deverman at the Broad, the team developed a pair of adeno-associated viruses (AAVs) to package and deliver the base-editing machinery to brain cells. They then administered the AAVs to mice infected with the human prion protein.

On average, the system installed the R37X edit in 37 percent of copies of the gene, reducing levels of the prion protein by 50 percent compared to mice without the treatment. The mice also lived about 50 percent longer.

The scientists made a swath of improvements to their system to boost editing efficiency and limit delivery to other tissues. With their improved system, they observed 63 percent lower prion protein levels at a six-fold lower dose of AAVs.

In the future, the team hopes to make the base-editing cargo smaller, because dual AAVs can be costly to produce. They also plan to develop a strategy that uses prime editing -- which can install more complicated DNA edits than single-base changes -- to install a protective mutation that does not shut down protein production but rather ensures that the prion protein itself is benign.

"There's still a long way to go to make this a therapy," Minikel said. "But it's really exciting to see how much is possible."

This work was supported in part by the National Institutes of Health, Prion Alliance, and the Howard Hughes Medical Institute.
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Floating solar panels could support US energy goals | ScienceDaily
Federal reservoirs could help meet the country's solar energy needs, according to a new study published in Solar Energy.


						
For the study, Evan Rosenlieb and Marie Rivers, geospatial scientists at the U.S. Department of Energy National Renewable Energy Laboratory (NREL), as well as Aaron Levine, a senior legal and regulatory analyst at NREL, quantified for the first time exactly how much energy could be generated from floating solar panel projects installed on federally owned or regulated reservoirs. (Developers can find specific details for each reservoir on the website AquaPV.)

And the potential is surprisingly large: Reservoirs could host enough floating solar panels to generate up to 1,476 terawatt hours, or enough energy to power approximately 100 million homes a year.

"That's a technical potential," Rosenlieb said, meaning the maximum amount of energy that could be generated if each reservoir held as many floating solar panels as possible. "We know we're not going to be able to develop all of this. But even if you could develop 10% of what we identified, that would go a long way."

Levine and Rosenlieb have yet to consider how human and wildlife activities might impact floating solar energy development on specific reservoirs. But they plan to address this limitation in future work.

This study provides far more accurate data on floating solar power's potential in the United States. And that accuracy could help developers more easily plan projects on U.S. reservoirs and help researchers better assess how these technologies fit into the country's broader energy goals.

Floating solar panels, also known as floating PV, come with many benefits: Not only do these buoyed power plants generate electricity, but they do so without competing for limited land. They also shade and cool bodies of water, which helps prevent evaporation and conserves valuable water supplies.




"But we haven't seen any large-scale installations, like at a large reservoir," Levine said. "In the United States, we don't have a single project over 10 megawatts."

Previous studies have tried to quantify how much energy the country could generate from floating solar panels. But Levine and Rosenlieb are the first to consider which water sources have the right conditions to support these kinds of power plants.

In some reservoirs, for example, shipping traffic causes wakes that could damage the mooring lines or impact the float infrastructure. Others get too cold, are too shallow, or have sloping bottoms that are too steep to secure solar panels in place.

And yet, some hydropower reservoirs could be ideal locations for floating solar power plants. A hybrid energy system that relies on both solar energy and hydropower could provide more reliable and resilient energy to the power grid. If, for example, a drought depletes a hydropower facility's reservoir, solar panels could generate energy while the facility pauses to allow the water to replenish.

And, to build new pumped storage hydropower projects -- which pump water from one reservoir to another at a higher elevation to store and generate energy as needed -- some developers create entirely new bodies of water. These new reservoirs are disconnected from naturally flowing rivers, and no human or animal depends on them for recreation, habitat, or food (at least not yet).

In the future, the researchers plan to review which locations are close to transmission lines or electricity demand, how much development might cost at specific sites, whether a site should be avoided to protect the local environment, and how developers can navigate state and federal regulations. The team would also like to evaluate even more potential locations, including other, smaller reservoirs, estuaries, and even ocean sites.

The research was funded by the Solar Energy Technologies Office and the Water Power Technologies Office in DOE's Office of Energy Efficiency and Renewable Energy (EERE).
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Hiroshima flooding: A case study of well usage and adaptive governance | ScienceDaily
Society is often vulnerable to disasters, but how humans manage during and after can turn devastation into opportunities for improved resilience.


						
For instance, private wells are attracting attention as an alternative resource for securing water for daily use and consumption in the event the water supply is cut off after a disaster. However, there are few records on how wells are used in the confusion of disasters, so detailed research is needed to promote the use of emergency wells.

Professor Takahiro Endo of the Graduate School of Sustainable System Sciences at Osaka Metropolitan University conducted a survey on the use of groundwater in Kure, Hiroshima Prefecture, during water supply disruptions due to the 2018 west Japan floods. The study examined actual implementation of adaptive governance, where multiple levels of government, nonprofits, and local individuals cooperate in achieving a desired societal outcome.

It was discovered that Hiroshima Prefecture, in agreement with the water quality inspection organization Hiroshima Environment and Health Association, had provided a free water inspection service for well owners after the water outage. This promoted the initiative to have the inspected wells open to the public. These collaborative efforts made it possible for wells to become available in a short period of time and supplemented the emergency water supply activities of local governments.

"This is a case of emergency water supply policy that makes use of the economic incentive of free water quality testing, which could be a model policy for other local governments considering the introduction of disaster wells," stated Professor Endo.

These findings were published in Water International.
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Ecologist highlights critical gaps in global wildlife trade monitoring | ScienceDaily
Wildlife trade poses one of the greatest threats to the survival of numerous species. According to the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) at least 50,000 species are involved in trade. However, while this figure already seems huge, it risks overlooking less traditional sectors of wildlife trade, such as the pet or fashion trade. For instance, recent data shows that the number of butterflies traded exceeds the total number of terrestrial arthropods in the IPBES assessment. This raises a critical question: How many wild species are actually being traded globally?


						
This question remains hard to answer. While species classified as potentially endangered by trade may be monitored under the auspices of CITES, most wildlife trade is legal and falls outside the scope of any overarching international legislation or monitoring. One notable exception is in the United States, where the US Fish and Wildlife Service tracks traded wildlife through the Law Enforcement Management Information System (LEMIS).

Using 22 years of LEMIS data, a recent study led by Professor Alice C. HUGHES, Associate Professor of the School of Biological Sciences, The University of Hong Kong (HKU), in collaboration with international researchers, explores the dimensions of wildlife trade and obtain one of the most comprehensive overviews to date. Published in Proceedings of the National Academy of Sciences (PNAS), the study reveals striking findings: between 2000 and 2022, the US traded almost 30,000 wild species and over 2.85 billion individuals, with over 50% of individuals from most taxa sourced directly from the wild. These findings are significant as the impact of trade on most of these species has never been assessed.

While the US provides detailed records of traded species, comparable data is lacking in most other countries. For most species in trade, we lack data on offtake or wild population size, making it impossible to assess the sustainability of the trade. However, in cases where assessments have been made, the majority of populations subjected to harvesting have shown declines.

This paper highlights the true scale and diversity of legal wildlife trade. Remarkably, less than 0.01% of the wildlife trade recorded in the US was illegal, meaning that these billions of individuals are not only traded legally, but for most taxa the majority come from the wild. The research also highlights how little we genuinely know about what makes up wildlife trade globally. The lack of systematic monitoring not only hinders our ability to understand or monitor trade but also precludes any opportunity of manage it sustainably.

The study advances our understanding of wildlife trade, and the codes developed will facilitate the standardisation and analysis of further trade data. With the second part of CBD-COP16 scheduled for February 2025, it is hoped this paper highlights the importance of evaluating how wildlife trade data is recorded and shared, and encourages effort toward more comparable global datasets.
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Great Barrier Reef fish evidence suggests shifts in major global biodiversity patterns | ScienceDaily
Life on the Great Barrier Reef is undergoing big changes in the face of climate change and other human-caused pressures, a new study reveals.


						
From food security to controlling seaweed and even making sand for beaches, reef fish are a hugely important part of marine ecosystems providing a range of benefits to humans and coral reef ecosystems.

New research from an international team of marine scientists from the UK and Australia and led by researchers at Lancaster University, published today in the journal Nature Communications, reveals significant transformations in fish communities on the Great Barrier Reef, the World's largest coral reef ecosystem.

Their findings show Great Barrier Reef fish communities differ substantially from those of the 1990s, and the pace of change has increased. The findings raise questions around how long-known patterns of how life is spread across the Earth seem to be shifting.

And importantly, researchers discovered that coral diversity rather than the amount of coral on a reef plays the most crucial role in driving the diversity of fish that depend upon it.

The Great Barrier Reef ecosystem faces many pressures with some, such as coral bleaching and cyclones, becoming more intense and frequent in recent decades. Extreme heat stress resulted in six mass coral bleaching events on the Great Barrier Reef from 1998 to 2022, and another recently in 2024 after this study was completed. This is compounded by other pressures, such as tropical storms, water pollution and outbreaks of crown-of-thorns starfish. These pressures have huge effects on the coral reefs -- impacting the amount of coral, the composition of coral assemblages and the diversity of fish that live on coral reefs.

The research team analysed data from the Australian Institute of Marine Science's (AIMS) Long-Term Monitoring Program, which surveys fish and coral stretching back three decades between 1995 and 2022. The AIMS surveys span more than 1,200 km (from 14degS to 24degS) along the Great Barrier Reef.




One of the most documented patterns of life on Earth is how the number of species (also known as species richness) increases as you get closer to the Equator. This pattern is known as the 'latitudinal diversity gradient'. A key result from this study is showing how this pattern has undergone significant fluctuations.

Latitudinal patterns of diversity are thought to have been relatively stable over long geological timescales, with these patterns also found in fossil records. The study's results show that although this pattern remains broadly in line with what we expect for the Great Barrier Reef, there are signs the gradient may be shifting as a result of the increasing pressures.

In the northernmost parts of the Great Barrier Reef, which are closest to the equator, the number of different fish species, in particular species of omnivores, plankton feeders and herbivores, have reduced. In contrast, these trophic groups increased in the southernmost sectors of the Great Barrier Reef, raising questions about other potential consequences on the functioning of this ecosystem.

In the southern part of the Great Barrier Reef, reef fish species richness has experienced big fluctuations -- flipping from periods with high numbers of different species, and periods where that richness has been very low.

But the researchers not only show how the number of fish species has changed, they also looked at how the composition of fish communities has changed. They found that fish communities have continuously changed as fish species replace others particularly in response to disturbances. And as disturbances become more common so too do these changes in fish communities.

Javier Gonzalez-Barrios, lead author of the study and PhD researcher at Lancaster University, said: "Our findings show how long-term and persistent changes are occurring in the biodiversity of the Great Barrier Reef with increasing disturbance from factors such as climate change. We reveal that the fish communities that make their home on the Great Barrier Reef have changed substantially from the beginning of monitoring in the 1990s, both in the number of species and their composition, and continue to change as pressures on the reef system increase.




"We have seen changes in the number and composition of fish species throughout the reef system as well as species turnover -- when one species replaces another -- are accelerating in recent years, without any sign of stabilisation.

"These changes provide valuable insights into classic geographic patterns, such as the latitudinal diversity gradient, and opens questions as to whether these patterns are decoupling from their original underlying drivers."

Another key finding from the study is that changes to the composition of coral species is a better predictor of altered fish patterns than simply the percentage cover of hard corals -- a widely-used metric to evaluate coral reef condition.

"The Great Barrier Reef has undergone major fluctuations, with hard coral cover on many reefs declining and then recovering in response to large disturbances," said Dr Mike Emslie of AIMS. "However, just looking at coral cover can mask the underlying changes in the composition of coral species. Corals build the three-dimensional habitat structure that support other organisms such as fish, and the diversity of corals present can greatly influence the extent of that 3-D structure. The recovery of some corals might not provide the same level of habitat complexity resulting in changes to the fish communities that rely on that complexity.

"Our study shows that changes in fish diversity on the Great Barrier Reef were strongly correlated with shifts in coral composition, and to a lesser extent with fluctuations in coral cover, highlighting the vital importance of a diverse coral assemblage for reef fish communities."

Professor Nick Graham, of Lancaster University said: "Reef fish are important to a range of ecosystem processes, such as controlling seaweed so it doesn't overgrow and take over areas of the seabed, to producing the sand we sunbathe on in tropical locations. Reef fish are also important to fisheries and are a vital source of food for millions of people. With disturbances becoming more frequent and severe, the patterns in fish diversity and abundance we have come to expect are changing, and this will alter the benefits the fish provide for the ecosystem and for people. It's important that we improve our understanding of how patterns of biodiversity are changing on coral reefs, and the ecological and social implications of this change."

The paper's authors are Javier Gonzalez-Barrios, Sally Keith and Nick Graham of Lancaster University, Michael Emslie and Daniela Ceccarelli of AIMS, and Gareth Williams of Bangor University.

The Australian Institute of Marine Science (AIMS) is an Australian government science agency and provides funding for the Long-Term Monitoring Program. Javier Gonzalez-Barrios was funded by a Natural Environment Research Council (NERC) studentship with the Envision Doctoral Training Centre.
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Genetic tweak optimizes drug-making cells by blocking buildup of toxic byproduct | ScienceDaily
An international team of researchers led by the University of California San Diego has developed a new strategy to enhance pharmaceutical production in Chinese hamster ovary (CHO) cells, which are commonly used to manufacture protein-based drugs for treating cancer, autoimmune diseases and much more. By knocking out a gene circuit responsible for producing lactic acid -- a metabolite that makes the cells' environment toxic -- researchers eliminate a primary hurdle in developing cells that can produce higher amounts of pharmaceuticals like Herceptin and Rituximab, without compromising their growth or energy production.


						
The research, published on Jan. 14 in Nature Metabolism, also challenges long-held assumptions about the necessity of lactic acid metabolism in cell survival.

CHO cells have become essential tools in modern medicine, serving as the "living factories" that produce more than half of today's top-selling protein-based drugs, including therapies for cancer, autoimmune diseases and more. But despite their success, they have one main flaw: low protein yield. CHO cells don't always produce enough of the desired drugs to meet demand, which makes these pharmaceuticals more costly.

Now, researchers have developed an approach that promises to improve the yields of CHO cells in drug production. The approach targets a key metabolic process: the secretion of lactic acid.

During protein production, CHO cells release lactic acid as a byproduct of their metabolism. The more active they are, the more lactic acid they produce. "As we grow cells to produce more drugs, lactic acid builds up and kills the cells, thus reducing the yields of life-saving drugs while driving up manufacturing costs," said study senior author Nathan Lewis, who led the study while serving as a professor in the Shu Chien-Gene Lay Department of Bioengineering and Department of Pediatrics at UC San Diego (now at the University of Georgia).

Efforts to stop lactic acid production have so far focused on inhibiting the enzyme responsible for this process, lactate dehydrogenase. But these efforts have been unsuccessful, as lactate dehydrogenase is essential for cell survival. "If you try to remove it or block it, the cells die," said Lewis. "This has been demonstrated in multiple studies."

In the new study, Lewis and colleagues, co-led by UC San Diego bioengineering Ph.D. alumnus Hooman Hefzi (now a professor at Technical University of Denmark), took a different approach. Instead of focusing on lactate dehydrogenase itself, they mapped out a network of genes -- five in CHO cells and six in human cells -- that work together to control lactic acid production. The researchers hypothesized that this gene circuit was responsible for the cells' overproduction of lactate.




When the researchers knocked out this gene circuit, the CHO cells stopped producing lactic acid. Moreover, the cells demonstrated improved growth and, compared to similarly treated controls, produced significantly higher yields of protein-based drugs such as Herceptin and Rituximab, which are used to treat breast cancer and lymphoma, respectively. The modified CHO cells also successfully produced a variety of other therapeutic proteins, including Enbrel, a treatment for rheumatoid arthritis and psoriasis, and erythropoietin, which stimulates red blood cell production.

Challenging the Warburg effect

This work also sheds light on a key biological process known as the Warburg effect. First observed in cancer cells by German scientist Otto Warburg 100 years ago, the Warburg effect refers to a metabolic shift that causes cells to overproduce lactic acid. This process has long been thought to be critical for cell proliferation and energy production.

Yet, the new research challenges that notion. By eliminating the Warburg effect in CHO cells, researchers found that the cells maintained normal growth rates and energy output. This suggests that the Warburg effect may not be as essential as previously hypothesized.

The researchers note that these newly engineered "Warburg-null" CHO cells are also compatible with industrial cell line development processes. That means these cells could easily be integrated into real-world drug production, which could be a game-changer for biomanufacturing.

The team has discovered additional tweaks that further boost the CHO cells' productivity, and are continuing to study their implications on the entire drug manufacturing process.

"Our work has the potential to make drug production far more efficient, which could significantly lower manufacturing costs," said Lewis. "By improving the productivity of these cells, we're taking an important step toward making life-saving therapies, like cancer treatments and gene therapies, more affordable and accessible to patients worldwide."
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Hepatitis E vaccination is effective in an epidemic | ScienceDaily
Hepatitis E, a potentially serious viral liver disease, is transmitted through contaminated water. The risk is particularly high in populations with limited access to safe water and sanitation. In South Sudan, outbreaks have regularly ravaged camps for internally displaced persons and their host populations. Although a vaccine has been available since 2011, its 3-dose regimen makes it difficult to administer in such a context. A team from Medecins Sans Frontieres (MSF), MSF Epicentre, Johns Hopkins University (JHU), the South Sudanese Ministry of Health, the World Health Organization (WHO), the University of Geneva (UNIGE) and the Geneva University Hospitals (HUG) conducted clinical and lab studies after a vaccination campaign to assess its effectiveness in protecting individuals and helping to control the epidemic. Their results showed that the vaccine was effective with just the first two doses. These results can be read in the Lancet Infectious Diseases.


						
Hepatitis E is a viral infection that is particularly dangerous for pregnant women and people with chronic illnesses, with a mortality rate of up to 10-50 %. ''Symptoms of hepatitis E are similar to other diseases that cause acute jaundice, making it difficult to detect. While we don't have precise estimates of the global burden, some have put it at around 50,000 deaths a year,'' explains Andrew Azman, epidemiologist at the UNIGE-HUG Centre for Emerging Viral Diseases, MSF and JHU, who led this research. ''The Bentiu camp in South Sudan, home to more than 100,000 people who have been displaced due to civil war, is a regular victim of hepatitis E and other waterborne disease outbreaks, likely due to the poor sanitation conditions and frequent flooding."

The Hecolin vaccine, developed in China and licensed in some countries since 2011, has been recommended as a potential tool in outbreaks by the WHO. However, until this use in an outbreak, it had only been used in the context of controlled clinical trials and travel medicine in China. ''That's why it was essential to study the vaccine's effectiveness on other populations and in regions where the type of virus circulating is different from China, as well as the logistical feasibility of such a campaign,'' adds Isabella Eckerle, Professor at the Faculty of Medicine and Director of the UNIGE-HUG Centre for Emerging Viral Diseases. ''In particular, it was important to understand its effectiveness after just two doses, whereas it is usually administered in three doses 6 months apart.''

An original research partnership

The Centre for Emerging Viral Diseases, a specialist centre run jointly by the HUG and the UNIGE Faculty of Medicine, provided scientific support to the MSF field teams in charge of the clinical aspect of the study. ''The vaccination campaign targeted individuals aged 16 years and took place in three rounds, in March, April and October 2022,'' explains Iza Ciglenecki, Operational research coordinator at MSF Switzerland. ''Our study then compared the vaccination status of 201 patients testing positive for hepatitis E between May and December 2022 with that of others in their neighbourhood presenting no symptoms. Despite fewer hepatitis E cases than expected after vaccination, our study revealed that two doses of vaccine was effective, an excellent result given the particular context of a camp for displaced people.''

The samples were then sent to the laboratories of the Centre for Emerging Viral Diseases to determine the biological characteristics of the virus and immune responses. ''These laboratory data, which were challenging to carry out on site, not only demonstrated the protection induced by the vaccine, but also enabled us to better understand transmission and the performance of diagnostic tests, which can help us design better outbreak responses in the future,'' emphasises Isabella Eckerle. ''This project represents a rewarding synergy between MSF's operational expertise and our own in translational research and diagnostic excellence!''.

A global stockpile created by the WHO

The study therefore confirms the protection provided by two doses of this vaccine, even during an epidemic, and the reduction in the incidence of the disease. ''Our results combined with others helped lead to recent approval by WHO's International Coordinating Group (ICG) on Vaccine Provision of a stockpile of hepatitis E vaccines for emergencies. This stockpile has the potential to save many lives and we're looking forward to seeing it in action. These results have also already contributed to the WHO recommendations on the use of a two-dose schedule," concludes Andrew Azman.
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Direct discharge electrical pulses for carbon fiber recycling | ScienceDaily
Carbon fiber-reinforced polymers (CFRPs) are used in the aerospace, automotive, and sports equipment industries. However, their recycling remains a major problem. In a recent study, researchers from Waseda University demonstrated a novel direct discharge electrical pulse method for the efficient, effective, and environmentally friendly separation of CFRPs to recover high-quality carbon fibers. This work is expected to pave the way for a more sustainable world.


						
The world is hurtling rapidly towards a developed future, and carbon fiber-reinforced polymers (CFRPs) play a key role in enabling technological and industrial progress. These composite materials are lightweight and highly strong, making them desirable for applications in various fields, including aviation, aerospace, automotive, wind power generation, and sports equipment.

However, recycling CFRPs presents a significant challenge, with waste management being a pressing issue. Conventional recycling methods require high-temperature heating or chemical treatments, which result in high environmental impact and elevated costs. Moreover, it has been a challenge to recover high-quality carbon fibers. In this regard, electrohydraulic fragmentation has been proposed as a promising option. In this technique, intensive shockwave impulses generated by high-voltage discharge plasmas are applied along the interfaces of different materials to separate the various components.

While this method is lucrative, can we do better? Answering this question, a team of researchers from Waseda University, led by Professor Chiharu Tokoro from the Department of Creative Science and Engineering, and including Keita Sato, Manabu Inutsuka, and Taketoshi Koita, has come up with a novel direct discharge electrical pulse method for efficiently recycling CFRPs. Their findings have been published in the journalScientific Reportson November 30, 2024.

Tokoro talks about the motivation behind their present work, stating: "In our previous studies, we had already established research expertise in generating shock waves in water using electrical pulse phenomena to efficiently fragment difficult-to-process materials. However, in applications such as lithium-ion batteries, we discovered that direct discharge, which utilizes Joule heating and vapor expansion of the material itself, is more effective for high-efficiency separation than relying on shock waves. Wenow apply this approach to CFRP, hypothesizing that it could achieve more efficient separation compared to current methods."

The direct discharge electrical pulse technique leverages Joule heat generation, thermal stress generation, and expansion force due to plasma generation, foregoing the need for heating or chemicals. The researchers compared this method with electrohydraulic fragmentation by examining the corresponding physical properties of the recovered carbon fibers, including length, tensile strength, resin adhesion, and structural degradation, as well as the energy efficiency in terms of fiber separation. They found that their new technique is more effective for carbon fiber recovery. It preserves relatively longer fibers with higher strength and also precisely separates CFRPs into individual fibers without retaining any residual resin on the surface.

Furthermore, the direct discharge approach improves energy efficiency by a factor of at least 10 compared to traditional alternatives, while reducing environmental impact and promoting resource utilization.

Therefore, this technology is anticipated to accelerate CFRP recycling, contributing significantly to the development of a sustainable society. According to Tokoro, "Our research findings have numerous applications, pertaining tothe recycling of CFRPs from spent aircraft components, automotive waste, and wind turbine blades. Thus, the present innovation supports sustainability across industries by enabling efficient resource recovery and reducing environmental impact."

Overall, this work is expected to further the United Nations Sustainable Development Goals of Industry, Innovation and Infrastructure (SDG 9) and Responsible Consumption and Production (SDG 12).
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What makes some plant species 'ripe' for domestication | ScienceDaily
Researchers at the University of Southampton have proposed that some wild plant species possess certain attributes which make them more suitable for human cultivation than others.


						
The scientists, investigating the origins of domesticated plants, say understanding these key genetic and morphological traits may provide important clues about how to develop future, climate change adapted crops.

They suggest that looking at today's existing undomesticated or underutilised plants could help meet future challenges of developing varieties to resist rising global temperatures and unpredictable weather.

Domesticated plants are those which have been adapted from the wild for human use, often over thousands of years. Around 12-thousand years ago, hunter-gatherer societies began cultivating a wide array of species as more reliable sources of food. By repeatedly growing seeds from their best plants each season, humans slowly produced more robust crops with improved yields -- but only some of the wild species were domesticated and others were abandoned.

The researchers behind this new study, published in the journal Trends in Ecology and Evolution, say useful, hidden properties in some wild species 'primed' them for domestication. Their research reviews a host of past literature and evidence to examine why just a minority of these wild plants were domesticated and how modern cultivated varieties differ at a genetic level from their ancestors and present day wild 'cousins'.

Lead author of the study, Professor Mark Chapman of the University of Southampton, explains: "Tens of thousands of plant species are edible, yet just a few hundred have been domesticated and a mere 15 species provide 90 percent of our calories.

"Hundreds of wild plants were collected during the Neolithic period by humans, but were later abandoned as food sources. We have explored which genetic or physical traits facilitated or constrained the domestication of wild species."

The team, which also includes scientists from the universities of Oxford, Sheffield and the Royal Botanical Gardens at Kew, identified three main influencing factors which make plants suitable for human cultivation:
    	Plasticity -- how a plant adapts to its environment. Quick and easily adapting plants with traits that humans favoured are more likely to have been useful for human cultivation.
    	Genetic make-up -- the simpler, the better. If a small number of genes influence the traits that humans could benefit from, then evolution of the crop morphology is more easily achieved.
    	Mutation rate -- the faster, the more chance of change. If a plant mutates quickly the process of trial and error to generate bigger seeds or tastier fruits will take less time.




The researchers say that understanding the complex, interrelated factors which lead to certain plant species dominating in domesticated crops can help us understand which wild crops may be successfully adapted to future conditions caused by climate change.

"When plants were first domesticated thousands of year ago, humans only knew the climate and weather conditions they would face at that present time," explains Professor Chapman. "Now, using sophisticated climate modelling, we can predict how our world will warm and how our weather will change in the decades to come. This gives us the opportunity to think about the ways in which our crops will need to be resistant in the future."

The scientists conclude that present day wild plants, underutilised crops in local communities, or partially domesticated species may hold key, useful traits which can be controlled through selection and precision breeding. They hope their study will help inform future work to adapt species with the aim of improving our food security in a fast changing world climate.
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Residents of unburned homes reported health symptoms months after Marshall Fire | ScienceDaily
Wildfires that burn homes and vehicles could expose people to dangerous airborne compounds through ash and smoke. Research published in ACS ES&T Air has shown that people returning to their unburned homes may also experience health symptoms months after a nearby fire is extinguished. Through a survey of people affected by the 2021 Marshall Fire in Boulder, Colorado, researchers found that headaches, sore throats and coughs were frequently self-reported by residents living near burned structures.


						
Wildland-urban interface fires, like the Marshall Fire and the fires in early 2025 across Los Angeles, burn both natural vegetation and human-made materials. Polycyclic aromatic hydrocarbons (PAHs) and volatile organic compounds (VOCs) are emitted at higher levels from human-made materials than natural biomass when burned. Exposure to these airborne compounds has been linked to negative health outcomes, including lung and cardiovascular diseases, according to the World Health Organization. After the Marshall Fire, researchers from the nearby University of Colorado, Boulder, found elevated levels of PAHs and VOCs in unburnt homes damaged by smoke, but they didn't investigate what negative health outcomes might have been caused by exposure to these compounds. So, another CU Boulder team, led by Colleen Reid, designed and launched a survey to understand the potential symptoms experienced by residents.

The survey was conducted twice, once at 6 months after the fire (642 respondents) and again at 1 year (413 respondents), among participants whose homes remained intact. The researchers asked participants about post-fire smoke impacts and health symptoms. They found that:
    	The most common fire-related symptoms were itchy or watery eyes, headaches, dry coughs, sneezing and sore throats.
    	61% of respondents reported campfire- or chemical-like smells in their homes 1 week after the fire, but those smells dissipated over time.
    	65% of respondents reported ash in their homes post-fire.
    	Most respondents were less confident in the air quality of their home and neighborhood 6 months post-fire than pre-fire, but most of that confidence was restored by the 1-year mark.

The team found that many self-reported symptoms (headaches, strange taste in the mouth) clustered together for residents whose homes were within 250 meters of a burned structure. In addition, dry coughs, itchy/watery eyes and sneezing were statistically associated with a change in the home's smell post-fire and/or finding smoke damage or ash inside. In fact, respondents who found visible ash in their home were over three times more likely to report headaches than people who didn't. Many participants said that cleaning their homes or HVAC systems, hiring cleaning companies, or replacing affected furniture or carpets helped reduce the smell over time. Researchers hope their findings will inform future regulations and guidelines on how to return home safely after a wildfire.

The authors acknowledge funding from the National Science Foundation, the Cooperative Institute for Research in Environmental Sciences (CIRES) Rapid Innovation Research Program at the University of Colorado, Boulder, the Harvard JPB Environmental Health Fellowship, and the Developmental Core of the University of Colorado Population Center.
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New computer models open door to far more targeted antibiotics | ScienceDaily
With antibiotic resistance a growing problem, University of Virginia School of Medicine researchers have developed cutting-edge computer models that could give the disease-fighting drugs a laser-like precision to target only specific bacteria in specific parts of the body.


						
As it stands, antibiotics kill bacteria indiscriminately. Because the drugs are used so widely, increasing numbers of dangerous bugs are growing resistant, threatening one of modern medicine's most important weapons against disease.

UVA's new approach, on the other hand, would dramatically limit how often bacteria are exposed to antibiotics, reducing the chance they could become resistant to antibiotics. Further, the approach would represent a significant step forward for precision medicine, allowing doctors to better tailor treatments to individual patients' needs. Instead of taking an antibiotic that kills bacteria regardless of whether helpful or harmful, patients could be given antibiotics that target specific bacteria causing a specific problem in a specific area of the body.

"Many biomedical challenges are incredibly complex, and computer models are emerging as a powerful tool for tackling such problems," said researcher Jason Papin, PhD, of UVA's Department of Biomedical Engineering. "We're hopeful that these computer models of the molecular networks in bacteria will help us develop new strategies to treat infections."

More Targeted Antibiotics

UVA's new approach was made possible by a herculean effort by Papin, PhD student Emma Glass and their collaborators. Working with Andrew Warren, PhD, of UVA's Biocomplexity Institute, the researchers in Papin's lab developed sophisticated computer models of every human bacterial pathogen with sufficient genetic information available.

Glass then analyzed all those models and identified shared traits among the bacteria. This analysis yielded the discovery that bacteria in certain parts of the body, such as the stomach, tended to share metabolic properties. Basically, where they live shapes how they function.




"Using our computer models we found that the bacteria living in the stomach had unique properties," Glass said. "These properties can be used to guide design of targeted antibiotics, which could hopefully one day slow the emergence of resistant infections."

The shared similarities among the microbes in different locales could be the Achilles' heel for harmful bacteria in our bodies. With further research, doctors may be able to target specific types of bacteria in specific areas, reducing the need for broad-spectrum antibiotics.

Putting their computer-modeling approach to the test, Papin and his team have already found that they could inhibit the growth of harmful stomach bugs in lab experiments. That's a promising sign for the future potential of their computer-modeling approach.

"We still have much to do to test these ideas for other bacteria and types of infections," Papin said. "but this work shows the incredible promise of data science and computer modeling for tackling some of the most important problems in biomedical research."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250114124923.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



study on hemp may lead to more sustainable farming methods | ScienceDaily
Hemp has become increasingly popular for its versatile uses: CBD-rich varieties are in high demand for pharmaceutical products, while fiber-rich varieties are valued for industrial applications like textiles. Now, a new University of Houston study of hemp microbes, published in the journal Nature, may help scientists create special mixtures of helpful microbes to make hemp plants produce more CBD or have better-quality fibers.


						
As a community of tiny organisms including microbes, the plant microbiome helps plants absorb nutrients, handle stress and produce valuable compounds.

The study, led by Abdul Latif Khan, assistant professor of biotechnology at the Cullen College of Engineering Technology Division, examined the communities of microbiomes living in and around the roots (rhizosphere) and on the leaves (phyllosphere) of four types of hemp plants. Khan's team also compared how these microorganisms differ between hemp grown for fiber and hemp grown for CBD production.

"In hemp, the microbiome is important in terms of optimizing the production of CBD and enhancing the quality of fiber. This work explains how different genotypes of hemp harbor microbial communities to live inside and contribute to such processes," reports Khan. "We showed how different types of hemp plants have their own special groups of tiny living microbes that help the plants grow and stay healthy."

"Understanding these microorganisms can also lead to more sustainable farming methods, using nature to boost plant growth instead of relying heavily on chemicals," said Waqar Ahmad, the paper's first author and doctoral student of Khan's.

Among the findings:

* Microbiome diversity was significantly different in soil, root, leaf, stem -- and also in CBD and fiber genotypes.




* Roots and soil showed higher bacterial diversity

* Leaves and stems had higher fungal diversity.

* Bacteria such as Sphingomonas, Pseudomonas and Bacillus were highly present among the hemp plants that produced fiber.

* Microbacterium and Rhizobium were more abundant in CBD-producing hemp as were fungi like Penicillium and Nigrospora, but fungi Alternaria and Gibberella were associated with fiber plants.

"Different genotypes have different microbiomes, affecting physiology, nutrient uptake, stress resilience, and production of secondary metabolites such as CBD. Our findings might suggest that these endophytic microorganisms have a major role in impacting CBD production and high-quality fiber in hemp," said Khan.

The team included Venkatesh Balan, UH associate professor of biotechnology at the Cullen College of Engineering Technology Division; Aruna Weerasooriya, professor of medicinal plants at Prairie View A&M University; and Ram Ray, professor of agronomy at Prairie View A&M University.
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New mechanism for maintaining genome stability discovered | ScienceDaily
Genetically speaking, it's a bacterium's worst-case scenario: during transcription, newly minted RNA sticks to its DNA template, forming a 3-stranded structure known as an R-loop. While these structures have some important roles to play in a cell, R-loops in the wrong place at the wrong time can be disastrous, leading to DNA breaks, mutations, and cell death.


						
Now, new research in Nature Structural & Molecular Biology describes how the enzyme RapA prevents R-loop formation in E. coli, with far-reaching implications for how all cells maintain genomic stability. The findings demonstrate that, under certain circumstances, the RNA polymerase (RNAP) enzyme responsible for copying DNA into RNA can generate rampant R-loops -- if not for the intervention of a protein called RapA.

"R-loops are generally bad news, so cells have many redundant mechanisms to prevent them from forming," says Seth Darst, head of the Laboratory of Molecular Biophysics. "We discovered that RapA, a protein that we've been curious about for years, is one of those key mechanisms."

The jaws of life

All living things rely on RNAP to transcribe DNA into RNA. In bacteria, researchers have long known that transcription begins when RNAP clamps onto a DNA strand and initiates the process after receiving the green light from sigma proteins. But the details of how transcription ends are still fuzzy. New studies have shown, for instance, that RNAP often remains clamped to the DNA even after the newly finished RNA transcript is released -- why and how was poorly understood.

Back in the 1990s, the Darst lab had discovered RapA, a ATPase that clearly interacted with RNAP -- but with no obvious function. "At the time, we really couldn't figure out what RapA was doing," he says. But after a few decades, when a separate research group found that E. coli exposed to stressful, high-salt conditions could not grow without RapA, Darst's interest in the mysterious protein reignited.

His team set about using cryo-EM to examine how RNAP remains clamped to DNA after transcription termination, and how RapA interacts with it. They chose negatively supercoiled DNA -- an underwound and twisted form of the double helix -- because it better mimics the natural state of bacterial DNA than the linear DNA often used in structural studies. "Ours is one of the first studies to use negatively supercoiled DNA in a cryo-EM experiment," says first author Joshua Brewer, who designed the experiment. "This method helped us better visualize the topological state of the DNA, how the proteins rearrange themselves, and how they interact with the DNA."

They were surprised to find that RNAP seldom sits idly when it remains clamped to DNA after transcription is complete. Instead, it can initiate transcription again, this time without the normal safeguard of sigma proteins. In the absence of sigma, transcription initiation forms harmful R-loops unless RapA can intervene first, prying open the RNAP clamp. "RNAP is like a big claw that closes around DNA," Darst says. "RapA binds RNAP and pulls the clamp open so that it falls off the DNA before it can create R-loops."




Beyond bacteria

A clearer picture of RapA's role began to emerge. When the team subjected bacteria engineered without RapA to stressful, high-salt conditions, the microbes experienced genetic instability -- evidence that RNAP is more likely to remain clamped to DNA and more likely to form R-loops under certain circumstances.

They also learned that, while E. coli also possess Rho, a well-studied enzyme capable of pulling R-loops apart, Rho cannot fully compensate when RapA is absent. "When you knock out RapA, Rho has to work overtime," Brewer says. "It appears that RapA and Rho work as complementary -- not redundant -- safeguards for genome stability when E. coli are subject to high-salt stress."

The implications could be vast. Darst, Brewer, and colleagues suspect that RapA -- or something like it (an RNAP release factor, so to speak) -- exists not only in E. coli but in all bacteria and, perhaps, in all cells. Uncovering similar mechanisms in other organisms could inspire new strategies to target diseases linked to transcription-related genome instability.

"We predict that other enzymes likely serve similar functions across the tree of life," says Darst. "The more we learn about these mechanisms, the more we deepen our understanding of how cells safeguard their genomes."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250114124915.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Just as Gouda: Improving the quality of cheese alternatives | ScienceDaily
Plant-based dairy products are a great alternative for people who avoid animal products, but manufacturers have a hard time replicating the creamy, cheesy qualities that make dairy so indulgent.


						
Scientists from the University of Guelph in Ontario and Canadian Light Source Inc. in Saskatchewan are working to produce plant-based cheese with all the characteristics of real cheese, but with better health benefits.

In Physics of Fluids, by AIP Publishing, researchers studied multiple types of plant-based proteins and how they interact with alternative cheese scaffolds.

"If you wanted to strictly only eat plant-based products, you would end up eating a lot of beans and tofu, which can be little bit boring after a while," said author Alejandro Marangoni. "Now, consumers expect essentially the same animal product but with plant-based ingredients, which is very difficult."

To create a cheesy product with the same texture as the real thing, scientists need to study a variety of physical attributes such as the melting, stretching, and oil-release upon grilling and heating.

"The behavior of milk proteins and meat proteins is reasonably well understood, but knowledge about the functionality of plant proteins is lacking," Marangoni said. "There is also a huge variety of different plant proteins, each one very different from one another."

Previous research concluded that a blend of 25% coconut oil, 75% sunflower oil, and pea protein created a desirable cheese texture. In this research, Marangoni and his team studied isolates from three proteins (lentil protein, faba bean protein, and a particular type of pea protein) and observed how the isolates interacted with the oil and with the starch matrix of the cheese alternative.

They found that increasing the coconut oil increased the hardness of cheeses, but cheese with pea protein and 25% coconut oil had the firmest texture due to their unique protein-fat interactions. This formulation matched or surpassed the melt, oil loss, and stretch of the cheese analogs made with 100% coconut oil.

Using a blend of sunflower and coconut oil decreased the saturated fat content of the cheese, creating a healthy and sustainable alternative to dairy cheeses and other plant-based cheeses.

"Ultimately we want to improve the nutrition, increase the protein content, and lower the saturated fat content of cheese alternatives," Marangoni said. "But keeping all the functionality in there, which includes the melt and the stretch of the 'cheese,' is very difficult."
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Uncurling a single DNA molecule and gluing it down helps sharpen images | ScienceDaily
Most microscopes can only illuminate objects down to a certain size before tiny features blur together. This blurring is known as the diffraction limit of light. Super-resolution imaging techniques, however, can distinguish between tiny biomolecular features, especially when thermal fluctuations are minimized.


						
Using advanced imaging techniques and precise microfluidics control to stretch out curly DNA into a straight line, research published this week in AIP Advances, from AIP Publishing, demonstrates techniques for stretching and immobilizing DNA with minimum thermal fluctuation to enable detailed analysis.

"Immobilizing the molecule essentially 'glues' it to a substrate, preventing any movement caused by thermal fluctuations," author Naoki Azuma said. "Super-resolution imaging often requires just seconds or minutes to capture the image. During this time, thermal fluctuations -- random vibrations caused by the molecule's thermal energy -- result in blurry images and decreased lateral resolution."

Researchers have previously tried sticking down one end of a DNA molecule to stretch it out, but found that the thermal fluctuations could still cause movement and blurring.

"Stretching DNA refers to the process of stretching a single DNA molecule, which is originally coiled in a random coil, into a straight line," Azuma said. "The length and structure of a single DNA molecule, its specific base sequence, and its interactions with proteins must be observed by stretching it for detailed analysis."

Azuma and his colleagues at Nagoya University experimented with ways to uncurl a DNA molecule using pressure applied to liquid flowing in a channel, with the pressure flow providing shear force that uncurled the DNA molecule. They found that controlling the flow velocity of the liquid helps fine-tune the shear force applied and allows precise adjustments of the stretch ratio of the DNA.

Controlling the stretch ratio was a key factor for accurate analysis. In the process, they also used a specialized chemical that creates chemical bonds between the DNA and a glass substrate to "glue" the DNA molecule in place.

"While it is not yet possible to directly visualize individual base pairs, these methods enable much higher precision in observing molecular-scale structures," Azuma said. "We aim to refine these methods to achieve higher fidelity in stretching and immobilizing DNA molecules for more accurate analysis."
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Green hydrogen: Big gaps between ambition and implementation | ScienceDaily
In recent years, more than 60 countries have developed strategies to stimulate the market ramp-up of hydrogen, particularly in the industrial sector. However, in 2023, less than ten percent of the originally announced green hydrogen production was realised, shows a new study published in the journal Nature Energy. The main reason: hydrogen remains expensive and there is little willingness to pay. Adrian Odenweller and Falko Ueckerdt from the Potsdam Institute for Climate Impact Research (PIK) determine this competitiveness gap for all 1232 globally announced hydrogen projects. They advocate for a robust political strategy that is based on realistic expectations for hydrogen and closes the implementation gap.


						
"Over the past three years, global project announcements for green hydrogen have almost tripled," says PIK researcher and lead author Adrian Odenweller. "However, only seven percent of the production capacity originally announced for 2023 has been completed on time during this period." According to the study, the recent problems with the market ramp-up of green hydrogen can be attributed to increased costs, a lack of willingness to pay on the demand side and uncertainties about future subsidies and regulation.

"Enormous additional subsidies of around one trillion US dollars would be required to realise all announced hydrogen projects by 2030," explains Falko Ueckerdt from PIK, "Green hydrogen will continue to have difficulties meeting the high expectations in the future due to a lack of competitiveness." However, permanent subsidies are not a solution. The two researchers therefore recommend using demand-side instruments such as binding quotas to channel green hydrogen specifically into sectors that are difficult to electrify, such as aviation, steel or chemicals. For example, according to an EU regulation, 1.2 percent of all aviation fuels must be blended with synthetic fuels based on hydrogen from 2030. This quota is set to rise to 35 percent by 2050.

Subsidy requirements far exceed announced global subsidies

In their study, the researchers quantify three key gaps between theory and practice: the past implementation gap, the future ambition gap and the future implementation gap. The first results from the difference between originally announced hydrogen projects and the projects actually realised in 2023. The ambition gap refers to the discrepancy between the amount of hydrogen that would be required by 2030 according to 1.5-degree scenarios and the projects currently announced by 2030. Although announced hydrogen projects are sufficient for the majority of the scenarios analysed, a wide implementation gap remains: The subsidies required to realise all projects by 2030 far exceed the global public financial support announced to date.

The study is based on a global and manually verified project database with 1232 green hydrogen projects announced until 2030. For each of the 14 designated end uses of the projects, the authors calculate the competitiveness gap between the green product and its fossil competitor. Together with the volume and the timing of the project announcements, this yields the subsidies required to realise all projects by 2030.

The researchers warn against fossil lock-ins, which could tie companies to fossil fuels and thus endanger climate targets. In the long term, a transition to technology-neutral market mechanisms such as carbon pricing is crucial in order to limit public costs and ensure a level playing field with other climate mitigation options. They therefore recommend a robust strategy that supports hydrogen projects in the short term through direct subsidies and demand-side regulation, but is based on realistic expectations for hydrogen.
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World's oldest 3D map discovered | ScienceDaily
Researchers have discovered what may be the world's oldest three-dimensional map, located within a quartzitic sandstone megaclast in the Paris Basin.


						
The Segognole 3 rock shelter, known since the 1980s for its artistic engravings of two horses in a Late Palaeolithic style on either side of a female pubic figuration, has now been revealed to contain a miniature representation of the surrounding landscape.

Dr Anthony Milnes from the University of Adelaide's School of Physics, Chemistry and Earth Sciences, participated in the research led by Dr Medard Thiry from the Mines Paris -- PSL Centre of Geosciences.

Dr Thiry's earlier research, following his first visit to the site in 2017, established that Palaeolithic people had "worked" the sandstone in a way that mirrored the female form, and opened fractures for infiltrating water into the sandstone that nourished an outflow at the base of the pelvic triangle.

New research suggests that part of the floor of the sandstone shelter which was shaped and adapted by Palaeolithic people around 13,000 years ago was modelled to reflect the region's natural water flows and geomorphological features.

"What we've described is not a map as we understand it today -- with distances, directions, and travel times -- but rather a three-dimensional miniature depicting the functioning of a landscape, with runoff from highlands into streams and rivers, the convergence of valleys, and the downstream formation of lakes and swamps," Dr Milnes explains.

"For Palaeolithic peoples, the direction of water flows and the recognition of landscape features were likely more important than modern concepts like distance and time.




"Our study demonstrates that human modifications to the hydraulic behaviour in and around the shelter extended to modelling natural water flows in the landscape in the region around the rock shelter. These are exceptional findings and clearly show the mental capacity, imagination and engineering capability of our distant ancestors."

Thanks to his extensive research on the origins of Fontainebleau sandstone, Dr Thiry recognised several fine-scale morphological features that could not have formed naturally, suggesting they were modified by early humans.

"Our research showed that Palaeolithic humans sculpted the sandstone to promote specific flow paths for infiltrating and directing rainwater which is something that had never been recognised by archaeologists," Thiry says.

"The fittings probably have a much deeper, mythical meaning, related to water. The two hydraulic installations -- that of the sexual figuration and that of the miniature landscape -- are two to three metres from each other and are sure to relay a profound meaning of conception of life and nature, which will never be accessible to us."

Milnes and Thiry's latest study, published in Oxford Journal of Archaeology, discovered the presence of three-dimensional modelling by closely examining fine-scale geomorphological features.

"This completely new discovery offers a better understanding and insight into the capacity of these early humans," Thiry says.




Before this discovery, the oldest known three-dimensional map was understood to be a large portable rock slab engraved by people of the Bronze Age around 3000 years ago. This map depicted a local river network and earth mounds, reflecting a more modern map concept used for navigation.

Dr Milnes says that collaborating across disciplines -- such as archaeology, geology and geomorphology -- is vital in science.

"We believe the most productive research outcomes are found at the boundaries between disciplines," Dr Milnes says.

"Re-evaluating field studies and conducting frequent site visits are important. It's clear from our ongoing project that insights and interpretations do not appear immediately but emerge through new observations and interdisciplinary discussions," Dr Thiry suggests.
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Researchers develop breakthrough one-step flame retardant for cotton textiles | ScienceDaily
Although extremely flammable, cotton is one of the most commonly used textiles due to its comfort and breathable nature. However, in a single step, researchers from Texas A&M University can reduce the flammability of cotton using a polyelectrolyte complex coating. The coating can be tailored for various textiles, such as clothing or upholstery, and scaled using the common pad-dry coating process, which is suitable for industrial applications. This technology can help to save property and lives on a large scale.


						
"Many of the materials in our day-to-day lives are flammable, and offering a solution to protect from fire benignly is difficult," said Maya D. Montemayor, a graduate student in the Department of Chemistry at Texas A&M and the publication's lead author. "This technology can be optimized to quickly, easily, and safely flame retard many flammable materials, offering vast protection in everyday life, saving money and lives of the general population."

Current studies developing flame retardant coatings deposited via polyelectrolyte complexation require two or more steps, increasing the time and cost to coat a material effectively.

In contrast, this study recently published in ACS Applied Polymer Materials hopes to achieve the same results using only one step. The researchers address this issue by incorporating a volatile base, a molecule that evaporates under ambient conditions. Using ammonia as the volatile base, the base evaporates to reduce the pH and induce complexation (a chemical reaction that forms a stable complex) on the cotton's surface. Until now, this technique has been proposed but never used to prepare a flame-retardant treatment.

This research can be utilized to deposit polyelectrolyte-based flame-retardant coatings in a scalable and efficient manner. Other positive attributes of the technology include that it is aqueous (water-based) and non-toxic, unlike many other flame-retardant treatments.

The researchers will continue evaluating this technology in partnership with companies in hopes of using their findings to protect wood, fabric, foam and other textiles.

"This cutting-edge research offers Texas A&M recognition as one of the leaders of this technology and the opportunity for further development with external companies," said Dr. Jaime Grunlan, Leland T. Jordan '29 Chair Professor in the J. Mike Walker '66 Department of Mechanical Engineering at Texas A&M. "The scope of this research positively impacts our community by improving our safety in an environmentally benign manner. TEES is licensing this and similar technologies to companies for various applications."

Other contributors to the findings include Texas A&M graduate students Danixa Rodriguez-Melendez, Dallin L. Smith, Natalie A. Vest and Bethany Palen, and Texas A&M undergraduate students Edward Chang and Alexandra V. Moran.

Funding for this research is administered by the Texas A&M Engineering Experiment Station (TEES), the official research agency for Texas A&M Engineering.
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Need for standardized measurement methods in gene therapy | ScienceDaily
In a finding with implications for one of the most promising cutting-edge medical treatments, researchers evaluated several measurement techniques commonly used in gene therapy. The study determined that one of the most popular techniques was "problematic" and requires further development and standardization.


						
In gene therapy, a person's faulty genes are either replaced or modified to treat or prevent disease. With roughly two dozen products on the market and hundreds of clinical trials in progress or planned, the treatment is hailed as a revolutionary method for targeting the root genetic causes of diseases ranging from sickle cell to cancer.

Some gene therapy treatments use modified adeno-associated viruses (AAVs) to deliver therapeutic genetic material into a patient's cells. These AAVs are engineered to target specific cell types. Then their infectious genetic material is replaced with the therapeutic genetic material, and they are administered to the patient.

Correctly measuring AAV vectors, as they are called, is critical to their safety and efficacy.

In a recently released study, researchers at the National Institute of Standards and Technology, the National Institute for Innovation in Manufacturing Biopharmaceuticals (NIIMBL), and the U.S. Pharmacopeia (USP) recruited six industry labs in the United States and Europe to measure sample AAV vectors.

The labs were asked to quantify the concentration of genetic material and viral particles in the vectors. They used four measurement techniques and reported their results back to the study's authors.

Of the four measurement methods deployed, polymerase chain reaction-enzyme-linked immunosorbent assay (PCR-ELISA) had the lowest accuracy and precision. By accuracy, researchers mean how close the measurement is to the correct value. Precision refers to whether the method produces consistently similar results.




PCR-ELISA's imprecision led the study's authors to conclude that the method had "poor reproducibility." Its results could not be reliably replicated both within the same lab and at different labs.

The method "should not be used for quantitative [measurements of AAV vectors] without further method development and harmonization," they added.

PCR-ELISA is actually two separate tools combined into one. PCR is used to quantify genetic material, and ELISA measures the proteins that make up the viral shell. Both tests have been around for decades, and there are dozens of versions of each currently sold on the market.

As a result, there are subtle but important differences in the ways PCR-ELISA is manufactured and used, NIST chemical engineer Wyatt N. Vreeland said. Everyone may think they are doing the same thing when conducting a PCR-ELISA test, he said, but they often aren't.

"It's like a recipe for the same chocolate cake," said Vreeland, who was the principal investigator on the study. "You can give someone the same ingredients, but when you use different equipment to make them or bake them in different ovens, the cakes don't turn out the same."

Here's what the study found about the other three methods:
    	SEC-MALS (size exclusion chromatography with multi-angle light scattering and tandem UV/Vis and/or refractive index) was the most accurate and precise of the methods tested.
    	SV-AUC (sedimentation velocity-analytical ultracentrifugation) with UV/Vis and/or Rayleigh interference optics was less accurate and precise than SEC-MALS, which surprised the researchers since SV-AUC is considered the "gold standard" for AAV vector measurement. However, SV-AUC was better than SEC-MALS in creating a detailed "map" of the distribution of the genetic and viral particles in the AAV vector. The study suggested that "SEC-MALS could be implemented as a general method with [SV-AUC] being used for more complete analysis as necessary."
    	A260/A280 dual wavelength ultraviolet spectrophotometry, which measures the absorption of ultraviolet light by a sample, has significant limitations compared with other methods. It cannot distinguish between partially filled or overfilled AAV vectors. Additionally, AAV protein particles are too large for the equipment to handle without producing errors. These issues with spectrophotometry are well documented, and the technique is generally not relied upon for highly accurate measurements.

The study did not draw conclusions about past, ongoing or future gene therapy research that relied upon these methods for measuring AAV vectors. It also did not make any policy or regulatory recommendations.

In future work, researchers at NIST, USP and NIIMBL, a NIST-supported public-private partnership to support biopharmaceutical manufacturing, plan to develop standard operating procedures (SOPs) for the SV-AUC. SOPs are a detailed, written set of instructions for a specific technology or methodology. The scientists believe having widely accepted SOPs for SV-AUC will improve its reproducibility performance to the same level as that of SEC-MALS, for which there are already SOPs.

"All the different methods we tested have their limitations and uncertainties," said Vreeland. "What's important is that you understand what your measurement technique can and cannot tell you."
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Wind turbines impair the access of bats to water bodies in agricultural landscapes | ScienceDaily
Bats depend on open bodies of water such as small ponds and lakes for foraging and drinking. Access to water is particularly important for survival in the increasingly hot and dry summers caused by climate change, the time when female bats are pregnant and rear their young. A scientific team from the Leibniz Institute for Zoo and Wildlife Research (Leibniz-IZW) has now shown that access to drinking sites is hampered by wind turbines in agricultural landscapes: Many bat species avoid the turbines and water bodies located close to the turbines for several kilometres. These results have been published in the scientific journal Biological Conservation. 


						
In order to counteract climate change, many countries are investing in the expansion of wind energy production in order to reduce greenhouse gases such as CO2 through renewable electricity. However, the expansion of wind power production may also have negative consequences for wildlife and their habitats. This can potentially lead to some wildlife species being less able to cope with global warming. Prof Dr Christian Voigt and Dr Carolin Scholz from the Leibniz-IZW and Hannah Klein from the University of Potsdam showed in a scientific investigation of the acoustic activity of bats in agricultural landscapes that many bat species are displaced by wind turbines near smaller bodies of water. They analysed the spatial behaviour of bats belonging to the three functional guilds of open space foraging bats (that hunt above fields or the canopy of forests), narrow space foraging bats (that hunt in dense vegetations, for example below the forest canopy) and edge space foraging bats (that are specialised in foraging in transition zones such as forest edges). "We were able to clearly recognise that those bats which specialized to forage in the open space and in dense vegetation avoided water bodies when wind turbines were located near them," says Voigt. "Only species of the guild of edge space foraging bats are apparently not driven away from the water sites by the wind turbines."

The scientists placed acoustic detectors at a total of 59 small ponds that are permanently filled with water at distances of around 50 to 5,000 metres from wind turbines in northern Brandenburg, a federal state in Eastern Germany. Owing to its glacial history, the study area has more than a thousand of these small ponds, called kettle holes, kettle lakes or pothole lakes, which fulfil important ecological functions even in the intensively used agricultural landscape. "During the reproductive season in July, we measured the acoustic activity of bats at bodies of water at different distances from wind turbines. We paid attention to compare the data for similar conditions, such as a lack of rain and moderate winds," explains Scholz. "In July, the lactation period of female bats slowly comes to an end and the young are weaned from the nursery roosts, which is an energetically strenuous phase for female bats. In addition, many waterholes dry up in midsummer, which is why the bats may be more dependent on small bodies of water that contain water all year round."

The team identified a total of almost 8,400 calls of different bat species in the three bat guilds of open space hunters, narrow space hunters and edge spacer foragers. "With increasing proximity to wind turbines, the activity of open space foraging bats at water bodies decreased by 53 percent and the activity of bat species adapted to hunting in narrow vegetation decreased by 63 percent," the authors summarise. The same picture was revealed when analysing the foraging behaviour that can be identified by the acoustic detectors: It decreased by 87 and 76 percent respectively as the distance to a wind turbine decreased from 5 kilometres to virtually zero.

"There is a certain tragedy in these results, because a measure to mitigate climate change has the unfortunate side effect that certain bats are less able to cope with hot and dry summers if they are displaced from their habitats by wind turbines," says Voigt. "This emphasises once again how important it is to carefully consider the siting of wind turbines so as not to play off different objectives against each other. Habitats that are very important for species conservation should be given low priority or entirely excluded as sites for wind energy production."

The bat species studied include the common pipistrelle (Pipistrellus pipistrellus), the soprano pipistrelle (Pipistrellus pygmaeus) and the western barbastelle (Barbastella barbastellus) as representatives of edge space foraging bats, species of the genera noctule bats (Nyctalus), house bats (Eptesicus) and vesper bats (Vespertilio) as representatives of open space foraging bats, and species of the genus mouse-eared bats (Myotis) and long-eared bats (Plecotus) as representatives of narrow space foraging bats.

Bats are protected species under German nature conservation law and EU law and should also be specially protected as migratory species. This protection is conflicting with the expansion of wind energy production, because there are a significant number of direct fatalities at the turbines and the habitats of bats are impaired in many ways. Voigt's team at the IZW has been conducting research into this "'green-green conflict" between wind power expansion and bat conservation for many years.
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A 'volume dial' for missed signals produced by our bodies | ScienceDaily
An unplugged electric instrument may function, but it sounds much better when it is connected to an amplifier. Similarly, toxins and other small molecules at low concentrations in the environment or human body may emit quiet signals that are undetectable without specialized lab technology.


						
Now, thanks to a "cool trick in biochemistry" used to adapt a sensing platform already being deployed by Northwestern scientists to measure toxins in drinking water, researchers can detect and even measure chemicals at low enough concentrations to have use outside the lab. By attaching circuitry akin to a volume knob to "turn up" weak signals, the team opened the door for the system to be applied to disease detection and monitoring in the human body for nucleic acids like DNA and RNA, as well as bacteria such as E. coli.

The results, which describe a system that is 10 times more sensitive than previous cell-free sensors built by the team, were published today (Jan. 13) in the journal Nature Chemical Biology.

"Biosensors repurposed from nature can, in principle, detect a whole spectrum of contaminants and human health markers, though they're often not sensitive enough as is," said corresponding author and Northwestern synthetic biologist Julius Lucks. "By adding genetic circuitry that acts like an amplifier, we can make this biosensing platform meet sensitivity levels needed for application in environmental and human health monitoring."

Lucks is a professor of chemical and biological engineering at Northwestern's McCormick School of Engineering and a co-director of the Center for Synthetic Biology.

Engineering a 'pregnancy test for water'

ROSALIND's original model could sense 17 different contaminants in a single drop of water, glowing green when a contaminant exceeded the U.S. Environmental Protection Agency's standards. A second model enabled the platform to compute different concentrations of contaminants, creating something more sophisticated than a "pregnancy test for water."

Lucks and his team used an approach called cell-free synthetic biology to create ROSALIND, in which molecular machinery -- like DNA, RNA and proteins -- is removed from cells and then reprogrammed to perform new tasks.




A useful bug in the system

Synthetic biologists working with DNA and RNA often run into an unhelpful nemesis called T7 RNA polymerase enzyme, which Lucks compares to the radio battery for its role in pumping out output signals. For most, the enzyme can also act like a bug in the system, munching up snippets of RNA that it is not supposed to and wreaking havoc on nucleic acid circuits. But Lucks wondered if it could be used to their advantage.

Lucks uses the history of the transistor radio to explain advances in the sensing platform built by his team, which is called ROSALIND (named after famous chemist Rosalind Franklin and short for "RNA output sensors activated by ligand induction").

"You could build the first transistor radio in your Electronics 101 class, and it gets a radio signal, but it has all sorts of problems," Lucks said. "If you walk behind a tree, you will lose signal, and if you walk closer to the source, it will get louder. In future generations of that radio, they added additional electronic circuitry to control for and correct those things. This iteration is basically adding a volume knob to the radio."

With a signal amplification trick from DNA nanotechnology that allows a circuit to recycle and replay its input, the researchers found a method to boost an input molecule's signal. When a signal is generated, the "bug" eats and recycles it, generating another signal. The result allowed the team to detect molecules -- like antibiotics and heavy metals -- at a fraction of the concentration as previous iterations.

"We created a new system to amplify signals in ROSALIND," said first author Jenni Li, a Ph.D. candidate in the Lucks lab. "Due to a cool trick in biochemistry, this lets us sensitize the system to detect compounds at lower levels without changing the actual biosensor protein. This is all done in nucleic acid 'circuits.' ROSALIND 3.0 is now more sensitive and can detect nucleic acids when it could previously only detect small molecule compounds."

ROSALIND at work




Previous iterations of ROSALIND are already deployed in real-world settings, for example, in an ongoing field study in the Chicago area detecting lead in drinking water. According to Lucks, new elements of the team's "3.0" model can be easily applied to this and other projects.

"We are also developing ROSALIND to detect human health markers, food quality markers and agricultural compounds, opening up what this platform technology can be used for," Lucks said. "This new sensitization approach is general, meaning that we will more quickly be able to develop sensors that can detect compounds at actionable levels in the future."

Work was supported by the National Institutes of Health training grant (T32GM008449) through Northwestern's Biotechnology Training Program, the National Science Foundation Synthesizing Biology Across Scales training program (2021900), and Northwestern's Graduate School Cluster in Biotechnology, System and Synthetic Biology. Additional support comes from Army Contracting Command (W52P1J-21-9-3023), the Defense Advanced Research Projects Agency (DARPA) (N660012324041) and the National Science Foundation (2310382).

Northwestern startup company Stemloop is commercializing the ROSALIND technology. Lucks has financial interests in and affiliations with Stemloop. Northwestern has financial interests (equity, royalties) in Stemloop.
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Polygamy is (not) for the birds | ScienceDaily
Researchers at Rice University have uncovered new insights into the evolution of bird behavior, revealing why certain mating systems persist while others disappear over time. In a recent paper published in the journal Evolution, Rafael S. Marcondes and Nicolette Douvas reveal that lekking -- a mating system where males display for females without forming lasting bonds -- is an evolutionarily stable strategy. In contrast, resource-defense polygamy, where one sex -- usually but not always the male -- guards territories to attract mates, is highly unstable and often reverts to monogamy.


						
"This research not only examines how mating behaviors influence species survival but also sheds light on larger evolutionary questions," said Marcondes, the corresponding author and a faculty fellow in ecology and evolutionary biology at Rice. "By studying birds, we're uncovering principles that may resonate across other species too."

The study analyzed data from more than 60% of the world's bird species -- approximately 6,620 species -- making it one of the most comprehensive analyses of its kind.

Marcondes and Douvas employed a detailed methodology to explore the evolution of bird mating systems. Species sampling and classification were based on data from authoritative sources like the "Handbook of Birds of the World." Bird species were categorized into three mating systems -- monogamy (strong and durable sociosexual bonds), resource-defense polygamy (weak and transient bonds) and lekking (absence of social bonds). The certainty and detail of these classifications were rated on a scale of 1 to 3. Marcondes said the rating scale was an important and novel aspect of the study, because while there is a lot of published information on animal behavior, it is often scattered and reported in a haphazard way.

"We were some of the first researchers to try to systematize that scattered information and use it at a large scale," Marcondes said.

To analyze evolutionary dynamics, they used large family trees of species and applied stochastic character mapping to address missing data. They further leveraged sophisticated evolutionary models to investigate diversification dynamics and transitions between mating systems. The researchers then modeled diversification rates to uncover correlations between mating systems and extinction/speciation rates and assessed whether transitions between systems followed predictable evolutionary pathways.

The study uncovered several key findings about the evolution of bird mating systems. Lekking, characterized by elaborate male displays and selective female mate choice, was found to be remarkably stable and rarely evolves into other systems, often directly developing from monogamy rather than passing through intermediate stages of polygamy. In contrast, resource-defense polygamy was identified as fragile, frequently reverting to monogamy and associated with higher extinction rates likely due to challenges in optimizing parental care under this system. Monogamy, practiced by most bird species, was shown to be the most evolutionarily resilient system, providing strong sociosexual bonds that support parental investment and species survival.

"This study bridges the gap between ecological and macroevolutionary perspectives," Marcondes said. "It shows how environmental pressures, mating behaviors and lineage diversification are intertwined over millions of years."

Douvas, a senior premed student majoring in humanities, reflected on the study's impact -- both on her academic journey at Rice and on the particular field of study.

"Through statistical analysis and evolutionary modeling, we uncovered surprising insights into the stability of lek mating behavior, a topic that had received little prior attention," Douvas said. "One of the most fascinating discoveries was that lekking behavior originated from monogamy, challenging my initial assumption that it evolved from polygamy. This research not only expanded my understanding of animal behavior but also provided a richer perspective on the intricacies of evolutionary patterns. It has been an incredible opportunity to engage in interdisciplinary research, broadening my academic experience far beyond the traditional focus of premed studies."
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Atop the Oregon Cascades, team finds a huge buried aquifer | ScienceDaily
Oregon's Cascade Range mountains might not hold gold, but they store another precious resource in abundance: water.


						
Scientists from the University of Oregon and their partners have mapped the amount of water stored beneath volcanic rocks at the crest of the central Oregon Cascades and found an aquifer many times larger than previously estimated -- at least 81 cubic kilometers.

That's almost three times the maximum capacity of Lake Mead, the currently overdrawn reservoir along the Colorado River that supplies water to California, Arizona and Nevada, and greater than half the volume of Lake Tahoe.

The finding has implications for the way scientists and policymakers think about water in the region -- an increasingly urgent issue across the Western United States as climate change reduces snowpack, intensifies drought and strains limited resources.

It also shapes our understanding of volcanic hazards in the area. Magma interacting with lots of water often leads to explosive eruptions that blast ash and gas into the air, rather than eruptions with slower-moving lava flows.

"It is a continental-size lake stored in the rocks at the top of the mountains, like a big water tower," said Leif Karlstrom, a UO earth scientist who led the study alongside collaborators from Oregon State University, Fort Lewis College, Duke University, the University of Wisconsin, the U.S. Forest Service and the U.S. Geological Survey.

"That there are similar large volcanic aquifers north of the Columbia Gorge and near Mount Shasta likely make the Cascade Range the largest aquifer of its kind in the world."

The team reported the findings in a paper published Jan. 13 in the journal Proceedings of the National Academy of Sciences.




Most Oregonians rely on water that originates from the Cascades. For example, the McKenzie River, which supplies most of Eugene's drinking water, begins high in the mountains at the spring-fed Clear Lake. But the discovery of this underground aquifer's size was a surprise.

"We initially set out to better understand how the Cascade landscape has evolved over time, and how water moves through it," said study co-author Gordon Grant, a geologist with the Forest Service. "But in conducting this basic research, we discovered important things that people care about: the incredible volume of water in active storage in the Cascades and also how the movement of water and the hazards posed by volcanoes are linked together."

The western Cascades are characterized by steep slopes and deep valleys carved out by rivers. The high Cascades, meanwhile, are flatter, dotted with lakes and volcanic topography such as lava flows. The Cascade Range has been built up by volcanic activity over millions of years, making the exposed rocks in the high Cascades much younger than those in the western Cascades.

As a result, the transition zone between the western Cascades and the high Cascades around Santiam Pass is a natural laboratory for understanding how volcanoes have shaped Oregon's landscape.

"What motivates our work is that it's not just how these landscapes look different topographically. It's that water moves through them in really different ways," Karlstrom said.

To better understand the flow of water through different volcanic zones, the team took advantage of projects begun in the 1980s and 90s. Past scientists had drilled deep into the ground and measured temperatures at different depths as part of the search for geothermal energy resources associated with the many hot springs that pepper the Cascades landscape.




Normally, rocks get hotter as you go deeper into the earth. But water percolating downward disrupts the temperature gradient, making rocks a kilometer deep the same temperature as rocks at the surface.

By analyzing where the temperature starts to pick up again in these deep drill holes, Karlstrom and his colleagues could infer how deeply groundwater was infiltrating through cracks in the volcanic rocks. That allowed them to map the volume of the aquifer.

Previous estimates of water availability in the Cascades took the springs at face value, measuring river and stream discharge. Instead, Karlstrom and his colleagues went deeper -- literally. But since those holes weren't originally drilled with the intent of mapping groundwater, they don't cover every area where one might like to collect such data. So the new estimate of the size of the aquifer is a lower bound, and the actual volume might be even bigger still.

While it's encouraging news that the aquifer is so much larger than previously believed, Karlstrom cautions that it's still a limited resource that must be carefully stewarded and needs further study.

"It is a big, active groundwater reservoir up there right now, but its longevity and resilience to change is set by the availability of recharging waters," he said.

The aquifer is largely replenished by snow, and snowpack in the high Cascades is expected to rapidly decrease in the coming decades. More precipitation is expected to fall as rain, which may impact the amount of recharge feeding the high Cascade aquifer. And while it's likely resilient to small year-to-year fluctuations, many years in a row of low rainfall or no snowpack would probably be a different story.

"This region has been handed a geological gift, but we really are only beginning to understand it," Grant said. "If we don't have any snow, or if we have a run of bad winters where we don't get any rain, what's that going to mean? Those are the key questions we're now having to focus on."

This research was supported by the National Science Foundation and the U.S. Forest Service.
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DNA nanorobots can alter artificial cells | ScienceDaily
Scientists at the University of Stuttgart have succeeded in controlling the structure and function of biological membranes with the help of "DNA origami." The system they developed may facilitate the transportation of large therapeutic loads into cells. This opens up a new way for the targeted administration of medication and other therapeutic interventions. Thus, a very valuable instrument can be added to the toolbox of synthetic biology. Prof. Laura Na Liu and her team published their findings in the journal Nature Materials.


						
The shape and morphology of a cell play a key role in the biological function. This corresponds to the principle of "form follows function," which is common in modern fields of design and architecture. The transfer of this principle to artificial cells is a challenge in synthetic biology. Advances in DNA nanotechnology now offer promising solutions. They allow the creation of novel transport channels that are large enough to facilitate the passage of therapeutic proteins across cell membranes. In this emerging field, scientists such as Prof. Laura Na Liu, Director of the 2nd Physics Institute at the University of Stuttgart and Fellow at the Max Planck Institute for Solid State Research (MPI-FKF), have developed an innovative tool for controlling the shape and permeability of lipid membranes in synthetic cells. These membranes are made up of lipid bilayers that enclose an aqueous compartment and serve as simplified models of biological membranes. They are useful for studying membrane dynamics, protein interactions, and lipid behavior.

A milestone in the application of DNA nanotechnology

This new tool may pave the way for the creation of functional synthetic cells. The scientific work of Laura Na Liu aims to significantly influence the research and development of new therapies. Liu and her team have succeeded in using signal-dependent DNA nanorobots to enable programmable interactions with synthetic cells. "This work is a milestone in the application of DNA nanotechnology to regulate cell behavior," Liu says. The team works with giant unilamellar vesicles (GUVs), which are simple, cell-sized structures that mimic living cells. Using DNA nanorobots, the researchers were able to influence the shape and functionality of these synthetic cells.

New transport channels for proteins and enzymes

DNA nanotechnology is one of Laura Na Liu's main research areas. She is an expert in DNA origami structures -- DNA strands that are folded by means of specifically designed shorter DNA sequences, so-called staples. The team of Liu used DNA origami structures as reconfigurable nanorobots that can reversibly change their shape and thereby influence their immediate environment in the micrometer range. The researchers found that the transformation of these DNA nanorobots can be coupled with the deformation of the GUVs and the formation of synthetic channels in the model GUV membranes. These channels allowed large molecules to pass through the membrane and can be resealed if necessary.

Fully artificial DNA structures for biological environments

"This means that we can use DNA nanorobots to design the shape and configuration of GUVs to enable the formation of transport channels in the membrane," says Prof. Stephan Nussberger, who is a co-author of this work. "It is extremely exciting that the functional mechanism of the DNA nanorobots on GUVs has no direct biological equivalent in living cells," adds Nussberger.




The new work raises new questions: Could synthetic platforms -- such as DNA nanorobots -- be designed with less complexity than their biological counterparts, which would nevertheless function in a biological environment?

Understanding disease mechanisms and improving therapies

The new study is an important step in this direction. The system of cross-membrane channels, created by DNA nanorobots, allows an efficient passage of certain molecules and substances into the cells. Most importantly, these channels are large and can be programmed to close when needed. When applied to living cells, this system can facilitate the transportation of therapeutic proteins or enzymes to their targets in the cell. It thus offers new possibilities for the administration of drugs and other therapeutic interventions. "Our approach opens up new possibilities to mimic the behavior of living cells. This progress could be crucial for future therapeutic strategies," says Prof. Hao Yan, one of the co-authors of this work.
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        From caring touch to cooperative communities
        An international research team concludes that gentle touch is not only good for mental health, but also for the evolution of cooperation.

      

      
        Calls to curb invasive species spread via untreated water transfer
        Experts are warning of the risks of spreading invasive and non-native species when moving large volumes of untreated lake, reservoir and river water.

      

      
        Small-scale fisheries essential to global nutrition, livelihoods
        Small-scale fisheries play a significant but overlooked role in global fisheries production and are key to addressing hunger and malnutrition while supporting livelihoods around the world, according to new research. The study rigorously quantified how marine and inland small-scale fisheries contribute to aquatic harvests and nutritional and socioeconomic security on a global scale.

      

      
        Ancient genomes reveal an Iron Age society centred on women
        A groundbreaking study finds evidence that land was inherited through the female line in Iron Age Britain, with husbands moving to live with their wife's community. This is believed to be the first time such a system has been documented in European prehistory.

      

      
        Floating solar panels could support US energy goals
        Federal reservoirs could help meet the country's solar energy needs, according to a new study. Geospatial scientists and senior legal and regulatory analyst quantified exactly how much energy could be generated from floating solar panel projects installed on federally owned or regulated reservoirs.

      

      
        Ecologist highlights critical gaps in global wildlife trade monitoring
        Using 22 years of LEMIS data, a recent study explores the dimensions of wildlife trade and obtain one of the most comprehensive overviews to date. The study reveals striking findings: between 2000 and 2022, the US traded almost 30,000 wild species and over 2.85 billion individuals, with over 50% of individuals from most taxa sourced directly from the wild. These findings are significant as the impact of trade on most of these species has never been assessed.

      

      
        Atop the Oregon Cascades, team finds a huge buried aquifer
        Scientists have mapped the amount of water stored beneath volcanic rocks at the crest of the central Oregon Cascades and found an aquifer many times larger than previously estimated -- at least 81 cubic kilometers. The finding has implications for the way scientists and policymakers think about water in the region -- an increasingly urgent issue across the Western United States as climate change reduces snowpack, intensifies drought and strains limited resources.

      

      
        Sodium-ion batteries need breakthroughs to compete
        A thorough analysis of market, technological, and supply chain outcomes for sodium-ion batteries finds that significant advances are needed before commercialization.

      

      
        Differences in strength by position among football players
        It's long been known that different positions on the football field fit different body types. A study led by the University of Kansas has gone beyond knowing that linemen are bigger with more body mass than receivers and tested a team of college football starters, finding differences in strength, power, jumping ability and more. The findings could help improve strength training designed to optimize performance for different types of players, researchers argue.

      

      
        Changes in opioid use outcomes after passage of medical marijuana laws
        A new study found no changes in opioid outcomes among the general population with the states' passage of medical and recreational marijuana laws. However, the findings also show decreases in opioid outcomes after medical marijuana laws existed among people reporting cannabis use.

      

      
        New research highlights trends in ADHD diagnoses
        New research identifies differing trends in attention-deficit/hyperactivity disorder (ADHD) diagnoses among adolescents and adults, including an increase among adults from 2020 to 2023. The study found a significant downward trends in ADHD incidence among adults from 2016 to 2020 and adolescents from 2016 to 2018. The ADHD incidence rate remained stable for adolescents in subsequent years.

      

      
        Immunotherapy against cancer: How therapeutic antibodies do their job
        A look at cancer cells: Thanks to an innovative method of super-resolution microscopy, researchers observed with molecular resolution in 3D how therapeutic antibodies attack and alter B cells, thereby inducing their destruction. Their research presents the new type of molecular 3D visualization of antibody-cell interactions. The visualization of the molecular interaction between antibody and tumor cell opens up new avenues for improved immunotherapies against cancer.

      

      
        Climate fee on food could effectively cut greenhouse gas emissions in agriculture while ensuring a social balance
        Greenhouse gas emissions in agriculture could be significantly reduced in a socially equitable way through a climate fee on food, combined with climate dividends. A new study suggests that pricing greenhouse gas-intensive foods could help meet climate targets for agriculture while generating over 8.2 billion Euros annually. If these funds were redistributed to households through a lump-sum compensation scheme, it would ease the financial burden on households, especially those with lower incomes a...

      

      
        Medicare rules may reduce prescription steering
        Researchers have found that pharmacy benefit managers (PBMs) -- organizations that negotiate access to medicines for most patients in the United States -- steer patients to use their own pharmacies. However, these pharmacies appear less used in Medicare than in other market segments. These PBMs are part of integrated health care conglomerates that own insurance companies and pharmacies, which may create conflicts of interest.

      

      
        Researchers find betrayal doesn't necessarily make someone less trustworthy if we benefit
        Both intuition and past research suggest that whether people deem someone trustworthy depends on that person's past behavior and reputation for betrayal. In a series of experiments, psychologists found that subjects regarded those who previously exhibited that behavior as less trustworthy. However, when the betrayal benefited them or had no effect on them, participants regarded the betrayer as trustworthy. This pattern was largely consistent across the types of relationships studied: friendships,...

      

      
        Is there really a mid-career crisis? Job satisfaction follows a U-shaped curve only among highly skilled workers, according to new study
        Contrary to the long-held belief that the mid-career crisis plagues everyone, new research suggests that job satisfaction follows a U-shaped trajectory only for managerial and professional workers. This provocative finding challenges societal perceptions surrounding midlife and calls for a revaluation of workplace support for individuals in their 40s and 50s.
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From caring touch to cooperative communities | ScienceDaily
The power of touch and social connections helps people to cope with an increasingly stressful world as indicated by a recent decline in mental health. Gentle, caring touch plays a significant role in strengthening interpersonal bonds and enhancing mental health. It is often referred to as affective or consoling touch, and has been linked to many health benefits including enhanced social connection and trust, stress and pain reduction, and better mental health. As a Konstanz-based researcher and his team observe, caring, gentle social touch can also play a significant role in the lives of animals and may even allow for the evolution of cooperation.


						
In a recently published study, an international research team, led by Michael Griesser from the University of Konstanz and its Cluster of Excellence "Collective Behaviour" and Miya Warrington from Oxford Brookes University synthesizes evidence from the animal kingdom to highlight the key role of touch in animals for the evolution and persistence of friendships and cooperation.

Griesser and Warrington noticed differences in the level of touch and cooperation between two wild bird species that they both study -- Apostlebirds in the Australian outback and Siberian jays in Swedish Lapland. They observed that the high-touch apostlebirds preen each other and cooperated in many contexts, including joint care of young, while Siberian jays do not preen each other and cooperate in few tasks. Teaming up with primatologists, Judith Burkart and Natalie Uomini at the University of Zurich, Switzerland, and African mammal physiologists, Nigel Bennett and Daniel Hart at the University of Pretoria, South Africa, they explored the common features of touch, hormones and cooperation between birds and mammals. Astoundingly, the joint investigation revealed that touch has a key role in forming and maintaining social bonds in general, directly affecting how animals cooperate.

The word "cooperation" is used for many behaviours where the involved individuals benefit, explains Warrington, "but, in fact, not all such behaviours are done out of kindness, or because we are bonded to the other individual. Actually, cooperative behaviours occur along a spectrum." For example, on one side of the spectrum there are animals, like impalas, that groom each other reciprocally, to remove the parasites off their necks that they can't reach themselves. Thus, this is a very transactional behaviour. On the other side of the spectrum, animals like marmosets, live in family groups and group members do everything together regardless of immediate direct benefits. Thus, marmosets are very prosocial in most aspects of their lives.

This spectrum of cooperation is not entirely unexpected, reflecting the great diversity in how and why species cooperate. "As we observe in Apostlebirds and Siberian jays, the diversity in cooperation has a link to the level of touching, but also touch sensitivity and the types of bonds in nature" explains Griesser. Indeed, this is seen in mole rats where asocial species have few touch receptors in their skin and are not touch sensitive while the opposite is the case in social mole rat species, for example the eusocial naked mole rat.

In social species, the caring touch offspring receive early on in life sets a dynamic in motion that continues into adulthood. Griesser and Warrington observe that, as a result, animals that grow up with close social bonds engage more likely in social cooperation, not only in the context of their families, but also with other adults, in partnerships and friendships as well as during their own parenthood.

Key facts:
    	The article "The power of caring touch: from survival to prosocial cooperation" was published in Journal Trends in Ecology and Evolution.
    	The article describes a link between caring touch -- especially during brood care -, sociality and social cooperation. The hormones oxytocin and vasotocin play an important role in the process.
    	Author Michael Griesser works at the Cluster of Excellence "Collective Behaviour" at the University of Konstanz and is an associated researcher at the Max Planck Institute of Animal Behavior.
    	Author Miyako H. Warrington researches at Oxford Brookes University, Oxford, UK.
    	Other contributors to the paper were Nigel C. Bennett (University of Pretoria, South Africa), Judith M. Burkart (University of Zurich, Switzerland), Daniel W. Hart (University of Pretoria, South Africa) and Natalie Uomini (University of Zurich, Switzerland).
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Calls to curb invasive species spread via untreated water transfer | ScienceDaily
Experts are warning of the risks of spreading invasive and non-native species when moving large volumes of untreated lake, reservoir and river water.


						
Development of cities and the demands of agriculture mean that huge volumes of untreated water from lakes, reservoirs and rivers are now routinely moved large distances, across countries, up to hundreds of miles, using pipelines, tunnels and water supply canals. Known as raw water transfers schemes, these projects are essential for human uses but risk moving not just water but also wildlife, spreading invasive and non-native species, such as zander fish and zebra mussels.

In a series of new papers, researchers from Newcastle University and the University of Stirling are now warning that invasive species can be moved between often unlinked waterbodies by the intentional transfer of water and call for action.

Publishing their findings in the journal Management of Biological Invasions, the experts highlight the need to add raw water transfers (RWTs) into co-ordinated surveillance and management plans to meet national and international targets on tackling invasive and non-native species, and recommend exploring options to improve RWT information access and stakeholder collaboration within the INNS management community.

They also call for increased awareness of the risks associated with RWTs and the spread of invasive and non-native species and say these actions will deliver additional benefits to support the conservation of freshwater biodiversity in a rapidly changing world.

How RWTs are managed varies between countries, but they are typically managed by private water companies, or local and central government. In England, the majority of RWTs are owned and managed by water companies. The Environment Agency (EA) also controls a number of RWTs.

The research team cites data showing 110 surface water transfers in England and Wales which can transfer between 45-150 million litres per day, around 43 of which cross one or more catchment boundary (39%).




Top biodiversity threat

Study lead author, Ava Waine, PhD researcher at Newcastle University's School of Natural and Environmental Sciences, said: "Invasive species are one of the top threats to biodiversity and the economy globally. Raw water transfers move invasive species around between different environments, but researchers in the invasion ecology field are only now becoming mindful of the extent of their impact, and industry and regulators aren't yet fully aware of the invasion risk or how to manage it.

"Recently, England, followed a few years later by Scotland, became the first country in the world to require that raw water transfers be managed to prevent invasive species spread.

"I have been working with Northumbrian Water to address the issues. The results highlight that raw water transfers are a virtually unknown mode of species spread, and some changes to national and international biodiversity policy is required so that researchers around the globe become more aware of the issue, and we have a better chance of solving the problem."

Study co-author, Dr Zarah Pattison, Senior Lecturer in Plant Sciences, University of Stirling, added: "This is a call to action. We need to take the risk of invasive and non-native species spread through raw water transfers seriously and invest in research to determine the severity of this risk for all taxonomic groups of species."

This research builds on a recently published study by the same team, in which the experts describe how RWTs are creating a pathway for the spread of freshwater invasive non-native species in countries worldwide. In the study, the team suggests modifying the corridor category in the Convention on Biological Diversity's pathway classification framework to include RWTs as a distinct sub-category. The authors argue this reclassification would improve understanding of RWTs, help manage their risks, and guide policy development to better address the spread of invasive and non-native species.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250115125044.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Small-scale fisheries essential to global nutrition, livelihoods | ScienceDaily
Small-scale fisheries play a significant but overlooked role in global fisheries production and are key to addressing hunger and malnutrition while supporting livelihoods around the world, according to research featured in the journal Nature. Published online on Jan. 15 by an international team of scientists, the study is the first to rigorously quantify how marine and inland small-scale fisheries contribute to aquatic harvests and nutritional and socioeconomic security on a global scale.


						
Although definitions vary, small-scale fisheries generally comprise households or communities, mostly in lower- to middle-income countries, that use lower-tech, more labor-intensive fishing techniques to fish for food or to earn money compared to large-scale fisheries. Historically, decision-makers have marginalized small-scale fisheries in resource management plans, food system analyses, and agricultural, nutritional and development policies, for various reasons. For example, census data usually groups small-scale fishers with agricultural workers.

"Millions of people who fish marine and inland waters have essentially been flying under the radar of science and policy. Ignoring their contributions and needs could be detrimental -- not just to fisherfolk, but to the environment and society as a whole," said co-lead author Xavier Basurto, who was the Bass Chair for Excellence in Teaching and Research at the Duke University Nicholas School of the Environment during the time of research.

"Our analysis shows that small-scale fisheries contribute almost half the catch across all fisheries. They have a critical role to play in meeting the food security and nutritional needs of billions of people," added co-lead author Nicolas L. Gutierrez, senior fishery officer for the Fisheries and Aquaculture Division of the Food and Agriculture Organization of the United Nations (FAO).

In 2017, FAO forged a unique partnership with the Nicholas School and the international research organization WorldFish to assess how small-scale fisheries fit into the U.N.'s Agenda for Sustainable Development, a blueprint for addressing global challenges such as hunger, poverty and gender inequality. The new study builds on a 2023 report published by the group, who call their collaboration the Illuminating Hidden Harvests Initiative (IHH).

"Our driving question was simple: Who produces aquatic foods, how and for whom?" said co-author Nicole Franz, who leads the Equitable Livelihoods Team in FAO's Fisheries and Aquaculture Division and had the initial idea for IHH. "Answering that question was more complicated, requiring a huge team of diverse experts in fields like fisheries science, nutrition, governance, gender and economics."

All told, more than 800 contributors from around the world worked on the new study. They collected and analyzed troves of data from case studies, surveys and databases for insight into the impact of small-scale fisheries on issues such as global catch, nutrition and employment.




The findings reveal that small-scale fisheries are integral to meeting Sustainable Development Goals related to reducing hunger, poverty and the impacts of climate change, and to enhancing aquatic conservation, women's rights and economic growth.

For example, catch from small-scale fisheries provides 20% of dietary intake across six essential nutrients -- including vitamins, minerals and omega-3 fatty acids -- to 2.3 billion people who live within 20 kilometers, or about 12 miles, of a coastline or large inland water body. In other words, about 1 in 4 people likely depends on small-scale fisheries to supply a substantial portion of several key nutrients.

In addition, almost 500 million people, or one in 12 individuals, are at least partially dependent on small-scale fishing for their livelihoods, a catchall term to describe the means used for meeting basic needs. Nearly half of those people are women -- an underrecognized demographic in fisheries research.

"Women participate in all aspects of fishing, from prep work, to catching fish, to processing activities such as cleaning fish. They're essential to these production systems that put food on the table for millions," said co-author John Virdin, director of the Ocean and Coastal Policy Program at Duke University's Nicholas Institute for Energy, Environment & Sustainability and a faculty member at the Nicholas School.

At least 40% of global catch comes from small-scale fisheries, the study found. Small-scale fisheries also contribute 44% of landed economic value, or money generated by fisheries globally.

Of all small-scale fisheries analyzed, African operations contribute most to global catch and nutrition. Meanwhile, small-scale fisheries in Oceania -- which includes nations in the South and Central Pacific Ocean -- play a major role in supporting livelihoods in the region.




"Our findings from Oceania help show just how important small-scale fishing is in countries where opportunities to make a living are more limited. In these cases, additional efforts for achieving effective fisheries management and governance to ensure the sustainability of the sub-sector are needed," Gutierrez said.

Despite their considerable societal contributions, many small-scale fishers do not have authority over their fisheries. Specifically, about two-thirds of catch from small-scale fisheries in 51 countries surveyed come from fishers with no formal rights to participate in resource management and decision-making processes, according to the study.

Lacking authority, small-scale fishers are vulnerable to external competition or exclusionary policies that could compromise the natural resources they rely on and their potential contributions to sustainable development.

"Often these fishers have been rooted in aquatic environments and communities for hundreds to thousands of years. The lack of appropriate support from local or national authorities often undermines local efforts to avoid free-for-all scenarios that can easily lead to overfishing," said Basurto, who is now on faculty at the Doerr School of Sustainability at Stanford University.

The study paves the way for additional policy action by governments and policymakers to best support small-scale fisheries and, by extension, environmental and global health.

"This study has started to quantify the impact of small-scale fisheries across the world and how they relate to important policy agendas on climate change, natural-resource management, governance, conservation, gender equity, social inclusion, diets and nutrition. By making those linkages explicit, I think our research has given policymakers a pathway to support small-scale fisheries," said co-author and WorldFish principal scientist Edward H. Allison.

The Norwegian Agency for Development Cooperation (NORAD) and the Swedish International Development Cooperation Agency (SIDA) provided funding to FAO; Duke University received funding from the Oak Foundation; and WorldFish received funding from the Consultative Group on International Agricultural Research (CGIAR) multi-donor trust fund grant through the Resilient Aquatic Food Systems Initiative.
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Ancient genomes reveal an Iron Age society centred on women | ScienceDaily
An international team of geneticists, led by those from Trinity College Dublin, has joined forces with archaeologists from Bournemouth University to decipher the structure of British Iron Age society, finding evidence of female political and social empowerment.


						
The researchers seized upon a rare opportunity to sequence DNA from many members of a single community. They retrieved over 50 ancient genomes from a set of burial grounds in Dorset, southern England, in use before and after the Roman Conquest of AD 43. The results revealed that this community was centred around bonds of female-line descent.

Dr Lara Cassidy, Assistant Professor in Trinity's Department of Genetics, led the study that has been published in leading international journal Nature today. She said: "This was the cemetery of a large kin group. We reconstructed a family tree with many different branches and found most members traced their maternal lineage back to a single woman, who would have lived centuries before. In contrast, relationships through the father's line were almost absent.

"This tells us that husbands moved to join their wives' communities upon marriage, with land potentially passed down through the female line. This is the first time this type of system has been documented in European prehistory and it predicts female social and political empowerment.

"It's relatively rare in modern societies, but this might not always have been the case."

Incredibly, the team found that this type of social organisation, termed "matrilocality," was not just restricted to Dorset. They sifted through data from prior genetic surveys of Iron Age Britain and, although sample numbers from other cemeteries were smaller, they saw the same pattern emerge again and again.

Dan Bradley, Professor of Population Genetics in Trinity's Department of Genetics, and a co-author of the study, added: "Across Britain we saw cemeteries where most individuals were maternally descended from a small set of female ancestors. In Yorkshire, for example, one dominant matriline had been established before 400 BC. To our surprise, this was a widespread phenomenon with deep roots on the island."

Iron Age cemeteries with well-preserved burials are rare in Britain. Dorset is an exception, due to the unique burial customs of the people who lived there, named as the "Durotriges" by the Romans. The researchers sampled DNA from a site near the village of Winterborne Kingston, nicknamed "Duropolis," which archaeologists from Bournemouth University have been excavating since 2009. Previously, the team had observed the more richly furnished Durotrigan burials to be those of women.




Dr Miles Russell, the excavation's director and co-author on the study, commented: "Beyond archaeology, knowledge of Iron Age Britain has come primarily from the Greek and Roman writers, but they are not always considered the most trustworthy. That said, their commentary on British women is remarkable in light of these findings. When the Romans arrived, they were astonished to find women occupying positions of power. Two of the earliest recorded rulers were queens -- Boudica and Cartimandua -- who commanded armies.

"It's been suggested that the Romans exaggerated the liberties of British women to paint a picture of an untamed society. But archaeology, and now genetics, implies women were influential in many spheres of Iron Age life. Indeed, it is possible that maternal ancestry was the primary shaper of group identities."

Anthropologist Dr Martin Smith, one of the project's bone specialists, added: "These results give us a whole new way of looking at the burials we are uncovering with our students. Rather than simply seeing a set of skeletons, hidden aspects of these people's lives and identities come into view as mothers, husbands, daughters and so on. We also see these folk had deep knowledge of their own ancestry -- multiple marriages between distant branches of this family occurred and were possibly favoured, but close inbreeding was avoided."

Echoing the writings of Julius Caesar, the researchers further uncovered a footprint of Iron Age migration into coastal southern England, which had gone undetected in prior genetic studies. This will add more fuel to debates surrounding the arrival of Celtic language in Britain.

Dr Cassidy explained: "Migration into Britain during the later Bronze Age has previously been detected, leading some to hypothesise that Celtic language arrived during this period. But our results point towards substantial cross-channel mobility during the Iron Age as well. Narrowing down the arrival time of Celtic will be difficult. Indeed, it is quite possible that Celtic languages were introduced to Britain on more than one occasion."
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Floating solar panels could support US energy goals | ScienceDaily
Federal reservoirs could help meet the country's solar energy needs, according to a new study published in Solar Energy.


						
For the study, Evan Rosenlieb and Marie Rivers, geospatial scientists at the U.S. Department of Energy National Renewable Energy Laboratory (NREL), as well as Aaron Levine, a senior legal and regulatory analyst at NREL, quantified for the first time exactly how much energy could be generated from floating solar panel projects installed on federally owned or regulated reservoirs. (Developers can find specific details for each reservoir on the website AquaPV.)

And the potential is surprisingly large: Reservoirs could host enough floating solar panels to generate up to 1,476 terawatt hours, or enough energy to power approximately 100 million homes a year.

"That's a technical potential," Rosenlieb said, meaning the maximum amount of energy that could be generated if each reservoir held as many floating solar panels as possible. "We know we're not going to be able to develop all of this. But even if you could develop 10% of what we identified, that would go a long way."

Levine and Rosenlieb have yet to consider how human and wildlife activities might impact floating solar energy development on specific reservoirs. But they plan to address this limitation in future work.

This study provides far more accurate data on floating solar power's potential in the United States. And that accuracy could help developers more easily plan projects on U.S. reservoirs and help researchers better assess how these technologies fit into the country's broader energy goals.

Floating solar panels, also known as floating PV, come with many benefits: Not only do these buoyed power plants generate electricity, but they do so without competing for limited land. They also shade and cool bodies of water, which helps prevent evaporation and conserves valuable water supplies.




"But we haven't seen any large-scale installations, like at a large reservoir," Levine said. "In the United States, we don't have a single project over 10 megawatts."

Previous studies have tried to quantify how much energy the country could generate from floating solar panels. But Levine and Rosenlieb are the first to consider which water sources have the right conditions to support these kinds of power plants.

In some reservoirs, for example, shipping traffic causes wakes that could damage the mooring lines or impact the float infrastructure. Others get too cold, are too shallow, or have sloping bottoms that are too steep to secure solar panels in place.

And yet, some hydropower reservoirs could be ideal locations for floating solar power plants. A hybrid energy system that relies on both solar energy and hydropower could provide more reliable and resilient energy to the power grid. If, for example, a drought depletes a hydropower facility's reservoir, solar panels could generate energy while the facility pauses to allow the water to replenish.

And, to build new pumped storage hydropower projects -- which pump water from one reservoir to another at a higher elevation to store and generate energy as needed -- some developers create entirely new bodies of water. These new reservoirs are disconnected from naturally flowing rivers, and no human or animal depends on them for recreation, habitat, or food (at least not yet).

In the future, the researchers plan to review which locations are close to transmission lines or electricity demand, how much development might cost at specific sites, whether a site should be avoided to protect the local environment, and how developers can navigate state and federal regulations. The team would also like to evaluate even more potential locations, including other, smaller reservoirs, estuaries, and even ocean sites.

The research was funded by the Solar Energy Technologies Office and the Water Power Technologies Office in DOE's Office of Energy Efficiency and Renewable Energy (EERE).
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Ecologist highlights critical gaps in global wildlife trade monitoring | ScienceDaily
Wildlife trade poses one of the greatest threats to the survival of numerous species. According to the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) at least 50,000 species are involved in trade. However, while this figure already seems huge, it risks overlooking less traditional sectors of wildlife trade, such as the pet or fashion trade. For instance, recent data shows that the number of butterflies traded exceeds the total number of terrestrial arthropods in the IPBES assessment. This raises a critical question: How many wild species are actually being traded globally?


						
This question remains hard to answer. While species classified as potentially endangered by trade may be monitored under the auspices of CITES, most wildlife trade is legal and falls outside the scope of any overarching international legislation or monitoring. One notable exception is in the United States, where the US Fish and Wildlife Service tracks traded wildlife through the Law Enforcement Management Information System (LEMIS).

Using 22 years of LEMIS data, a recent study led by Professor Alice C. HUGHES, Associate Professor of the School of Biological Sciences, The University of Hong Kong (HKU), in collaboration with international researchers, explores the dimensions of wildlife trade and obtain one of the most comprehensive overviews to date. Published in Proceedings of the National Academy of Sciences (PNAS), the study reveals striking findings: between 2000 and 2022, the US traded almost 30,000 wild species and over 2.85 billion individuals, with over 50% of individuals from most taxa sourced directly from the wild. These findings are significant as the impact of trade on most of these species has never been assessed.

While the US provides detailed records of traded species, comparable data is lacking in most other countries. For most species in trade, we lack data on offtake or wild population size, making it impossible to assess the sustainability of the trade. However, in cases where assessments have been made, the majority of populations subjected to harvesting have shown declines.

This paper highlights the true scale and diversity of legal wildlife trade. Remarkably, less than 0.01% of the wildlife trade recorded in the US was illegal, meaning that these billions of individuals are not only traded legally, but for most taxa the majority come from the wild. The research also highlights how little we genuinely know about what makes up wildlife trade globally. The lack of systematic monitoring not only hinders our ability to understand or monitor trade but also precludes any opportunity of manage it sustainably.

The study advances our understanding of wildlife trade, and the codes developed will facilitate the standardisation and analysis of further trade data. With the second part of CBD-COP16 scheduled for February 2025, it is hoped this paper highlights the importance of evaluating how wildlife trade data is recorded and shared, and encourages effort toward more comparable global datasets.
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Atop the Oregon Cascades, team finds a huge buried aquifer | ScienceDaily
Oregon's Cascade Range mountains might not hold gold, but they store another precious resource in abundance: water.


						
Scientists from the University of Oregon and their partners have mapped the amount of water stored beneath volcanic rocks at the crest of the central Oregon Cascades and found an aquifer many times larger than previously estimated -- at least 81 cubic kilometers.

That's almost three times the maximum capacity of Lake Mead, the currently overdrawn reservoir along the Colorado River that supplies water to California, Arizona and Nevada, and greater than half the volume of Lake Tahoe.

The finding has implications for the way scientists and policymakers think about water in the region -- an increasingly urgent issue across the Western United States as climate change reduces snowpack, intensifies drought and strains limited resources.

It also shapes our understanding of volcanic hazards in the area. Magma interacting with lots of water often leads to explosive eruptions that blast ash and gas into the air, rather than eruptions with slower-moving lava flows.

"It is a continental-size lake stored in the rocks at the top of the mountains, like a big water tower," said Leif Karlstrom, a UO earth scientist who led the study alongside collaborators from Oregon State University, Fort Lewis College, Duke University, the University of Wisconsin, the U.S. Forest Service and the U.S. Geological Survey.

"That there are similar large volcanic aquifers north of the Columbia Gorge and near Mount Shasta likely make the Cascade Range the largest aquifer of its kind in the world."

The team reported the findings in a paper published Jan. 13 in the journal Proceedings of the National Academy of Sciences.




Most Oregonians rely on water that originates from the Cascades. For example, the McKenzie River, which supplies most of Eugene's drinking water, begins high in the mountains at the spring-fed Clear Lake. But the discovery of this underground aquifer's size was a surprise.

"We initially set out to better understand how the Cascade landscape has evolved over time, and how water moves through it," said study co-author Gordon Grant, a geologist with the Forest Service. "But in conducting this basic research, we discovered important things that people care about: the incredible volume of water in active storage in the Cascades and also how the movement of water and the hazards posed by volcanoes are linked together."

The western Cascades are characterized by steep slopes and deep valleys carved out by rivers. The high Cascades, meanwhile, are flatter, dotted with lakes and volcanic topography such as lava flows. The Cascade Range has been built up by volcanic activity over millions of years, making the exposed rocks in the high Cascades much younger than those in the western Cascades.

As a result, the transition zone between the western Cascades and the high Cascades around Santiam Pass is a natural laboratory for understanding how volcanoes have shaped Oregon's landscape.

"What motivates our work is that it's not just how these landscapes look different topographically. It's that water moves through them in really different ways," Karlstrom said.

To better understand the flow of water through different volcanic zones, the team took advantage of projects begun in the 1980s and 90s. Past scientists had drilled deep into the ground and measured temperatures at different depths as part of the search for geothermal energy resources associated with the many hot springs that pepper the Cascades landscape.




Normally, rocks get hotter as you go deeper into the earth. But water percolating downward disrupts the temperature gradient, making rocks a kilometer deep the same temperature as rocks at the surface.

By analyzing where the temperature starts to pick up again in these deep drill holes, Karlstrom and his colleagues could infer how deeply groundwater was infiltrating through cracks in the volcanic rocks. That allowed them to map the volume of the aquifer.

Previous estimates of water availability in the Cascades took the springs at face value, measuring river and stream discharge. Instead, Karlstrom and his colleagues went deeper -- literally. But since those holes weren't originally drilled with the intent of mapping groundwater, they don't cover every area where one might like to collect such data. So the new estimate of the size of the aquifer is a lower bound, and the actual volume might be even bigger still.

While it's encouraging news that the aquifer is so much larger than previously believed, Karlstrom cautions that it's still a limited resource that must be carefully stewarded and needs further study.

"It is a big, active groundwater reservoir up there right now, but its longevity and resilience to change is set by the availability of recharging waters," he said.

The aquifer is largely replenished by snow, and snowpack in the high Cascades is expected to rapidly decrease in the coming decades. More precipitation is expected to fall as rain, which may impact the amount of recharge feeding the high Cascade aquifer. And while it's likely resilient to small year-to-year fluctuations, many years in a row of low rainfall or no snowpack would probably be a different story.

"This region has been handed a geological gift, but we really are only beginning to understand it," Grant said. "If we don't have any snow, or if we have a run of bad winters where we don't get any rain, what's that going to mean? Those are the key questions we're now having to focus on."

This research was supported by the National Science Foundation and the U.S. Forest Service.
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Sodium-ion batteries need breakthroughs to compete | ScienceDaily
Legions of battery engineers and their supporters have sought for years to build batteries cheaper than the dominant lithium-ion technology, hoping to capture some of lithium-ion's $50 billion-a-year and growing market. The latest darling contender among researchers, startups, and venture capitalists -- sodium-ion batteries -- has received much attention after COVID-induced mineral supply chain challenges sent lithium prices on a wild ride. Still, achieving a low-cost contender may be several years away for sodium-ion batteries and will require a set of technology advances and favorable market conditions, according to a new study in Nature Energy.


						
Sodium-ion batteries are often assumed to have lower costs and more resilient supply chains compared to lithium-ion batteries. Despite much potential, sodium-ion batteries still face an uphill struggle. The amount of energy they hold per pound tends to be lower than lithium-ion batteries. So, possible lower materials prices aside, the cost per unit of energy stored remains higher for sodium-ion batteries. This likely would limit widespread commercial adoption -- unless research breakthroughs can be made first. The most fertile areas for advancement are highlighted in the study, the first by a new partnership between the Stanford Doerr School of Sustainability's Precourt Institute for Energy and the SLAC-Stanford Battery Center. The new program, STEER, assesses the technological and economic potential of emerging energy technologies and advises "what to build, where to innovate, and how to invest" for the energy transition. The new study evaluated more than 6,000 scenarios to test the robustness of their roadmaps for sodium-ion battery's competitive potential.

"The price of lithium-ion batteries rose for the first time in 2022, which set off alarms for potentially needing an alternative. Sodium-ion is perhaps the most compelling near-term challenger to lithium-ion, and many battery companies announced plans of major build out of sodium-ion manufacturing, promising pathways to lower prices than the incumbent," said Adrian Yao, the study's lead author as well as the founder and team lead of STEER, which began in October 2023 with the support of three offices within the U.S. Department of Energy.

"We recognized that if, when, and how sodium-ion batteries might undercut lithium-ion on price was largely speculative, especially given that the price of lithium-ion continues to fall," said Yao, a doctoral candidate who returned to academia after eight years of being the founder and chief technology officer of a lithium-ion battery startup now producing its batteries on a large, commercial scale.

Yao's PhD co-advisors are the new study's senior authors and the co-directors of STEER: Sally Benson, the Precourt Family Professor in the Department of Energy Science & Engineering in the Doerr School of Sustainability; and William Chueh, an associate professor of materials science in the School of Engineering, of photon science at SLAC, and of energy science and engineering in the Doerr School.

"This sodium-ion study was the perfect undertaking to launch STEER as a new way to guide research and investment toward the technology roadmaps most worthy of pursuit and, perhaps more important, away from ones unlikely to be successful," Benson said.

Do's and don'ts for sodium-ion

To compete on price, specifically against a low-cost variant of the lithium-ion battery known as lithium-iron-phosphate, the study highlights several key routes for sodium-ion battery developers. Most important is to increase energy densities without the use of critical minerals. Specifically, developers should target lithium-iron-phosphate energy densities while moving away from nickel. Currently, most leading sodium-ion designs rely on the relatively expensive metal.




"Our primary objective, though, was not predicting specific years for when we expect price parity, but in surfacing the impacts of various market scenarios on the viability of competing technologies," said Chueh.

"As technologists and investors, we cannot assume that economies-of-scale will always send prices plummeting once a device reaches commercial production. Yes, there will be a learning curve, but here we quantify this curve and show that it isn't enough on its own," said Chueh, who is also the director of the Precourt Institute for Energy. "Engineering advances will likely do much more to cut sodium-ion battery costs than simply scaling production."

Such advances and new battery chemistries generally are worth pursuing, the researchers said. The Deparment of Energy's 2022 energy storage supply chain analysis notes that diversifying technologies for grid energy storage systems could increase the resiliency of the overall supply chain. Continuing to rely so heavily on lithium-ion batteries as more energy storage is needed for the global transition to sustainable energy will pose security, economic, and geopolitical risks. For example, the study simulates how the competitiveness of sodium-ion would be accelerated if supply shocks were to occur to graphite -- a critical material used in lithium-ion batteries where China controls more than 90% of the global supply. In fact, on Dec. 3, 2024 China began to significantly restrict exports of graphite to the United States, while also banning exports of three other critical minerals.

The study also identifies market forces and supply chain conditions that could hurt sodium-ion's competition with lithium-ion. For example, if lithium prices continue where they are today near historic lows, sodium-ion has a narrower set of technology routes to become price advantageous in the next decade.

"One key thing we learned from industry practitioners is that while battery cell prices are important, technologies only succeed at the systems level, say an electric vehicle or a grid-scale battery energy storage system. That's why we're now expanding our scope to provide more holistic perspectives, including understanding the cost of safety and other systems considerations," said Yao.
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Differences in strength by position among football players | ScienceDaily
Even casual football watchers could tell you there are different body types based on the player's position. Linemen are big with a lot of body mass, and wide receivers are smaller and faster, for example. But a new study from the University of Kansas is setting the stage to determine if there are more subtle differences in fitness and strength characteristics by position that are not obvious, even to the trained football eye.


						
If coaches and trainers could point to data that shows linebackers generally have higher upper body strength, while tight ends have a high level of flexibility or similar measures, that could lead to position-specific training and putting athletes in their most optimum positions to succeed. Quincy Johnson, assistant professor of health, sport & exercise science, led a study that used state-of-the-art technology to assess key performance indicators within a group of college football players that found significant differences in body type, muscular strength and power, though not flexibility, by position type.

Offensive and defensive linemen, "big skill" positions such as linebackers and tight ends and skill players such as quarterbacks, wide receivers and safeties were the focus of the study. Researchers conducted a battery of tests with 16 starters from a NCAA Division II football team. All were free of musculoskeletal injuries and had regularly taken part in strength and conditioning training.

"Even within the same sport you have different body types and different needs for the position they play," Johnson said. "Speed, mobility, flexibility all play a part in your ability to play football. Strength and power also play a huge role. We found significant differences among position groups in muscular power, as well as muscular strength. However, we didn't find a difference in flexibility."

Players in the sample were separated into offensive and defensive groups and were tested for body composition, including height, body mass and lean body mass. Then, further key performance indicators like movement capacity, muscular strength and power were measured. Technology including markerless motion capture and force plates measured movement capacity during squats, strength via isometric mid-thigh pulls, power via jumping exercises and other similar measures.

As hypothesized, the researchers found significant differences in body composition, with linemen having more body mass than other big skill players. And the latter positions jumped higher and more efficiently transferred force during jumps, exhibiting different types of characteristics of athleticism between the positions. Movement capacity, however, did not prove to have significant differences by position.

Specific measures of muscular strength and power also varied between position groups, but measures of peak force did not, the researchers noted. That finding emphasizes the importance of developing absolute strength, they added.




Johnson, a former collegiate football player and strength and conditioning coach, described the study as a call to action. By showing that different body compositions, movement capacities and types of strength and power are scientifically measurable, it could set the stage for research that can maximize desired characteristics in the name of improving performance long-term. Further research is needed to determine how best to develop the necessary characteristics by position.

Written by Johnson, Yang Yang, Dimitrije Cabarkapa and Andrew Fry of KU; Shane Stock, Dalton Gleason, Kazuma Akehi, Dayton Sealey and Clay Frels of the University of Nebraska-Kearney; and Douglas Smith of Oklahoma State University, the study was published in The Journal of Functional Morphology and Kinesiology.

"I hope to help answer questions coaches have and hopefully move the field in some new directions," Johnson said. "The big question is, 'Can we assess abilities in this group of athletes?' Once we have this information, can we analyze it in a way that over time improves performance?"

Johnson, who began playing football at age 5 in his native Oklahoma, had questions about training camp when he reached the collegiate level, including why the first few and last few days of training camp seemed to be the most strenuous and taxing on the body. While he never suffered serious injuries, he saw teammates who did or quit the sport for various reasons. By bringing a sport science approach to such questions, he hopes to help athletes, coaches, trainers and others use data to answer those and others about how to maximize performance. Such data could contribute to training regimens designed specifically for defensive backs to reach their full potential or to help linemen stay on the field or avoid injuries, for example.

Future work will examine data from Division I football players and those in other sports as well.

The authors write that the findings can also help those beyond athletes and coaches, including strength and conditioning professionals, sport scientists, sports medicine professionals, nutritionists and registered dietitians.

Johnson's research is part of the work by the Jayhawk Athletic Performance Laboratory, a member of the Wu Tsai Human Performance Alliance. The alliance works to transform and improve human health through the understanding of peak performance. While the majority of understanding of human health comes from the study of disease, the research at KU and partners studies peak athletic performance to help people achieve optimal health and well-being.
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Changes in opioid use outcomes after passage of medical marijuana laws | ScienceDaily
A new study at Columbia University Mailman School of Public Health found no changes in opioid outcomes among the general population with the states' passage of medical and recreational marijuana laws. However, the findings also show decreases in opioid outcomes after medical marijuana laws existed among people reporting cannabis use but no changes in opioid outcomes when laws for both medical and recreational use were enacted. The results are published in the International Journal of Drug Policy.


						
By the end of 2019, 32 states had adopted medical marijuana laws (MCL) alone. All states that went on to adopt recreational marijuana laws (RCL) had previously adopted an MCL.

Using National Survey on Drug Use and Health (NSDUH) data from 2015-2019, the researchers estimated cannabis law associations with opioid (prescription opioid misuse and/or heroin use) misuse and use disorder.

The study adds to the literature for investigating effects of MCL alone and RCL+MCL on opioid misuse and DSM-IV opioid use disorder overall and by prior cannabis use history. The findings also build on several recent analyses of NSDUH data.

"Our study is the first to investigate the effects of cannabis laws on opioid outcomes among people that used cannabis in the past year and that initiated cannabis use prior to cannabis law adoption in their state," noted Silvia Martins, MD, PhD, professor of Epidemiology at Columbia Mailman School. "Much has been speculated on whether the enactment of medical and recreational cannabis laws can have a role in decreasing prescriptions for opioid pain relievers, opioid use and misuse, opioid use disorder, and overdose in the U.S."

Martins continues, "Comparing individuals in states with medical cannabis laws alone to those in states without such laws, we found an inconsistent pattern of decreased odds of opioid outcomes, which were more pronounced among people reporting cannabis use. The pattern did not hold for individuals in states with recreational cannabis laws, suggesting that MCLs may be associated with reductions in opioid use among people using cannabis but additional work to replicate and expand on these findings is needed."

Overall, MCL and RCL adoption were not associated with changes in the odds of any opioid outcome. After restricting to respondents reporting past-year cannabis use, decreased odds of past year opioid misuse were observed among individuals in states with MCL compared to those in states without cannabis laws. RCLs were not associated with changes in the odds of any opioid outcome beyond MCL adoption.




From 2015 to 2019, approximately 282,768 respondents participated in the NSDUH study. The prevalence of past year and past month opioid misuse was reported by 4 percent and 1.3 percent of participants, respectively. Approximately 3 percent of the participants met criteria for past-year DSM-IV opioid use disorder (OUD) -- abuse and dependence. Prevalence of past year and past month opioid misuse, as well as opioid use disorder, were all higher among respondents reporting past year cannabis use (15 percent) compared to those reporting no use.

Reductions in some measures of opioid misuse and opioid use disorder were reported in states with MCLs alone, but only among individuals reporting past-year cannabis use who had initiated cannabis use prior to cannabis law adoption in their state. However, the same relationships did not hold for combined RCLs and MCLs. "Our findings shed light on the potential beneficial effects of MCLs alone and future studies should continue to monitor changes in opioid-related harm outcomes, as the cannabis legalization landscape evolves," said Emilie Bruzelius, PhD, post-doctoral fellow in the Department of Epidemiology at Columbia Mailman School and co-author of the study.

"Our findings generally support the premise that state adoption of RCLs+MCLs has few benefits in terms of reducing substance misuse and indicates that continued monitoring of RCL+MCL-related trends is warranted," said Martins. "One important issue to consider is that compared to MCLs, relatively fewer states have adopted RCLs+MCLs, and most laws have been adopted within the past decade. Therefore, the impact of RCLs+MCLs may become clearer as more states adopt these laws and as post-law observation time accumulates. More studies are needed to examine opioid use among individuals who receive cannabis from medical and recreational dispensaries."

Co-authors are Christine Mauro, and Kara Rudolph,Columbia Mailman School; Julian Santaella-Tenorio, Katherine Wheeler-Martin, and Magdalena Cerda, NYU Grossman School of Medicine; Anne Boustead, University of Arizona, Hillary Samplesand Stephen Crystal, Rutgers University; Deborah Hasin, Columbia Mailman School and Columbia Department of Psychiatry; David Fink, New York State Psychiatric Institute; Corey Davis, NYU Grossman School of Medicine and Network for Public Health Law, MN.

The study was supported by NIH-NIDA grants R01DA045872, T32DA031099, K01DA049950, and K99DA055724.
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New research highlights trends in ADHD diagnoses | ScienceDaily
New research identifies differing trends in attention-deficit/hyperactivity disorder (ADHD) diagnoses among adolescents and adults, including an increase among adults from 2020 to 2023. The study, published in the American Psychiatric Association Journal Psychiatric Research and Clinical Practice, found a significant downward trends in ADHD incidence among adults from 2016 to 2020 and adolescents from 2016 to 2018. The ADHD incidence rate remained stable for adolescents in subsequent years.


						
ADHD is a neurodevelopmental disorder involving inattention and/or hyperactivity and impulsivity that interferes with a person's functioning and ability to perform daily activities, including at school or work. ADHD is often viewed as a condition primarily impacting childhood and adolescence; however, it can also affect adults. Research on the prevalence of ADHD in adults remains limited, with findings varying considerably.

The large retrospective cohort study, conducted by researchers at Saint Louis University and SSM Health, involved more than 140,000 adolescents and adult patients who used services with a large healthcare system located in four states. New ADHD diagnoses were identified using patient charts. Regression analysis was used to determine incidence rates and trends in ADHD diagnoses by age group.

They found a significant downward trend in ADHD incidence among adults from 2016 to 2020 and an upward trend from 2020 to 2023. Among adolescents, a significant downward trend was observed between 2016 and 2018, and the incidence rate remained stable between 2018 and 2023.

"Fluctuations in incidence rates are likely due to a complex interplay of various factors," the authors write. For example, increased awareness and destigmatization of ADHD can lead to more diagnoses. Changes in diagnostic criteria, such as the expansion of ADHD criteria in the DSM-5 compared to previous editions, may have contributed to an increase in diagnoses. Variations in diagnostic practices and assessment methods can contribute to differences in incidence rates. In addition, there are some indications, the authors note, that the COVID-19 pandemic may have contributed to new ADHD diagnoses and worsening symptoms.

The authors suggest that this research can support future efforts to identify modifiable risk factors, ensure sufficient treatment resources, develop targeted interventions, and address diagnostic disparities. The study authors include Margaret L. Paul, M.S., Poorva Sheth, B.S., Regan Davis, B.S., Timothy Chrusciel, M.P.H., Erick Messias, M.D., M.P.H., Ph.D.
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Immunotherapy against cancer: How therapeutic antibodies do their job | ScienceDaily
In blood cancers such as chronic lymphocytic leukaemia, B cells of the immune system multiply uncontrollably. One form of therapy involves labelling the CD20 protein on the surface of the B cells with customised antibodies. This triggers a chain of immunological reactions and ultimately leads to the destruction of the cancer cells.


						
Such immunotherapeutic antibodies have been used against tumour diseases for 30 years. 'Although it is crucial for the success of the therapy, we still know very few details about how the antibodies bind to CD20 and how the subsequent reactions take place,' says Professor Markus Sauer from the Biocentre of Julius-Maximilians-Universitat (JMU) Wurzburg in Bavaria, Germany.

Tracking Down the Effectiveness of the Antibodies

This is now likely to change: A team led by the JMU biophysicist has developed a new super-resolution microscopic method. It makes it possible for the first time to investigate the interactions of therapeutic antibodies with target molecules on tumour cells in 3D with molecular resolution.

'We can now observe how effectively the antibodies work and thus contribute to the development of improved therapies,' says Markus Sauer.

The new microscopic method is termed LLS-TDI-DNA-PAINT. In the scientific journal Science, first author Dr Arindam Ghosh and a team from Markus Sauer's chair describe how the newly developed technology works and what findings have already been obtained with it. Dr Thomas Nerreter and Professor Martin Kortum from the Medical Clinic II at Wurzburg University Hospital were also involved in the study.

B Cells Take on the Shape of a Hedgehog

The Wurzburg researchers carried out their studies on fixed and living Raji B cells using the new microscopy method. This cell line originates from a patient's Burkitt's lymphoma and is often used in cancer research. The researchers brought the cells into contact with one of the four therapeutic antibodies RTX, OFA, OBZ and 2H7.




All four antibodies crosslink the CD20 molecules in the cell membrane, resulting in strong localised accumulations of the antibodies. This activates the so-called complement system and initiates the killing of the cells by the immune system. In contrast to the current classification of therapeutic antibodies, the results show that the concatenation of the CD20 molecules occurs independently of whether the antibodies belong to type I or II.

The experiments also show that all four antibodies crosslink CD20 molecules that are located at specific sites on the membrane -- on micrometre-long protrusions of the membrane called 'microvilli'. At the same time, the binding of the therapeutic antibodies polarises the B cell and the outstretched microvilli are stabilised. As a result, the B cells take on a kind of hedgehog shape because the membrane protrusions are only located on one side of the cell.

The Next Steps in Research

What happens next? 'The previous classification of therapeutic antibodies into types I and II can no longer be maintained,' says Dr Arindam Ghosh. Until now, research has assumed that therapeutic antibodies of type I have a different mechanism of action than those of type II. However, the Wurzburg studies disprove this.

'The hedgehog shape makes the B cells appear as if they want to form an immunological synapse with another cell,' says the JMU researcher. It is conceivable that the treated B cells activate macrophages and natural killer cells of the immune system in this way. The research team now will clarify whether this assumption is correct in further studies.
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Climate fee on food could effectively cut greenhouse gas emissions in agriculture while ensuring a social balance | ScienceDaily
Greenhouse gas emissions in German agriculture could be significantly reduced in a socially equitable way through a climate fee on food, combined with climate dividends. This is the key finding of a study by the Potsdam Institute for Climate Impact Research (PIK). The study suggests that pricing greenhouse gas-intensive foods could help meet climate targets for agriculture while generating over 8.2 billion Euros annually. If these funds were redistributed to households through a lump-sum compensation scheme, it would ease the financial burden on households, especially those with lower incomes and at the same time encourage sustainable consumption.


						
Agriculture accounts for 8 percent of all greenhouse gas (GHG) emissions in Germany. "However, emissions within this sector, could be reduced by 22.5 percent or over 15 million tonnes of GHG annually, if the social cost of carbon were reflected in food prices," says Julian Schaper, guest scientist at PIK and lead author of the study published in the journal Food Policy. In the Federal Climate Change Act passed in 2019, the government set itself the goal of reducing annual emissions from the current 62 million tonnes to 56 Mt GHG by 2030.

The social cost of carbon is an estimate of the economic damages that would result from emitting one additional tonne of carbon into the atmosphere in the future. Emission-intensive products such as meat and dairy would be most affected by such a climate fee of around 200 euros per tonne GHG, while prices for more sustainable products would rise less: Yoghurt and milk would increase by about 25 cents per kilogram, while beef prices could rise by over 4 euros/kg.

Using a demand model that provides a detailed and representative picture of how German households respond to price changes, the researchers assessed the effects of GHG pricing on consumption and associated emissions. "Households would tend to buy more food that is less carbon-intensive on average, such as vegetables. A climate fee would not only directly benefit climate protection, but could also encourage sustainable consumption," explains PIK scientist Max Franks, author of the study.

In the researchers' model, the 8.2 billion euros generated by the climate fee are returned to consumers as a climate dividend, providing substantial relief to lower-income households, while wealthier households would bear slightly higher costs. "This form of redistribution helps to create a social balance that can promote the acceptance of such measures," Franks continues.

The authors of the study also see significant potential for broad public acceptance in the combination of a climate fee and dividend. It is crucial to clearly communicate that the measures effectively reduce emissions, that all revenues are returned to the public and that lower-income households are specifically supported.
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Medicare rules may reduce prescription steering | ScienceDaily
Weill Cornell Medicine researchers have found that pharmacy benefit managers (PBMs) -- organizations that negotiate access to medicines for most patients in the United States -- steer patients to use their own pharmacies. However, these pharmacies appear less used in Medicare than in other market segments. These PBMs are part of integrated health care conglomerates that own insurance companies and pharmacies, which may create conflicts of interest.


						
The study, published Jan. 10 in JAMA Health Forum, found that in 2021 a third of all Medicare Part D pharmacy spending and almost 40% of specialty drug spending within Medicare Part D was through pharmacies owned by the four largest PBMs: CVS, UnitedHealth Group, Cigna or Humana. However, this represents a far lower market share in Medicare than the nearly two-thirds national market share noted by a Federal Trade Commission's 2024 report. The findings may help guide future policy decisions on how these entities are regulated.

"It is striking that, on average, these companies have significantly lower market share in Medicare than the national estimates suggest," said the study's lead author Dr. Pragya Kakani, an assistant professor of population health sciences at Weill Cornell Medicine. "For high-cost specialty drugs, these pharmacies have almost half the market share in Medicare which is still lower than that observed across all other payer segments nationally."

Dr. Kakani believes one reason for the reduced market share of these pharmacies in Medicare could be due to the Center for Medicare and Medicaid Services' "any willing pharmacy" rules that ensure patients have access to their prescriptions at any pharmacy willing to meet the conditions set by Medicare Part D.

"While we don't test this directly, our work raises the possibility that these rules may be powerful in preventing PBM firms from getting huge market share," she said. Outside of Medicare Part D, insurers generally have more leeway to exclude certain pharmacies from their networks, meaning patients have fewer choices about where they can pick up their prescriptions.

"However, despite Medicare's 'any willing pharmacy' rules, insurers integrated with PBMs are still capable of steering a substantial portion of their Medicare Part D plan enrollees to their own pharmacies," noted senior author on the study Dr. Amelia Bond, associate professor of population health sciences at Weill Cornell Medicine. This is especially true among some high-cost specialty drugs. On average, Medicare patients used their own PBM's pharmacies at nearly 20 percent higher rates than what would be expected without steering.

For example, for pulmonary arterial hypertension, idiopathic pulmonary fibrosis and multiple sclerosis, PBM-owned pharmacies captured over 60% market share in Medicare. "Because there is a lot of variation by disease area in terms of the prevalence of these pharmacies, policymakers concerned about this issue should pay special attention to drug classes where these PBM-owned pharmacies are most used."

The market power of PBM pharmacies and firms' ability to steer patients to their own pharmacies may impact costs, access to independent pharmacies and patient experience. Thus, some states may consider expanding protections like "any willing pharmacy" in general commercial markets.

"Steering can amplify the potential harms as well as possibly potential benefits of this type of integration, justifying further research in this area," Dr. Kakani said. Dr. Kakani, Dr. Bond, and their research team will continue examining some of these issues, focusing on the quality of care PBM-owned pharmacies provide, including access, timely filling of prescriptions, patient adherence to treatment plans and pricing.
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Researchers find betrayal doesn't necessarily make someone less trustworthy if we benefit | ScienceDaily
Imagine this scenario: Two people cheat on their partners with each other and then leave their partners to be together. Should they trust each other, or "once a cheater, always a cheater"?


						
Intuition and past research suggest that whether people deem someone trustworthy depends on that person's past behavior and reputation for betrayal. But now, new work from psychologists at UCLA and Oklahoma State University is helping to explain why people might nevertheless trust certain cheaters and other betrayers.

When we benefit from someone's betrayal, we tend to still regard that person as inherently trustworthy, the psychologists reported in a study published in Evolution and Human Behavior. Their experiments found that, although subjects tended to regard people who betrayed others as generally less trustworthy, when a person's betrayal benefited the subject, that person was still thought to be worthy of trust.

At question is the role concepts like "trustworthiness" play in our relationships. According to the research team, inferences about someone's trustworthiness are used for making adaptive choices -- that is, choices that benefit us. So, while people might be attuned to whether someone has betrayed others in the past, the researchers predicted that people would also be attuned to certain relationship-based factors that impact how that person is viewed/trusted.

"Making decisions about whom to trust based only on whether that person has betrayed someone else might not be the best way to determine whether or not I can trust someone," said study co-author and UCLA professor of psychology Jaimie Krems.

"Sure, if someone betrays other people, that could be a valuable cue that they might betray me -- but not always. For example, think about that friend who always tells you other friends' secrets but doesn't share yours. This friend is betraying other people but enriching you with information," Krems added.

This was the researchers' main contention: The mind should be attuned to whether someone has a reputation for betrayal, yes, but also to how someone's betrayal affects you.




The researchers designed experiments to test whether people deemed targets more trustworthy when the targets avoided betrayal -- but also when the betrayal had different impacts on the subject.

In one series of experiments, participants were randomly assigned to read one of three vignettes describing their interaction with a target. The first experiment involved sharing secrets among friends, while the second involved romantic infidelity. The third described an interaction in the context of international relations, with participants acting as CIA agents attempting to cultivate a French official as a source.

The targets exhibited one of three behaviors: they did not betray anyone when they had the opportunity; they betrayed another person to the participant or betrayed the participant to someone else. For example, some targets did not share a secret, others shared a secret about someone else with the participant, and still others shared the participant's secret with a third party. After reading the vignettes, participants rated the target's trustworthiness on a 7-point scale with questions such as, "I would trust the target to keep my secrets."

As intuition would predict, across all types of relationships, participants regarded targets as more trustworthy if they did not betray anyone and less trustworthy if they did. But people who betrayed were not all deemed equally untrustworthy. When betrayal benefited the participants, they still considered the target trustworthy. This pattern was largely consistent across friendships, romantic relationships and professional relationships.

The findings upheld the researchers' hypothesis that judgments of trustworthiness are partly a reflection of the person's disposition and idiosyncratic factors specific to the participant and the person at hand.

The findings show that while people might start with lofty ideals when it comes to trusting people, what they do in practice is often based more on self-interest.

The research was funded by the National Science Foundation.

Key takeaways
    	Both intuition and past research suggest that whether people deem someone trustworthy depends on that person's past behavior and reputation for betrayal.
    	In a series of experiments, psychologists found that subjects regarded those who previously exhibited that behavior as less trustworthy. However, when the betrayal benefited them or had no effect on them, participants regarded the betrayer as trustworthy.
    	This pattern was largely consistent across the types of relationships studied: friendships, romantic relationships and professional relationships.
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Is there really a mid-career crisis? Job satisfaction follows a U-shaped curve only among highly skilled workers, according to new study | ScienceDaily
Contrary to the long-held belief that the mid-career crisis plagues everyone, new research suggests that job satisfaction follows a U-shaped trajectory only for managerial and professional workers. This provocative finding challenges societal perceptions surrounding midlife and calls for a revaluation of workplace support for individuals in their 40s and 50s.


						
The study, published in the Socio-Economic Review, examined the relationship between age and job satisfaction using data from four national datasets from the UK -- the UK Skills and Employment Survey, the Workplace Employee Relations Survey, the British Household Panel Survey, and the UK Household Longitudinal Study -- which included over 100,000 workers across various industries, occupations and regions. By analysing both cross-sectional and longitudinal data, the research aimed to provide a comprehensive understanding of how job satisfaction evolves through different stages of one's career.

Professor Ying Zhou, lead author of the study and Director of the Future of Work Research Centre at the University of Surrey said:

"While dissatisfaction is common among many middle-aged workers, it is crucial to acknowledge that this is not a universal experience. Our findings indicate that for managers and professionals, job satisfaction typically hits its lowest point during their 40s but often rebounds later in life. In contrast, workers in intermediate and lower occupational classes do not display the same U-shaped trajectory. This challenges the widespread belief that a mid-career crisis is a universal phenomenon."

This study has significant implications for understanding workplace dynamics and the well-being of employees. For middle-aged workers, recognizing that a decline in job satisfaction during their 40s is relatively common can offer reassurance. Instead of expecting midlife to be a period of calm between the turbulence of early adulthood and the challenges of old age, it should be viewed as a tricky period of transition marked by feelings of frustration and despondency. However, it is encouraging to note that this phase is typically temporary, and there is light at the end of the tunnel.

The research also underscores the need for companies to adapt their support systems for employees entering their 40s and 50s. By fostering an environment that encourages career development and personal fulfilment, businesses can mitigate the potential for dissatisfaction and enhance the overall workplace culture. As the UK faces challenges related to an ageing workforce, understanding these dynamics becomes increasingly vital. The findings suggest that addressing the specific needs of skilled workers can lead to improved retention rates and a more engaged workforce, ultimately benefiting the economy as a whole.
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        NASA celebrates Edwin Hubble's discovery of a new universe
        For humans, the most important star in the universe is our Sun. The second-most important star is nestled inside the Andromeda galaxy. Don't go looking for it -- the flickering star is 2.2 million light-years away, and is 1/100,000th the brightness of the faintest star visible to the human eye. Yet, a century ago, its discovery by Edwin Hubble opened humanity's eyes as to how large the universe really is, and revealed that our Milky Way galaxy is just one of hundreds of billions of galaxies in th...

      

      
        This fast and agile robotic insect could someday aid in mechanical pollination
        New insect-scale microrobots can fly more than 100 times longer than previous versions. The new bots, also significantly faster and more agile, could someday be used to pollinate fruits and vegetables.

      

      
        Researchers make comfortable materials that generate power when worn
        Researchers have demonstrated new wearable technologies that both generate electricity from human movement and improve the comfort of the technology for the people wearing them. The work stems from an advanced understanding of materials that increase comfort in textiles and produce electricity when they rub against another surface.

      

      
        This quasar may have helped turn the lights on for the universe
        Astronomers have detected an intensely brightening and dimming quasar that may help explain how some objects in the early universe grew at a highly accelerated rate. The discovery is the most distant object detected by the NuSTAR X-ray space telescope (which launched in 2012) and stands as one of the most highly 'variable' quasars ever identified.

      

      
        Super-Earth vs. Sub-Neptune? The winner is Super-Venus!
        New observational data and simulation models have confirmed a new type of planet unlike anything found in the Solar System. This provides another piece of the puzzle to understand how planets and planetary systems form.

      

      
        Not all Hot Jupiters orbit solo
        Hot Jupiters are giant planets initially known to orbit alone close to their star. During their migration towards their star, these planets were thought to accrete or eject any other planets present. However, this paradigm has been overturned by recent observations, and the final blow could come from a new study demonstrating the existence of a planetary system, WASP-132, with an unexpected architecture. It not only contains a Hot Jupiter but also an inner Super-Earth and an icy giant planet.

      

      
        Octopus arms have segmented nervous systems to power extraordinary movements
        New research has revealed that the nervous system circuitry that controls arm movement in octopuses is segmented, giving these extraordinary creatures precise control across all eight arms and hundreds of suckers to explore their environment, grasp objects, and capture prey.

      

      
        Three tiny 'stellar-ghost-town' galaxies discovered
        By combining data from the DESI Legacy Imaging Surveys and the Gemini South telescope, astronomers have investigated three ultra-faint dwarf galaxies that reside in a region of space isolated from the environmental influence of larger objects. The galaxies, located in the direction of NGC 300, were found to contain only very old stars, supporting the theory that events in the early Universe cut star formation short in the smallest galaxies.

      

      
        Engineers develop breakthrough method for aluminum surfaces, enabling advancements in cooling, self-cleaning and anti-icing technologies
        An international team of engineers has developed an innovative, scalable method for creating topography-patterned aluminum surfaces, enhancing liquid transport properties critical for applications in electronics cooling, self-cleaning technologies and anti-icing systems.

      

      
        Songbirds socialize on the wing during migration
        Evidence from over 18,300 hours of recorded flight calls suggests songbirds may 'talk' to other species as they migrate, forming social connections and -- just maybe -- exchanging information about the journey.

      

      
        Ancient genomes reveal an Iron Age society centred on women
        A groundbreaking study finds evidence that land was inherited through the female line in Iron Age Britain, with husbands moving to live with their wife's community. This is believed to be the first time such a system has been documented in European prehistory.

      

      
        This metaphorical cat is both dead and alive -- and it will help quantum engineers detect computing errors
        Engineers have demonstrated a well-known quantum thought experiment in the real world. Their findings deliver a new and more robust way to perform quantum computations and they have important implications for error correction, one of the biggest obstacles standing between them and a working quantum computer.

      

      
        World's oldest 3D map discovered
        Researchers have discovered what may be the world's oldest three-dimensional map, located within a quartzitic sandstone megaclast in the Paris Basin.

      

      
        Hubble reveals surprising spiral shape of galaxy hosting young jet
        The night sky has always played a crucial role in navigation, from early ocean crossings to modern GPS. Besides stars, the United States Navy uses quasars as beacons. Quasars are distant galaxies with supermassive black holes, surrounded by brilliantly hot disks of swirling gas that can blast off jets of material. Following up on the groundbreaking 2020 discovery of newborn jets in a number of quasars, aspiring naval officer Olivia Achenbach of the United States Naval Academy has used NASA's Hubb...

      

      
        NASA's Hubble tracks down a 'blue lurker' among stars
        The name 'blue lurker' might sound like a villainous character from a superhero movie. But it is a rare class of star that NASA's Hubble Space Telescope explored by looking deeply into the open star cluster M67, roughly 2,800 light-years away.

      

      
        Atop the Oregon Cascades, team finds a huge buried aquifer
        Scientists have mapped the amount of water stored beneath volcanic rocks at the crest of the central Oregon Cascades and found an aquifer many times larger than previously estimated -- at least 81 cubic kilometers. The finding has implications for the way scientists and policymakers think about water in the region -- an increasingly urgent issue across the Western United States as climate change reduces snowpack, intensifies drought and strains limited resources.

      

      
        DNA nanorobots can alter artificial cells
        Scientists have succeeded in controlling the structure and function of biological membranes with the help of 'DNA origami'. The system they developed may facilitate the transportation of large therapeutic loads into cells. This opens up a new way for the targeted administration of medication and other therapeutic interventions. Thus, a very valuable instrument can be added to the toolbox of synthetic biology.

      

      
        New study unveils breakthrough in understanding cosmic particle accelerators
        Scientists have come a step closer to understanding how collisionless shock waves -- found throughout the universe -- are able to accelerate particles to extreme speeds.

      

      
        Chornobyl dogs' genetic differences not due to mutation
        Radiation-induced mutation is unlikely to have induced genetic differences between dog populations in Chornobyl City and the nearby Chornobyl Nuclear Power Plant.

      

      
        X-ray flashes from a nearby supermassive black hole accelerate mysteriously
        Astronomers observed flashes of X-rays coming from a supermassive black hole at a steadily increasing clip. The source could be the core of a dead star that's teetering at the black hole's edge.

      

      
        A fast-moving belly flop: Researchers unveil the unique skills of cricket frogs
        The way cricket frogs move across the surface of water has long been thought to resemble walking on water, but researchers have now discovered a different reality.

      

      
        New fossil discovery sheds light on the early evolution of animal nervous systems
        An international team of scientists has uncovered a fascinating piece of the evolutionary puzzle: how the ventral nerve cord, a key component of the central nervous system, evolved in ecdysozoan animals, a group that includes insects, nematodes, and priapulid worms. Their findings provide valuable insights into the origins of these structures in the basal Cambrian period.

      

      
        'What is that?' Scientists explain white patch that appears near northern lights
        A whitish, grey patch that sometimes appears in the night sky alongside the northern lights has now been explained.

      

      
        Cleopatra's sister remains missing
        anthropologists have analyzed a skull that was found in the ruins of Ephesos (Turkey) in 1929. It was long speculated that it could be the remains of Arsino IV, the sister of the famous Cleopatra. However, the latest anthropological analyses show that the remains are those of a boy between the ages of 11 and 14 who suffered from pathological developmental disorders. His genes point to an origin in Italy or Sardinia.

      

      
        Revealing the 'true colors' of a single-atom layer of metal alloys
        Researchers have demonstrated that the direction of the spin-polarized current can be restricted to only one direction in a single-atom layer of a thallium-lead alloys when irradiated at room temperature. The discovery defies conventions: single-atom layers have been thought to be almost completely transparent, in other words, negligibly absorbing or interacting with light. The one-directional flow of the current observed in this study makes possible functionality beyond ordinary diodes, paving t...
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NASA celebrates Edwin Hubble's discovery of a new universe | ScienceDaily
For humans, the most important star in the universe is our Sun. The second-most important star is nestled inside the Andromeda galaxy. Don't go looking for it -- the flickering star is 2.2 million light-years away, and is 1/100,000th the brightness of the faintest star visible to the human eye.


						
Yet, a century ago, its discovery by Edwin Hubble, then an astronomer at Carnegie Observatories, opened humanity's eyes as to how large the universe really is, and revealed that our Milky Way galaxy is just one of hundreds of billions of galaxies in the universe ushered in the coming-of-age for humans as a curious species that could scientifically ponder our own creation through the message of starlight. Carnegie Science and NASA are celebrating this centennial at the 245th meeting of the American Astronomical Society in Washington, D.C.

The seemingly inauspicious star, simply named V1, flung open a Pandora's box full of mysteries about time and space that are still challenging astronomers today. Using the largest telescope in the world at that time, the Carnegie-funded 100-inch Hooker Telescope at Mount Wilson Observatory in California, Hubble discovered the demure star in 1923. This rare type of pulsating star, called a Cepheid variable, is used as milepost markers for distant celestial objects. There are no tape-measures in space, but by the early 20th century Henrietta Swan Leavitt had discovered that the pulsation period of Cepheid variables is directly tied to their luminosity.

Many astronomers long believed that the edge of the Milky Way marked the edge of the entire universe. But Hubble determined that V1, located inside the Andromeda "nebula," was at a distance that far exceeded anything in our own Milky Way galaxy. This led Hubble to the jaw-dropping realization that the universe extends far beyond our own galaxy.

In fact Hubble had suspected there was a larger universe out there, but here was the proof in the pudding. He was so amazed he scribbled an exclamation mark on the photographic plate of Andromeda that pinpointed the variable star.

As a result, the science of cosmology exploded almost overnight. Hubble's contemporary, the distinguished Harvard astronomer Harlow Shapley, upon Hubble notifying him of the discovery, was devastated. "Here is the letter that destroyed my universe," he lamented to fellow astronomer Cecilia Payne-Gaposchkin, who was in his office when he opened Hubble's message.

Just three years earlier, Shapley had presented his observational interpretation of a much smaller universe in a debate one evening at the Smithsonian Museum of Natural History in Washington. He maintained that the Milky Way galaxy was so huge, it must encompass the entirety of the universe. Shapley insisted that the mysteriously fuzzy "spiral nebulae," such as Andromeda, were simply stars forming on the periphery of our Milky Way, and inconsequential.




Little could Hubble have imagined that 70 years later, an extraordinary telescope named after him, lofted hundreds of miles above the Earth, would continue his legacy. The marvelous telescope made "Hubble" a household word, synonymous with wonderous astronomy.

Today, NASA's Hubble Space Telescope pushes the frontiers of knowledge over 10 times farther than Edwin Hubble could ever see. The space telescope has lifted the curtain on a compulsive universe full of active stars, colliding galaxies, and runaway black holes, among the celestial fireworks of the interplay between matter and energy.

Edwin Hubble was the first astronomer to take the initial steps that would ultimately lead to the Hubble Space Telescope, revealing a seemingly infinite ocean of galaxies. He thought that, despite their abundance, galaxies came in just a few specific shapes: pinwheel spirals, football-shaped ellipticals, and oddball irregular galaxies. He thought these might be clues to galaxy evolution -- but the answer had to wait for the Hubble Space Telescope's legendary Hubble Deep Field in 1994.

The most impactful finding that Edwin Hubble's analysis showed was that the farther the galaxy is, the faster it appears to be receding from Earth. The universe looked like it was expanding like a balloon. This was based on Hubble tying galaxy distances to the reddening of light -- the redshift -- that proportionally increased the father away the galaxies are.

The redshift data were first collected by Lowell Observatory astronomer Vesto Slipher, who spectroscopically studied the "spiral nebulae" a decade before Hubble. Slipher did not know they were extragalactic, but Hubble made the connection. Slipher first interpreted his redshift data an example of the Doppler effect. This phenomenon is caused by light being stretched to longer, redder wavelengths if a source is moving away from us. To Slipher, it was curious that all the spiral nebulae appeared to be moving away from Earth.

Two years prior to Hubble publishing his findings, the Belgian physicist and Jesuit priest Georges Lemaitre analyzed the Hubble and Slifer observations and first came to the conclusion of an expanding universe. This proportionality between galaxies' distances and redshifts is today termed Hubble-Lemaitre's law.




Because the universe appeared to be uniformly expanding, Lemaitre further realized that the expansion rate could be run back into time -- like rewinding a movie -- until the universe was unimaginably small, hot, and dense. It wasn't until 1949 that the term "big bang" came into fashion.

This was a relief to Edwin Hubble's contemporary, Albert Einstein, who deduced the universe could not remain stationary without imploding under gravity's pull. The rate of cosmic expansion is now known as the Hubble Constant.

Ironically, Hubble himself never fully accepted the runaway universe as an interpretation of the redshift data. He suspected that some unknown physics phenomenon was giving the illusion that the galaxies were flying away from each other. He was partly right in that Einstein's theory of special relativity explained redshift as an effect of time-dilation that is proportional to the stretching of expanding space. The galaxies only appear to be zooming through the universe. Space is expanding instead.

After decades of precise measurements, the Hubble telescope came along to nail down the expansion rate precisely, giving the universe an age of 13.8 billion years. This required establishing the first rung of what astronomers call the "cosmic distance ladder" needed to build a yardstick to far-flung galaxies. They are cousins to V1, Cepheid variable stars that the Hubble telescope can detect out to over 100 times farther from Earth than the star Edwin Hubble first found.

Astrophysics was turned on its head again in 1998 when the Hubble telescope and other observatories discovered that the universe was expanding at an ever-faster rate, through a phenomenon dubbed "dark energy." Einstein first toyed with this idea of a repulsive form of gravity in space, calling it the cosmological constant.

Even more mysteriously, the current expansion rate appears to be different than what modern cosmological models of the developing universe would predict, further confounding theoreticians. Today astronomers are wrestling with the idea that whatever is accelerating the universe may be changing over time. NASA's Roman Space Telescope, with the ability to do large cosmic surveys, should lead to new insights into the behavior of dark matter and dark energy. Roman will likely measure the Hubble constant via lensed supernovae.

This grand century-long adventure, plumbing depths of the unknown, began with Hubble photographing a large smudge of light, the Andromeda galaxy, at the Mount Wilson Observatory high above Los Angeles.

In short, Edwin Hubble is the man who wiped away the ancient universe and discovered a new universe that would shrink humanity's self-perception into being an insignificant speck in the cosmos.
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This fast and agile robotic insect could someday aid in mechanical pollination | ScienceDaily
With a more efficient method for artificial pollination, farmers in the future could grow fruits and vegetables inside multilevel warehouses, boosting yields while mitigating some of agriculture's harmful impacts on the environment.


						
To help make this idea a reality, MIT researchers are developing robotic insects that could someday swarm out of mechanical hives to rapidly perform precise pollination. However, even the best bug-sized robots are no match for natural pollinators like bees when it comes to endurance, speed, and maneuverability.

Now, inspired by the anatomy of these natural pollinators, the researchers have overhauled their design to produce tiny, aerial robots that are far more agile and durable than prior versions.

The new bots can hover for about 1,000 seconds, which is more than 100 times longer than previously demonstrated. The robotic insect, which weighs less than a paperclip, can fly significantly faster than similar bots while completing acrobatic maneuvers like double aerial flips.

The revamped robot is designed to boost flight precision and agility while minimizing the mechanical stress on its artificial wing flexures, which enables faster maneuvers, increased endurance, and a longer lifespan.

The new design also has enough free space that the robot could carry tiny batteries or sensors, which could enable it to fly on its own outside the lab.

"The amount of flight we demonstrated in this paper is probably longer than the entire amount of flight our field has been able to accumulate with these robotic insects. With the improved lifespan and precision of this robot, we are getting closer to some very exciting applications, like assisted pollination," says Kevin Chen, an associate professor in the Department of Electrical Engineering and Computer Science (EECS), head of the Soft and Micro Robotics Laboratory within the Research Laboratory of Electronics (RLE), and the senior author of an open-access paper on the new design.




Chen is joined on the paper by co-lead authors Suhan Kim and Yi-Hsuan Hsiao, who are EECS graduate students; as well as EECS graduate student Zhijian Ren and summer visiting student Jiashu Huang. The research appears today in Science Robotics.

Boosting performance

Prior versions of the robotic insect were composed of four identical units, each with two wings, combined into a rectangular device about the size of a microcassette.

"But there is no insect that has eight wings. In our old design, the performance of each individual unit was always better than the assembled robot," Chen says.

This performance drop was partly caused by the arrangement of the wings, which would blow air into each other when flapping, reducing the lift forces they could generate.

The new design chops the robot in half. Each of the four identical units now has one flapping wing pointing away from the robot's center, stabilizing the wings and boosting their lift forces. With half as many wings, this design also frees up space so the robot could carry electronics.




In addition, the researchers created more complex transmissions that connect the wings to the actuators, or artificial muscles, that flap them. These durable transmissions, which required the design of longer wing hinges, reduce the mechanical strain that limited the endurance of past versions.

"Compared to the old robot, we can now generate control torque three times larger than before, which is why we can do very sophisticated and very accurate path-finding flights," Chen says.

Yet even with these design innovations, there is still a gap between the best robotic insects and the real thing. For instance, a bee has only two wings, yet it can perform rapid and highly controlled motions.

"The wings of bees are finely controlled by a very sophisticated set of muscles. That level of fine-tuning is something that truly intrigues us, but we have not yet been able to replicate," he says.

Less strain, more force

The motion of the robot's wings is driven by artificial muscles. These tiny, soft actuators are made from layers of elastomer sandwiched between two very thin carbon nanotube electrodes and then rolled into a squishy cylinder. The actuators rapidly compress and elongate, generating mechanical force that flaps the wings.

In previous designs, when the actuator's movements reach the extremely high frequencies needed for flight, the devices often start buckling. That reduces the power and efficiency of the robot. The new transmissions inhibit this bending-buckling motion, which reduces the strain on the artificial muscles and enables them to apply more force to flap the wings.

Another new design involves a long wing hinge that reduces torsional stress experienced during the flapping-wing motion. Fabricating the hinge, which is about 2 centimeters long but just 200 microns in diameter, was among their greatest challenges.

"If you have even a tiny alignment issue during the fabrication process, the wing hinge will be slanted instead of rectangular, which affects the wing kinematics," Chen says.

After many attempts, the researchers perfected a multistep laser-cutting process that enabled them to precisely fabricate each wing hinge.

With all four units in place, the new robotic insect can hover for more than 1,000 seconds, which equates to almost 17 minutes, without showing any degradation of flight precision.

"When my student Nemo was performing that flight, he said it was the slowest 1,000 seconds he had spent in his entire life. The experiment was extremely nerve-racking," Chen says.

The new robot also reached an average speed of 35 centimeters per second, the fastest flight researchers have reported, while performing body rolls and double flips. It can even precisely track a trajectory that spells M-I-T.

"At the end of the day, we've shown flight that is 100 times longer than anyone else in the field has been able to do, so this is an extremely exciting result," he says.

From here, Chen and his students want to see how far they can push this new design, with the goal of achieving flight for longer than 10,000 seconds.

They also want to improve the precision of the robots so they could land and take off from the center of a flower. In the long run, the researchers hope to install tiny batteries and sensors onto the aerial robots so they could fly and navigate outside the lab.

"This new robot platform is a major result from our group and leads to many exciting directions. For example, incorporating sensors, batteries, and computing capabilities on this robot will be a central focus in the next three to five years," Chen says.

This research is funded, in part, by the U.S. National Science Foundation and a Mathworks Fellowship.
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Researchers make comfortable materials that generate power when worn | ScienceDaily
Researchers have demonstrated new wearable technologies that both generate electricity from human movement and improve the comfort of the technology for the people wearing them. The work stems from an advanced understanding of materials that increase comfort in textiles and produce electricity when they rub against another surface.


						
At issue are molecules called amphiphiles, which are often used in consumer products to reduce friction against human skin. For example, amphiphiles are often incorporated into diapers to prevent chafing.

"We set out to develop a model that would give us a detailed fundamental understanding of how different amphiphiles affect the surface friction of different materials," says Lilian Hsiao, corresponding author of a paper on the work and an associate professor of chemical and biomolecular engineering at North Carolina State University. "The model helps us understand the molecular basis for friction reduction and can be used by engineers to tailor a material's properties for different applications."

"We then began a series of experiments to explore whether we could use amphiphiles to modify materials and incorporate them into haptic energy harvesters," says Saad Khan, co-corresponding author and INVISTA Professor of Chemical and Biomolecular Engineering at NC State. "Specifically, we wanted to know if we could create energy from friction in amphiphile-modified materials. It turns out we could not only generate electricity, but we could do so while also reducing the friction that people wearing these materials experience."

In other words, the researchers found they could use amphiphiles to create wearable fabrics with slippery surfaces that feel good against human skin.

The researchers also found that some amphiphiles have electronic properties that allow them to "donate" electrons. And when the researchers incorporated those electron-donating amphiphiles into the wearable materials, the end result was a material that was both comfortable and capable of generating electricity through friction produced by rubbing against human skin or other materials.

"The technology for harvesting static energy is well established but devices that can be worn for long periods of time are still missing." Hsiao says. "In our proof-of-concept testing, we found these amphiphile materials not only feel good on the skin but could generate up to 300 volts, which is remarkable for a small piece of material."

"An optimal balance between friction needed to generate power and maintaining the comfort of the wearer is paramount in designing haptic technologies and amphiphile chemistry offers a facile way to do so," Khan says. "We're interested in doing more to make use of these materials, such as exploring how they can be incorporated into existing haptic devices. And we're open to working with industry partners on identifying new applications."

The paper, "Compressing Slippery Surface-Assembled Amphiphiles for Tunable Haptic Energy Harvesters," will be published Sept. 15 in the journal Science Advances. First author of the paper is Pallav Jani, a Ph.D. graduate of NC State. The paper was co-authored by Kushal Yadav, another Ph.D. student at NC State, Maryanne Derkaloustian and Charles Dhong of the University of Delaware, and by Hilmar Koerner, who leads the Polymer Matrix Composites Program at the Air Force Research Laboratory.

This work was done with support from the Nonwovens Institute under project 18-224SB; the National Science Foundation under CAREER award number 2042635; the AFRL under the Summer Faculty Fellowship Program; the Sloan Research Fellowship under grant number FG-2022-18336; the Dreyfus Foundation, under grant number TC-22-038; the National Institutes of Health under grant R01EY032584-02; and the National Eye Institute under grant 5R01EY032584-03.
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This quasar may have helped turn the lights on for the universe | ScienceDaily
A Yale-led team of astronomers has detected an intensely brightening and dimming quasar that may help explain how some objects in the early universe grew at a highly accelerated rate.


						
The discovery, announced Jan. 14 at the winter meeting of the American Astronomical Society, is the most distant object detected by the NuSTAR X-ray space telescope (which launched in 2012) and stands as one of the most highly "variable" quasars ever identified.

"In this work, we have discovered that this quasar is very likely to be a supermassive black hole with a jet pointed towards Earth -- and we are seeing it in the first billion years of the universe," said Lea Marcotulli, a postdoctoral fellow in astrophysics at Yale and lead author of a new study published Jan. 14 in The Astrophysical Journal Letters.

Quasars are among the oldest, brightest objects in the universe. Formed from active galactic nuclei (AGN) -- areas at the center of galaxies where a black hole is drawing in matter -- quasars emit electromagnetic radiation that can be spotted in radio, infrared, visible, ultraviolet, X-ray, and gamma-ray wavelengths. This "visibility" has made quasars a helpful proxy for trying to understand the structure and evolution of the cosmos.

For example, astronomers look to quasars to study reionization, a period less than a billion years after the Big Bang when electrically neutral hydrogen atoms became charged and the first generation of stars lit up the universe.

"The epoch of reionization is considered the end of the universe's dark ages," said Thomas Connor, an astronomer at the Chandra X-Ray Center and co-corresponding author of the study. "The precise timeline and source class responsible for reionization are still debated, and actively accreting supermassive black holes are one proposed culprit."

For the study, the researchers compared NuSTAR observations of a distant quasar -- designated J1429+5447 -- with unrelated observations of four months earlier by the Chandra X-ray telescope. The researchers found that the quasar's X-ray emissions had doubled in that very short time (due to relativistic effects, the four months on Earth corresponded to only two weeks for the quasar).




"This level of X-ray variability, in terms of intensity and rapidity, is extreme," said Meg Urry, the Israel Munson Professor of Physics and Astronomy in Yale's Faculty of Arts and Sciences and co-author of the study. "It is almost certainly explained by a jet pointing toward us -- a cone in which particles are transported up to a million light years away from the central, supermassive black hole. Because the jet moves at nearly the speed of light, effects of Einstein's theory of special relativity speed up and amplify the variability."

The researchers said their findings offer crucial, much-needed information for astronomers studying reionization. It may also point astronomers toward other supermassive black hole candidates from the early universe.

"Finding more supermassive black holes that are potentially hosting jets raises the question as to how these black holes grew so big in such a short timescale, and what the connection may be to jet triggering mechanisms," Marcotulli said.

NASA supported the research.
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Super-Earth vs. Sub-Neptune? The winner is Super-Venus! | ScienceDaily
New observational data from the James Webb Space Telescope and simulation models have confirmed a new type of planet unlike anything found in the Solar System. This provides another piece of the puzzle to understand how planets and planetary systems form.


						
To date, more than 5000 exoplanets have been confirmed around stars other than the Sun. Many exoplanets are unlike any of the planets in the Solar System, making it difficult to guess their true natures. One of the most common types of exoplanets falls in a size range between Earth and Neptune. Astronomers have debated whether these planets are Earth-like rocky planets with thick hydrogen-rich atmospheres, or Neptune-like icy planets surrounded by water-rich atmospheres, called water worlds. Previous studies have been confounded by layers of high thick clouds, which seem to be common on this type of planet, and make it difficult to study the atmosphere below the cloud deck.

An international team of researchers led by Everett Schlawin at the University of Arizona and Steward Observatory and Kazumasa Ohno at the National Astronomical Observatory of Japan used the James Webb Space Telescope to peer through the clouds on an example of this kind of exoplanet known as GJ 1214 b. Located only 48 light years from the Solar System, in the direction of the constellation Ophiuchus, GJ 1214 b is the easiest example of this planet to study.

Instead of a hydrogen rich super-Earth, or a water world, the new data revealed concentrations of carbon-dioxide (CO2) comparable to the levels found in the dense CO2 atmosphere of Venus in the Solar System. But there were still many uncertainties in the new data. "The detected CO2 signal from the first study is tiny, and so it required careful statistical analysis to ensure that it is real," explains Ohno. "At the same time, we needed the physical and chemical insights to extract the true nature of GJ 1214 b's atmosphere from Schlawin's study." Then Ohno took the lead, using theoretical models to run a plethora of "what if" scenarios about the atmosphere of the planet. Out of all of these models, the ones which best fit the data all suggest a carbon-dominated atmosphere, like a "super-Venus."

Although fascinating, the atmospheric signature detected in this work is very small. Schlawin compares it to reading a book, "It's equivalent to Leo Tolstoy's War and Peace. If I gave you two copies and changed one sentence in one of the books, could you find that sentence?" The team stresses the need for future studies to confirm and expand their findings about this common yet mysterious type of exoplanet.
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Not all Hot Jupiters orbit solo | ScienceDaily
Hot Jupiters are giant planets initially known to orbit alone close to their star. During their migration towards their star, these planets were thought to accrete or eject any other planets present. However, this paradigm has been overturned by recent observations, and the final blow could come from a new study led by the University of Geneva (UNIGE). A team including the National Centre of Competence in Research (NCCR) PlanetS, the Universities of Bern (UNIBE) and Zurich (UZH) and several foreign universities has just announced the existence of a planetary system, WASP-132, with an unexpected architecture. It not only contains a Hot Jupiter but also an inner Super-Earth and an icy giant planet. These results are published in Astronomy & Astrophysics.


						
Hot Jupiters are planets with masses similar to that of Jupiter, but orbit close to their star, at a much smaller distance than Mercury is to the Sun. It is difficult for these giant planets to form where they are observed, because there is not enough gas and dust close to the star. They must therefore form far from it and migrate as the planetary system evolves.

Until recently, astronomers observed that Hot Jupiters were isolated around their star, with no other planets in their vicinity. This observation seemed all the more solid as there was a theory to explain it. The processes involved in the migration of giant planets towards their star lead to the accretion or ejection of any planets in an inner orbit. But recent observations suggest other scenarios.

A team led by the Astronomy Department of the UNIGE Faculty of Science, in partnership with UNIBE and UZH, as part of the NCCR PlanetS, and with other international institutions such as the University of Warwick, has just confirmed this trend. The scientists have discovered the existence of a multi-planetary system made up of a Hot Jupiter, an inner Super-Earth (even closer to the star than the hot Jupiter) and an outer massive giant planet (much further away from the star than the Hot Jupiter). If Hot Jupiters are not always alone in their planetary system, then their migration process must be different in order to preserve the architecture of the system.

A unique multi-planetary system

The WASP-132 system is a unique multi-planetary system. It contains a Hot Jupiter that orbits its star in 7 days and 3 hours; a Super-Earth (a rocky planet 6 times the mass of the Earth) that orbits the star in just 24 hours and 17 minutes; and a giant planet (5 times the mass of Jupiter) that orbits the host star in 5 years. In addition, a much more massive companion, probably a brown dwarf (a celestial body whose mass is between that of a planet and that of a star), orbits at a very long distance.

''The WASP-132 system is a remarkable laboratory for studying the formation and evolution of multi-planetary systems. The discovery of a Hot Jupiter alongside an inner Super-Earth and a distant giant planet calls into question our understanding of the formation and evolution of these systems,'' says Francois Bouchy, associate professor in the Department of Astronomy at the UNIGE Faculty of Science and co-author of the study. ''This is the first time we have observed such a configuration!,'' adds Solene Ulmer-Moll, a postdoctoral researcher at UNIGE and UNIBE at the time of the study and co-author of the paper.




Eighteen years of observation

For exoplanetologists, the story of the star WASP-132 began in 2006, as part of the Wide-Angle Search for Planets (WASP) program. In 2012, the accumulation of more than 23,000 photometric measurements made it possible to identify a planetary candidate, WASP-132b, with a radius of 0.87 times Jupiter's and an orbital period of 7.1 days. In 2014, the CORALIE spectrograph, installed on the Swiss Euler telescope and led by the UNIGE, began a campaign to monitor this candidate. In 2016, WASP-132b was confirmed and its mass was measured to be equal to 0.41 Jupiter masses. Furthermore the CORALIE measurements indicate the presence of another giant planet with a very long period.

Around the same star, at the end of 2021, the TESS space telescope revealed the signal from a transiting Super-Earth with a diameter of 1.8 Earth radii and a period of only 1.01 days. In the first half of 2022, the HARPS spectrograph at the La Silla observatory measured the mass of this Super-Earth, which is six times the mass of Earth, as part of a program led by David Armstrong from the University of Warwick.

''The detection of the inner Super-Earth was particularly exciting,'' explains Nolan Grieves, a postdoctoral researcher in the Department of Astronomy at the UNIGE Faculty of Science at the time of the study, and first author of the paper. ''We had to carry out an intensive campaign using HARPS and optimised signal processing to characterise its mass, density and composition, revealing a planet with a density similar to that of the Earth''.

Observations of WASP-132 are not over yet, however, as ESA's Gaia satellite has been measuring the minute variations in the positions of stars since 2014, with an aim to reveal their planetary companions and outer brown dwarfs.

A new understanding of planet formation

The discovery of an outer cold giant planet and an inner Super-Earth adds another layer of complexity to the WASP-132 system. The standard hypothesis of migration by dynamical perturbation of the Hot Jupiter towards the interior does not hold, as this would have destabilised the orbits of the other two planets. Instead, their presence suggests a more stable and dynamically ''cool'' migration path in a proto-planetary disc for the hot Jupiter, preserving its neighbours.

The combination of precise radius and mass measurements has also made it possible to determine the density and internal composition of the planets. The Hot Jupiter WASP-132b reveals a heavy element enrichment of around 17 Earth masses, in agreement with models of gas giant formation. The Super-Earth has a composition dominated by metals and silicates that is fairly similar to that of the Earth.

''The combination of a Hot Jupiter, an inner Super-Earth and an outer giant planet in the same system provides important constraints on theories of planet formation and in particular their migration processes,'' concludes Ravit Helled, professor at the UZH and co-author of the study. ''WASP-132 demonstrates the diversity and complexity of multi-planetary systems, underlining the need for very long-term, high-precision observations.''
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Octopus arms have segmented nervous systems to power extraordinary movements | ScienceDaily
Octopus arms move with incredible dexterity, bending, twisting, and curling with nearly infinite degrees of freedom. New research from the University of Chicago revealed that the nervous system circuitry that controls arm movement in octopuses is segmented, giving these extraordinary creatures precise control across all eight arms and hundreds of suckers to explore their environment, grasp objects, and capture prey.


						
"If you're going to have a nervous system that's controlling such dynamic movement, that's a good way to set it up," said Clifton Ragsdale, PhD, Professor of Neurobiology at UChicago and senior author of the study. "We think it's a feature that specifically evolved in soft-bodied cephalopods with suckers to carry out these worm-like movements."

The study, "Neuronal segmentation in cephalopod arms," was published January 15, 2025, in Nature Communications.

Each octopus arm has a massive nervous system, with more neurons combined across the eight arms than in the animal's brain. These neurons are concentrated in a large axial nerve cord (ANC), which snakes back and forth as it travels down the arm, every bend forming an enlargement over each sucker.

Cassady Olson, a graduate student in Computational Neuroscience who led the study, wanted to analyze the structure of the ANC and its connections to musculature in the arms of the California two-spot octopus (Octopus bimaculoides), a small species native to the Pacific Ocean off the coast of California. She and her co-author Grace Schulz, a graduate student in Development, Regeneration and Stem Cell Biology, were trying to look at thin, circular cross-sections of the arms under a microscope, but the samples kept falling off the slides. They tried lengthwise strips of the arms and had better luck, which led to an unexpected discovery.

Using cellular markers and imaging tools to trace the structure and connections from the ANC, they saw that neuronal cell bodies were packed into columns that formed segments, like a corrugated pipe. These segments are separated by gaps called septa, where nerves and blood vessels exit to nearby muscles. Nerves from multiple segments connect to different regions of muscles, suggesting the segments work together to control movement.

"Thinking about this from a modeling perspective, the best way to set up a control system for this very long, flexible arm would be to divide it into segments," Olson said. "There has to be some sort of communication between the segments, which you can imagine would help smooth out the movements."

Nerves for the suckers also exited from the ANC through these septa, systematically connecting to the outer edge of each sucker. This indicates that the nervous system sets up a spatial, or topographical, map of each sucker. Octopuses can move and change the shape of their suckers independently. The suckers are also packed with sensory receptors that allow the octopus to taste and smell things that they touch -- like combining a hand with a tongue and a nose. The researchers believe the "suckeroptopy," as they called the map, facilitates this complex sensory-motor ability.




To see if this kind of structure is common to other soft-bodied cephalopods, Olson also studied longfin inshore squid (Doryteuthis pealeii), which are common in the Atlantic Ocean. These squid have eight arms with muscles and suckers like an octopus, plus two tentacles. The tentacles have a long stalk with no suckers, with a club at the end that does have suckers. While hunting, the squid can shoot the tentacles out and grab prey with the sucker-equipped clubs.

Using the same process to study long strips of the squid tentacles, Olson saw that the ANC in the stalks with no suckers are not segmented, but the clubs at the end are segmented the same way as the octopus. This suggests that a segmented ANC is specifically built for controlling any type of dexterous, sucker-laden appendage in cephalopods. The squid tentacle clubs have fewer segments per sucker, however, likely because they do not use the suckers for sensation the same way octopuses do. Squid rely more on their vision to hunt in the open water, whereas octopuses prowl the ocean floor and use their sensitive arms as tools for exploration.

While octopuses and squid diverged from each other more than 270 million years ago, the commonalities in how they control parts of their appendages with suckers -- and differences in the parts that don't -- show how evolution always manages to find the best solution.

"Organisms with these sucker-laden appendages that have worm-like movements need the right kind of nervous system," Ragsdale said. "Different cephalopods have come up with a segmental structure, the details of which vary according to the demands of their environments and the pressures of hundreds of millions of years of evolution."
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Three tiny 'stellar-ghost-town' galaxies discovered | ScienceDaily
By combining data from the DESI Legacy Imaging Surveys and the Gemini South telescope, astronomers have investigated three ultra-faint dwarf galaxies that reside in a region of space isolated from the environmental influence of larger objects. The galaxies, located in the direction of NGC 300, were found to contain only very old stars, supporting the theory that events in the early Universe cut star formation short in the smallest galaxies.


						
Ultra-faint dwarf galaxies are the faintest type of galaxy in the Universe. Typically containing just a few hundred to a thousand stars -- compared with the hundreds of billions that make up the Milky Way -- these small diffuse structures usually hide inconspicuously among the many brighter residents of the sky. For this reason, astronomers have previously had the most luck finding them nearby, in the vicinity of our own Milky Way Galaxy.

But this presents a problem for understanding them; the Milky Way's gravitational forces and hot corona can strip away the dwarf galaxies' gas and interfere with their natural evolution. Additionally, further out beyond the Milky Way, ultra-faint dwarf galaxies increasingly become too diffuse and unresolvable for astronomers and traditional computer algorithms to detect.

That's why a manual, by-eye search by University of Arizona astronomer David Sand was needed to discover three faint and ultra-faint dwarf galaxies located in the direction of spiral galaxy NGC 300 and the Sculptor constellation. "It was during the pandemic," recalls Sand. "I was watching TV and scrolling through the DESI Legacy Survey viewer, focusing on areas of sky that I knew hadn't been searched before. It took a few hours of casual searching, and then boom! They just popped out."

The images uncovered by Sand were taken for the DECam Legacy Survey (DECaLS), one of three public surveys, known as the DESI Legacy Imaging Surveys [1], that jointly imaged 14,000 square degrees of sky to provide targets for the ongoing Dark Energy Spectroscopic Instrument (DESI) Survey. DECals was conducted using the 570-megapixel Department of Energy-fabricated Dark Energy Camera (DECam), mounted on the U.S. National Science Foundation (NSF) Victor M. Blanco 4-meter Telescope at Cerro Tololo Inter-American Observatory (CTIO) in Chile, a Program of NSF NOIRLab.

The Sculptor galaxies, as they are referred to in the paper, are among the first ultra-faint dwarf galaxies found in a pristine, isolated environment free from the influence of the Milky Way or other large structures. To investigate the galaxies further, Sand and his team used the Gemini South telescope, one half of the International Gemini Observatory, partly funded by the NSF and operated by NSF NOIRLab. The results from their study are presented in a paper appearing in The Astrophysical Journal Letters, as well as at a press conference at the AAS 245 meeting in National Harbor, Maryland.

Gemini South's Gemini Multi-Object Spectrograph (GMOS) captured all three galaxies in exquisite detail. An analysis of the data showed that they appear to be empty of gas and contain only very old stars, suggesting that their star formation was stifled a long time ago. This bolsters existing theories that ultra-faint dwarf galaxies are stellar 'ghost towns' where star formation was cut off in the early Universe.




This is exactly what astronomers would expect for such tiny objects. Gas is the crucial raw material required to coalesce and ignite the fusion of a new star. But ultra-faint dwarf galaxies just have too little gravity to hold onto this all-important ingredient, and it is easily lost when they are buffeted by the dynamic Universe they are part of.

But the Sculptor galaxies are far from any larger galaxies, meaning their gas could not have been removed by giant neighbors. An alternative explanation is an event called the Epoch of Reionization -- a period not long after the Big Bang when high-energy ultraviolet photons filled the cosmos, potentially boiling away the gas in the smallest galaxies. Another possibility is that some of the earliest stars in the dwarf galaxies underwent energetic supernova explosions, emitting ejecta at up to 35 million kilometers per hour (about 20 million miles per hour) and pushing the gas out of their own hosts from within.

If reionization is responsible, these galaxies would open a window into studying the very early Universe. "We don't know how strong or uniform this reionization effect is," explains Sand. "It could be that reionization is patchy, not occurring everywhere all at once. We've found three of these galaxies, but that isn't enough. It would be nice if we had hundreds of them. If we knew what fraction was affected by reionization, that would tell us something about the early Universe that is very difficult to probe otherwise."

"The Epoch of Reionization potentially connects the current day structure of all galaxies with the earliest formation of structure on a cosmological scale," says Martin Still, NSF program director for the International Gemini Observatory. "The DESI Legacy Surveys and detailed follow-up observations by Gemini allow scientists to perform forensic archeology to understand the nature of the Universe and how it evolved to its current state."

To speed up the search for more ultra-faint dwarf galaxies, Sand and his team are using the Sculptor galaxies to train an artificial intelligence system called a neural network to identify more. The hope is that this tool will be able to automate and accelerate discoveries, offering a much vaster dataset from which astronomers can draw stronger conclusions.

Notes

[1] The DESI Legacy Imaging Surveys data are served to the astronomical community via the Astro Data Lab at NSF NOIRLab's Community Science and Data Center (CSDC).
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Engineers develop breakthrough method for aluminum surfaces, enabling advancements in cooling, self-cleaning and anti-icing technologies | ScienceDaily
An international team of engineers has developed an innovative, scalable method for creating topography-patterned aluminum surfaces, enhancing liquid transport properties critical for applications in electronics cooling, self-cleaning technologies and anti-icing systems. The research, published recently in Langmuir and conducted by groups at Rice University and the University of Edinburgh as part of the Rice-Edinburgh Strategic Collaboration Awards program, demonstrates how cost-effective vinyl masking techniques can produce surfaces with high-resolution wettability contrast, paving the way for improved phase-change heat transfer applications.


						
The research team developed a novel technique using blade-cut vinyl masking and commercially available lacquer resin combined with scalable physical and chemical surface treatments to create patterned aluminum surfaces. These surfaces exhibit distinct wettability contrasts, significantly improving the droplet shedding during condensation. The patterns, with feature sizes as small as 1.5 mm, offer a range of wettability behaviors -- from superhydrophobic to hydrophilic -- depending on the treatment.

"This method represents an important step in tailored surface engineering," said Daniel J. Preston, assistant professor of mechanical engineering at Rice and a co-corresponding author of the paper along with Geoff Wehmeyer, assistant professor of mechanical engineering at Rice, and Daniel Orejon from the University of Edinburgh. "By enabling precise control over surface wettability and thermal properties, we are opening new doors for scalable manufacturing of advanced heat transfer surfaces."

The research employed a multistep methodology to develop and analyze the patterned aluminum surfaces. Vinyl masks were first applied to polished aluminum substrates, followed by a two-step etching process that created micro- and nanotextured zones. The team then used advanced imaging techniques to characterize the patterns' resolution and wettability properties. To evaluate performance, condensation visualization experiments demonstrated enhanced droplet shedding on the patterned surfaces compared to homogeneous ones. Additionally, thermal emissivity mapping using infrared thermography revealed significant contrasts in emissivity between smooth and textured regions, highlighting the surfaces' potential for advanced thermal management applications.

"Aluminum is widely used in thermal management devices like heat exchangers due to its high conductivity, low density and low cost," said Wehmeyer. "Our method adds a new dimension to its functionality by integrating surface patterning that is both cost-effective and scalable, allowing engineers to fine-tune the condensation heat transfer. This work brought together expertise from Edinburgh and Rice to develop and characterize these advanced surfaces."

The findings have significant implications for industries that depend on phase-change heat transfer with applications in everyday technologies. In electronics cooling, enhanced droplet shedding reduces thermal resistances associated with large droplets during condensation, which could enable new cooling strategies for data center servers or other electronic devices that rely on effective heat dissipation to prevent overheating. Tailored thermal emissivity patterns optimize heat dissipation in high-temperature environments, benefiting systems such as automotive engines and aerospace components. Additionally, superhydrophobic regions expedite water removal, preventing ice formation on critical surfaces like airplane wings, wind turbines and power lines during freezing conditions. These advancements offer practical solutions to enhance the performance and reliability of technologies people use and depend on every day.

"Traditional methods like photolithography are typically expensive and limited to small areas," Preston said. "Our technique uses affordable, accessible materials to create intricate patterns on larger surfaces, making it suitable for industrial applications and a promising technique for designing next-generation condensers and heat exchangers."

The lead authors on the work are Trevor Shimokusu (Rice mechanical engineering doctoral graduate, now a faculty member at the University of Hawaii) and Hemish Thakkar (Rice graduate with a double major in chemistry and mechanical engineering, now a doctoral student at Princeton University).

This work was supported by the Rice-Edinburgh Strategic Collaboration Award program, a NASA Space Technology Graduate Research Opportunities award and grants from the National Science Foundation.
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Songbirds socialize on the wing during migration | ScienceDaily
The night sky teems with migrating songbirds, aloft in their millions following routes etched in evolutionary time. But those flight paths may not be entirely innate, according to new research led by the University of Illinois Urbana-Champaign. Evidence from over 18,300 hours of recorded flight calls suggests songbirds may "talk" to other species as they migrate, forming social connections and -- just maybe -- exchanging information about the journey.


						
"We can't be sure what they're saying, but birds might broadcast calls during flight to signal their species, age, and sex. And we can certainly speculate that these flight calls could relate to navigation or finding suitable stopover habitat," said lead study author Benjamin Van Doren, assistant professor in the Department of Natural Resources and Environmental Sciences, part of the College of Agricultural, Consumer and Environmental Sciences at Illinois. Van Doren began this research at the Cornell Lab of Ornithology.

Work from last year by the study's co-authors at the University of Maryland Center for Environmental Science, Appalachian Laboratory suggested birds "buddy up" with other species at stopover sites during migration, but there was no evidence until now that different songbird species pair up or communicate vocally on the wing. Although Van Doren believes innate patterning and memory are still important drivers of migration behaviors, he says it's time to rethink songbird migration through a social lens.

"In recent years, there has been an increasing recognition of the importance of social information in bird migration, but scientists have mainly documented this in species that travel during the day or in family groups," he said. "The social environment also seems to be important in species like hawks and storks that form huge aggregations during their daytime migrations. Young birds learn behaviors from observing other birds and how they navigate -- and not necessarily from family."

But those visual cues go dark at night, when most songbirds travel. That's what led Van Doren to wonder about other social cues. Fortunately, he had access to acoustic recordings of autumn nocturnal bird migrations from 26 sites over three years in eastern North America.

"These nocturnal acoustic recordings are really the only window onto this unseen but absolutely massive flow of birds -- hundreds of millions aloft over the U.S. on any given night during migration," Van Doren said. "It's something people aren't usually aware of because it happens when we're sleeping."

The 18,300-hour acoustic record would have been a processing and analytical nightmare before AI. Now, a machine learning tool allowed Van Doren's team to quickly detect the signature flight calls of 27 species, including 25 well-sampled songbirds.




After identifying species, the team measured how often certain calls co-occurred in time, testing intervals of 15, 30, and 60 seconds. Regardless of the time interval, they found stronger associations between species than expected by chance alone.

Looking to explain these associations, the found species' wing lengths and the similarity of their calls were the most important factors. In contrast, birds that "buddy up" during stopovers weren't maintaining those relationships in the air, and they weren't necessarily flying with closely related species or birds that shared their preferences for specific habitats.

"Species with similar wing sizes were more likely to associate, and wing length is directly linked to flight speed. If you imagine two species flying at similar speeds because they have similar wings, then it's much easier for them to stick together," Van Doren said. "As for vocalizations, it is possible that species' calls have converged over time because of this social link or that species that happen to give similar calls are simply more likely to gravitate towards each other."

Van Doren notes that 25 is a small subset of the songbird species migrating at night, some of which don't vocalize at all during flight. He and his team plan to follow up with more research, including attaching tiny microphones to individual birds and tracking their "conversations" with flight partners throughout their migrations.

Still, these preliminary results raise many intriguing, if speculative, notions. For example, short-lived songbird species who can't rely on their parents to show them the way may instead rely on social ties with others to make the trek. Also, the precipitous loss of bird biodiversity with climate change and habitat loss may jeopardize partner species that co-migrate.

"This study really calls into question the long-held idea that songbirds migrate alone, solely following their own instincts," Van Doren said. "Learning more about the consequences of these social connections -- not only for migration, but also for other aspects of their biology -- will be important to inform and manage the risks they face in a changing world."
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Ancient genomes reveal an Iron Age society centred on women | ScienceDaily
An international team of geneticists, led by those from Trinity College Dublin, has joined forces with archaeologists from Bournemouth University to decipher the structure of British Iron Age society, finding evidence of female political and social empowerment.


						
The researchers seized upon a rare opportunity to sequence DNA from many members of a single community. They retrieved over 50 ancient genomes from a set of burial grounds in Dorset, southern England, in use before and after the Roman Conquest of AD 43. The results revealed that this community was centred around bonds of female-line descent.

Dr Lara Cassidy, Assistant Professor in Trinity's Department of Genetics, led the study that has been published in leading international journal Nature today. She said: "This was the cemetery of a large kin group. We reconstructed a family tree with many different branches and found most members traced their maternal lineage back to a single woman, who would have lived centuries before. In contrast, relationships through the father's line were almost absent.

"This tells us that husbands moved to join their wives' communities upon marriage, with land potentially passed down through the female line. This is the first time this type of system has been documented in European prehistory and it predicts female social and political empowerment.

"It's relatively rare in modern societies, but this might not always have been the case."

Incredibly, the team found that this type of social organisation, termed "matrilocality," was not just restricted to Dorset. They sifted through data from prior genetic surveys of Iron Age Britain and, although sample numbers from other cemeteries were smaller, they saw the same pattern emerge again and again.

Dan Bradley, Professor of Population Genetics in Trinity's Department of Genetics, and a co-author of the study, added: "Across Britain we saw cemeteries where most individuals were maternally descended from a small set of female ancestors. In Yorkshire, for example, one dominant matriline had been established before 400 BC. To our surprise, this was a widespread phenomenon with deep roots on the island."

Iron Age cemeteries with well-preserved burials are rare in Britain. Dorset is an exception, due to the unique burial customs of the people who lived there, named as the "Durotriges" by the Romans. The researchers sampled DNA from a site near the village of Winterborne Kingston, nicknamed "Duropolis," which archaeologists from Bournemouth University have been excavating since 2009. Previously, the team had observed the more richly furnished Durotrigan burials to be those of women.




Dr Miles Russell, the excavation's director and co-author on the study, commented: "Beyond archaeology, knowledge of Iron Age Britain has come primarily from the Greek and Roman writers, but they are not always considered the most trustworthy. That said, their commentary on British women is remarkable in light of these findings. When the Romans arrived, they were astonished to find women occupying positions of power. Two of the earliest recorded rulers were queens -- Boudica and Cartimandua -- who commanded armies.

"It's been suggested that the Romans exaggerated the liberties of British women to paint a picture of an untamed society. But archaeology, and now genetics, implies women were influential in many spheres of Iron Age life. Indeed, it is possible that maternal ancestry was the primary shaper of group identities."

Anthropologist Dr Martin Smith, one of the project's bone specialists, added: "These results give us a whole new way of looking at the burials we are uncovering with our students. Rather than simply seeing a set of skeletons, hidden aspects of these people's lives and identities come into view as mothers, husbands, daughters and so on. We also see these folk had deep knowledge of their own ancestry -- multiple marriages between distant branches of this family occurred and were possibly favoured, but close inbreeding was avoided."

Echoing the writings of Julius Caesar, the researchers further uncovered a footprint of Iron Age migration into coastal southern England, which had gone undetected in prior genetic studies. This will add more fuel to debates surrounding the arrival of Celtic language in Britain.

Dr Cassidy explained: "Migration into Britain during the later Bronze Age has previously been detected, leading some to hypothesise that Celtic language arrived during this period. But our results point towards substantial cross-channel mobility during the Iron Age as well. Narrowing down the arrival time of Celtic will be difficult. Indeed, it is quite possible that Celtic languages were introduced to Britain on more than one occasion."
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This metaphorical cat is both dead and alive -- and it will help quantum engineers detect computing errors | ScienceDaily
UNSW engineers have demonstrated a well-known quantum thought experiment in the real world. Their findings deliver a new and more robust way to perform quantum computations -- and they have important implications for error correction, one of the biggest obstacles standing between them and a working quantum computer.


						
Quantum mechanics has puzzled scientists and philosophers for more than a century. One of the most famous quantum thought experiments is that of the "Schrodinger's cat" -- a cat whose life or death depends on the decay of a radioactive atom.

According to quantum mechanics, unless the atom is directly observed, it must be considered to be in a superposition -- that is, being in multiple states at the same time -- of decayed and not decayed. This leads to the troubling conclusion that the cat is in a superposition of dead and alive.

"No one has ever seen an actual cat in a state of being both dead and alive at the same time, but people use the Schrodinger's cat metaphor to describe a superposition of quantum states that differ by a large amount," says UNSW Professor Andrea Morello, leader of the team that conducted the research, published recently in the journal Nature Physics.

Atomic cat

For this research paper, Prof. Morello's team used an atom of antimony, which is much more complex than standard 'qubits', or quantum building blocks.

"In our work, the 'cat' is an atom of antimony," says Xi Yu, lead author of the paper.




"Antimony is a heavy atom, which possesses a large nuclear spin, meaning a large magnetic dipole. The spin of antimony can take eight different directions, instead of just two. This may not seem much, but in fact it completely changes the behaviour of the system. A superposition of the antimony spin pointing in opposite directions is not just a superposition of 'up' and 'down', because there are multiple quantum states separating the two branches of the superposition."

This has profound consequences for scientists working on building a quantum computer using the nuclear spin of an atom as the basic building block.

"Normally, people use a quantum bit, or 'qubit' -- an object described by only two quantum states -- as the basic unit of quantum information," says co-author Benjamin Wilhelm.

"If the qubit is a spin, we can call 'spin down' the '0' state, and 'spin up' the '1' state. But if the direction of the spin suddenly changes, we have immediately a logical error: 0 turns to 1 or vice versa, in just one go. This is why quantum information is so fragile."

But in the antimony atom that has eight different spin directions, if the '0' is encoded as a 'dead cat', and the '1' as an 'alive cat', a single error is not enough to scramble the quantum code.

"As the proverb goes, a cat has nine lives. One little scratch is not enough to kill it. Our metaphorical 'cat' has seven lives: it would take seven consecutive errors to turn the '0' into a '1'! This is the sense in which the superposition of antimony spin states in opposite directions is 'macroscopic' -- because it's happening on a larger scale, and realises a Schrodinger cat," explains Yu.




Scalable technology

The antimony cat is embedded inside a silicon quantum chip, similar to the ones we have in our computers and mobile phones, but adapted to give access to the quantum state of a single atom. The chip was fabricated by UNSW's Dr Danielle Holmes, while the atom of antimony was inserted in the chip by colleagues at the University of Melbourne.

"By hosting the atomic 'Schrodinger cat' inside a silicon chip, we gain an exquisite control over its quantum state -- or, if you wish, over its life and death," says Dr Holmes.

"Moreover, hosting the 'cat' in silicon means that, in the long term, this technology can be scaled up using similar methods as those we already adopt to build the computer chips we have today."

The significance of this breakthrough is that it opens the door to a new way to perform quantum computations. The information is still encoded in binary code, '0' or '1', but there is more 'room for error' between the logical codes.

"A single, or even a few errors, do not immediately scramble the information," Prof. Morello says.

"If an error occurs, we detect it straight away, and we can correct it before further errors accumulate. To continue the 'Schrodinger cat' metaphor, it's as if we saw our cat coming home with a big scratch on his face. He's far from dead, but we know that he got into a fight; we can go and find who caused the fight, before it happens again and our cat gets further injuries."

The demonstration of quantum error detection and correction -- a 'Holy Grail' in quantum computing -- is the next milestone that the team will address.

The work was the result of a vast international collaboration. Several authors from UNSW Sydney, plus colleagues at the University of Melbourne, fabricated and operated the quantum devices. Theory collaborators in the USA, at Sandia National Laboratories and NASA Ames, and Canada, at the University of Calgary, provided precious ideas on how to create the cat, and how to assess its complicated quantum state.

"This work is a wonderful example of open-borders collaboration between world-leading teams with complementary expertise," says Prof. Morello.
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World's oldest 3D map discovered | ScienceDaily
Researchers have discovered what may be the world's oldest three-dimensional map, located within a quartzitic sandstone megaclast in the Paris Basin.


						
The Segognole 3 rock shelter, known since the 1980s for its artistic engravings of two horses in a Late Palaeolithic style on either side of a female pubic figuration, has now been revealed to contain a miniature representation of the surrounding landscape.

Dr Anthony Milnes from the University of Adelaide's School of Physics, Chemistry and Earth Sciences, participated in the research led by Dr Medard Thiry from the Mines Paris -- PSL Centre of Geosciences.

Dr Thiry's earlier research, following his first visit to the site in 2017, established that Palaeolithic people had "worked" the sandstone in a way that mirrored the female form, and opened fractures for infiltrating water into the sandstone that nourished an outflow at the base of the pelvic triangle.

New research suggests that part of the floor of the sandstone shelter which was shaped and adapted by Palaeolithic people around 13,000 years ago was modelled to reflect the region's natural water flows and geomorphological features.

"What we've described is not a map as we understand it today -- with distances, directions, and travel times -- but rather a three-dimensional miniature depicting the functioning of a landscape, with runoff from highlands into streams and rivers, the convergence of valleys, and the downstream formation of lakes and swamps," Dr Milnes explains.

"For Palaeolithic peoples, the direction of water flows and the recognition of landscape features were likely more important than modern concepts like distance and time.




"Our study demonstrates that human modifications to the hydraulic behaviour in and around the shelter extended to modelling natural water flows in the landscape in the region around the rock shelter. These are exceptional findings and clearly show the mental capacity, imagination and engineering capability of our distant ancestors."

Thanks to his extensive research on the origins of Fontainebleau sandstone, Dr Thiry recognised several fine-scale morphological features that could not have formed naturally, suggesting they were modified by early humans.

"Our research showed that Palaeolithic humans sculpted the sandstone to promote specific flow paths for infiltrating and directing rainwater which is something that had never been recognised by archaeologists," Thiry says.

"The fittings probably have a much deeper, mythical meaning, related to water. The two hydraulic installations -- that of the sexual figuration and that of the miniature landscape -- are two to three metres from each other and are sure to relay a profound meaning of conception of life and nature, which will never be accessible to us."

Milnes and Thiry's latest study, published in Oxford Journal of Archaeology, discovered the presence of three-dimensional modelling by closely examining fine-scale geomorphological features.

"This completely new discovery offers a better understanding and insight into the capacity of these early humans," Thiry says.




Before this discovery, the oldest known three-dimensional map was understood to be a large portable rock slab engraved by people of the Bronze Age around 3000 years ago. This map depicted a local river network and earth mounds, reflecting a more modern map concept used for navigation.

Dr Milnes says that collaborating across disciplines -- such as archaeology, geology and geomorphology -- is vital in science.

"We believe the most productive research outcomes are found at the boundaries between disciplines," Dr Milnes says.

"Re-evaluating field studies and conducting frequent site visits are important. It's clear from our ongoing project that insights and interpretations do not appear immediately but emerge through new observations and interdisciplinary discussions," Dr Thiry suggests.
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Hubble reveals surprising spiral shape of galaxy hosting young jet | ScienceDaily
The night sky has always played a crucial role in navigation, from early ocean crossings to modern GPS. Besides stars, the United States Navy uses quasars as beacons. Quasars are distant galaxies with supermassive black holes, surrounded by brilliantly hot disks of swirling gas that can blast off jets of material. Following up on the groundbreaking 2020 discovery of newborn jets in a number of quasars, aspiring naval officer Olivia Achenbach of the United States Naval Academy has used NASA's Hubble Space Telescope to reveal surprising properties of one of them, quasar J0742+2704.


						
"The biggest surprise was seeing the distinct spiral shape in the Hubble Space Telescope images. At first I was worried I had made an error," said Achenbach, who made the discovery during the course of a four-week internship.

"We typically see quasars as older galaxies that have grown very massive, along with their central black holes, after going through messy mergers and have come out with an elliptical shape," said astronomer Kristina Nyland of the Naval Research Laboratory, Achenbach's adviser on the research.

"It's extremely rare and exciting to find a quasar-hosting galaxy with spiral arms and a black hole that is more than 400 million times the mass of the Sun -- which is pretty big -- plus young jets that weren't detectable 20 years ago," Nyland said.

The unusual quasar takes its place amid an active debate in the astronomy community over what triggers quasar jets, which can be significant in the evolution of galaxies, as the jets can suppress star formation. Some astronomers suspect that quasar jets are triggered by major galaxy mergers, as the material from two or more galaxies mashes together, and heated gas is funneled toward merged black holes. Spiral galaxy quasars like J0742+2704, however, suggest that there may be other pathways for jet formation.

While J0742+2704 has maintained its spiral shape, the Hubble image does show intriguing signs of its potential interaction with other galaxies. One of its arms shows distortion, possibly a tidal tail.

"Clearly there is something interesting going on. While the quasar has not experienced a major disruptive merger, it may be interacting with another galaxy, which is gravitationally tugging at its spiral arm," said Nyland.

Another galaxy that appears nearby in the Hubble image (though its location still needs to be spectroscopically confirmed) has a ring structure. This rare shape can occur after a galaxy interaction in which a smaller galaxy punches through the center of a spiral galaxy. "The ring galaxy near the quasar host galaxy could be an intriguing clue as to what is happening in this system. We may be witnessing the aftermath of the interaction that triggered this young quasar jet," said Nyland.

Both Achenbach and Nyland emphasize that this intriguing discovery is really a new starting point, and there will be additional multi-wavelength analysis of J0742+2704 with data from NASA's Chandra X-ray Observatory and the Atacama Large Millimeter/submillimeter Array (ALMA) in Chile. It's also a case for keeping our eyes on the skies, said Achenbach.

"If we looked at this galaxy 20 years, or maybe even a decade ago, we would have seen a fairly average quasar and never known it would eventually be home to newborn jets," said Achenbach. "It goes to show that if you keep searching, you can find something remarkable that you never expected, and it can send you in a whole new direction of discovery."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250113161127.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



NASA's Hubble tracks down a 'blue lurker' among stars | ScienceDaily
The name "blue lurker" might sound like a villainous character from a superhero movie. But it is a rare class of star that NASA's Hubble Space Telescope explored by looking deeply into the open star cluster M67, roughly 2,800 light-years away.


						
Forensics with Hubble data show that the star has had a tumultuous life, mixing with two other stars gravitationally bound together in a remarkable triple-star system. The star has a kinship to so-called "blue stragglers," which are hotter, brighter, and bluer than expected because they are likely the result of mergers between stars.

The blue lurker is spinning much faster than expected, an unusual behavior that led to its identification. Otherwise it looks like a normal Sun-like star. The term "blue" is a bit of a misnomer because the star's color blends in with all the other solar-mass stars in the cluster. Hence it is sort of "lurking" among the common stellar population.

The spin rate is evidence that the lurker must have siphoned in material from a companion star, causing its rotation to speed up. The star's high spin rate was discovered with NASA's retired Kepler space telescope. While normal Sun-like stars typically take about 30 days to complete one rotation, the lurker takes only four days.

How the blue lurker got that way is a "super complicated evolutionary story," said Emily Leiner of Illinois Institute of Technology in Chicago. "This star is really exciting because it's an example of a star that has interacted in a triple-star system." The blue lurker originally rotated more slowly and orbited a binary system consisting of two Sun-like stars.

Around 500 million years ago, the two stars in that binary merged, creating a single, much more massive star. This behemoth soon swelled into a giant star, dumping some of its own material onto the blue lurker and spinning it up in the process. Today, we observe that the blue lurker is orbiting a white dwarf star -- the burned out remains of the massive merger.

"We know these multiple star systems are fairly common and are going to lead to really interesting outcomes," Leiner explained. "We just don't yet have a model that can reliably connect through all of those stages of evolution. Triple-star systems are about 10 percent of the Sun-like star population. But being able to put together this evolutionary history is challenging."

Hubble observed the white dwarf companion star that the lurker orbits. Using ultraviolet spectroscopy, Hubble found the white dwarf is very hot (as high as 23,000 degrees Fahrenheit, or roughly three times the Sun's surface temperature) and a heavyweight at 0.72 solar masses. According to theory, hot white dwarfs in M67 should be only about 0.5 solar masses. This is evidence that the white dwarf is the byproduct of the merger of two stars that once were part of a triple-star system.

"This is one of the only triple systems where we can tell a story this detailed about how it evolved," said Leiner. "Triples are emerging as potentially very important to creating interesting, explosive end products. It's really unusual to be able to put constraints on such a system as we are exploring."

Leiner's results are being presented at the 245th meeting of the American Astronomical Society in Washington, D.C.
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Atop the Oregon Cascades, team finds a huge buried aquifer | ScienceDaily
Oregon's Cascade Range mountains might not hold gold, but they store another precious resource in abundance: water.


						
Scientists from the University of Oregon and their partners have mapped the amount of water stored beneath volcanic rocks at the crest of the central Oregon Cascades and found an aquifer many times larger than previously estimated -- at least 81 cubic kilometers.

That's almost three times the maximum capacity of Lake Mead, the currently overdrawn reservoir along the Colorado River that supplies water to California, Arizona and Nevada, and greater than half the volume of Lake Tahoe.

The finding has implications for the way scientists and policymakers think about water in the region -- an increasingly urgent issue across the Western United States as climate change reduces snowpack, intensifies drought and strains limited resources.

It also shapes our understanding of volcanic hazards in the area. Magma interacting with lots of water often leads to explosive eruptions that blast ash and gas into the air, rather than eruptions with slower-moving lava flows.

"It is a continental-size lake stored in the rocks at the top of the mountains, like a big water tower," said Leif Karlstrom, a UO earth scientist who led the study alongside collaborators from Oregon State University, Fort Lewis College, Duke University, the University of Wisconsin, the U.S. Forest Service and the U.S. Geological Survey.

"That there are similar large volcanic aquifers north of the Columbia Gorge and near Mount Shasta likely make the Cascade Range the largest aquifer of its kind in the world."

The team reported the findings in a paper published Jan. 13 in the journal Proceedings of the National Academy of Sciences.




Most Oregonians rely on water that originates from the Cascades. For example, the McKenzie River, which supplies most of Eugene's drinking water, begins high in the mountains at the spring-fed Clear Lake. But the discovery of this underground aquifer's size was a surprise.

"We initially set out to better understand how the Cascade landscape has evolved over time, and how water moves through it," said study co-author Gordon Grant, a geologist with the Forest Service. "But in conducting this basic research, we discovered important things that people care about: the incredible volume of water in active storage in the Cascades and also how the movement of water and the hazards posed by volcanoes are linked together."

The western Cascades are characterized by steep slopes and deep valleys carved out by rivers. The high Cascades, meanwhile, are flatter, dotted with lakes and volcanic topography such as lava flows. The Cascade Range has been built up by volcanic activity over millions of years, making the exposed rocks in the high Cascades much younger than those in the western Cascades.

As a result, the transition zone between the western Cascades and the high Cascades around Santiam Pass is a natural laboratory for understanding how volcanoes have shaped Oregon's landscape.

"What motivates our work is that it's not just how these landscapes look different topographically. It's that water moves through them in really different ways," Karlstrom said.

To better understand the flow of water through different volcanic zones, the team took advantage of projects begun in the 1980s and 90s. Past scientists had drilled deep into the ground and measured temperatures at different depths as part of the search for geothermal energy resources associated with the many hot springs that pepper the Cascades landscape.




Normally, rocks get hotter as you go deeper into the earth. But water percolating downward disrupts the temperature gradient, making rocks a kilometer deep the same temperature as rocks at the surface.

By analyzing where the temperature starts to pick up again in these deep drill holes, Karlstrom and his colleagues could infer how deeply groundwater was infiltrating through cracks in the volcanic rocks. That allowed them to map the volume of the aquifer.

Previous estimates of water availability in the Cascades took the springs at face value, measuring river and stream discharge. Instead, Karlstrom and his colleagues went deeper -- literally. But since those holes weren't originally drilled with the intent of mapping groundwater, they don't cover every area where one might like to collect such data. So the new estimate of the size of the aquifer is a lower bound, and the actual volume might be even bigger still.

While it's encouraging news that the aquifer is so much larger than previously believed, Karlstrom cautions that it's still a limited resource that must be carefully stewarded and needs further study.

"It is a big, active groundwater reservoir up there right now, but its longevity and resilience to change is set by the availability of recharging waters," he said.

The aquifer is largely replenished by snow, and snowpack in the high Cascades is expected to rapidly decrease in the coming decades. More precipitation is expected to fall as rain, which may impact the amount of recharge feeding the high Cascade aquifer. And while it's likely resilient to small year-to-year fluctuations, many years in a row of low rainfall or no snowpack would probably be a different story.

"This region has been handed a geological gift, but we really are only beginning to understand it," Grant said. "If we don't have any snow, or if we have a run of bad winters where we don't get any rain, what's that going to mean? Those are the key questions we're now having to focus on."

This research was supported by the National Science Foundation and the U.S. Forest Service.
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DNA nanorobots can alter artificial cells | ScienceDaily
Scientists at the University of Stuttgart have succeeded in controlling the structure and function of biological membranes with the help of "DNA origami." The system they developed may facilitate the transportation of large therapeutic loads into cells. This opens up a new way for the targeted administration of medication and other therapeutic interventions. Thus, a very valuable instrument can be added to the toolbox of synthetic biology. Prof. Laura Na Liu and her team published their findings in the journal Nature Materials.


						
The shape and morphology of a cell play a key role in the biological function. This corresponds to the principle of "form follows function," which is common in modern fields of design and architecture. The transfer of this principle to artificial cells is a challenge in synthetic biology. Advances in DNA nanotechnology now offer promising solutions. They allow the creation of novel transport channels that are large enough to facilitate the passage of therapeutic proteins across cell membranes. In this emerging field, scientists such as Prof. Laura Na Liu, Director of the 2nd Physics Institute at the University of Stuttgart and Fellow at the Max Planck Institute for Solid State Research (MPI-FKF), have developed an innovative tool for controlling the shape and permeability of lipid membranes in synthetic cells. These membranes are made up of lipid bilayers that enclose an aqueous compartment and serve as simplified models of biological membranes. They are useful for studying membrane dynamics, protein interactions, and lipid behavior.

A milestone in the application of DNA nanotechnology

This new tool may pave the way for the creation of functional synthetic cells. The scientific work of Laura Na Liu aims to significantly influence the research and development of new therapies. Liu and her team have succeeded in using signal-dependent DNA nanorobots to enable programmable interactions with synthetic cells. "This work is a milestone in the application of DNA nanotechnology to regulate cell behavior," Liu says. The team works with giant unilamellar vesicles (GUVs), which are simple, cell-sized structures that mimic living cells. Using DNA nanorobots, the researchers were able to influence the shape and functionality of these synthetic cells.

New transport channels for proteins and enzymes

DNA nanotechnology is one of Laura Na Liu's main research areas. She is an expert in DNA origami structures -- DNA strands that are folded by means of specifically designed shorter DNA sequences, so-called staples. The team of Liu used DNA origami structures as reconfigurable nanorobots that can reversibly change their shape and thereby influence their immediate environment in the micrometer range. The researchers found that the transformation of these DNA nanorobots can be coupled with the deformation of the GUVs and the formation of synthetic channels in the model GUV membranes. These channels allowed large molecules to pass through the membrane and can be resealed if necessary.

Fully artificial DNA structures for biological environments

"This means that we can use DNA nanorobots to design the shape and configuration of GUVs to enable the formation of transport channels in the membrane," says Prof. Stephan Nussberger, who is a co-author of this work. "It is extremely exciting that the functional mechanism of the DNA nanorobots on GUVs has no direct biological equivalent in living cells," adds Nussberger.




The new work raises new questions: Could synthetic platforms -- such as DNA nanorobots -- be designed with less complexity than their biological counterparts, which would nevertheless function in a biological environment?

Understanding disease mechanisms and improving therapies

The new study is an important step in this direction. The system of cross-membrane channels, created by DNA nanorobots, allows an efficient passage of certain molecules and substances into the cells. Most importantly, these channels are large and can be programmed to close when needed. When applied to living cells, this system can facilitate the transportation of therapeutic proteins or enzymes to their targets in the cell. It thus offers new possibilities for the administration of drugs and other therapeutic interventions. "Our approach opens up new possibilities to mimic the behavior of living cells. This progress could be crucial for future therapeutic strategies," says Prof. Hao Yan, one of the co-authors of this work.
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New study unveils breakthrough in understanding cosmic particle accelerators | ScienceDaily
Scientists have come a step closer to understanding how collisionless shock waves -- found throughout the universe -- are able to accelerate particles to extreme speeds.


						
These shock waves are one of nature's most powerful particle accelerators and have long intrigued scientists for the role they play in producing cosmic rays -- high-energy particles that travel across vast distances in space.

The research, published today in Nature Communications, combines satellite observations from NASA's MMS (Magnetospheric Multiscale) and THEMIS/ARTEMIS missions with recent theoretical advancements, offering a comprehensive new model to explain the acceleration of electrons in collisionless shock environments.

The paper, 'Revealing an Unexpectedly Low Electron Injection Threshold via Reinforced Shock Acceleration', was written by a team of international academics, led by Dr Savvas Raptis of The Johns Hopkins University Applied Physics Laboratory, in the USA, and in collaboration with Northumbria University's Dr Ahmad Lalti.

This research addresses a long-standing puzzle in astrophysics -- how electrons reach extremely high, or relativistic, energy levels.

For decades, scientists have been trying to answer a crucial question in space physics: What processes allow electrons to be accelerated to relativistic speeds?

The main mechanism to explain acceleration of electrons to relativistic energies is called Fermi acceleration or Diffusive Shock Acceleration (DSA). However, this mechanism requires electrons to be initially energized to a specific threshold energy before getting efficiently accelerated by DSA. Trying to address how electrons achieve this initial energy is known as 'the injection problem'.




This new study provides key insights into the electron injection problem, showing that electrons can be accelerated to high energies through the interaction of various processes across multiple scales.

Using real-time data from the MMS mission, which measures the interaction of Earth's magnetosphere with the solar wind, and the THEMIS/ARTEMIS mission, which studies the upstream plasma environment near the Moon, the research team observed a large scale, time dependent (i.e. transient) phenomenon, upstream of Earth's bow shock, on December 17, 2017.

During this event, electrons in Earth's foreshock region -- an area where the solar wind is predisturbed by its interaction with the bow shock -- reached unprecedented energy levels, surpassing 500 keV.

This is a striking result given that electrons observed in the foreshock region are typically found at energies ~1 keV.

This research suggests that these high-energy electrons were generated by the complex interplay of multiple acceleration mechanisms, including the interaction of electrons with various plasma waves, transient structures in the foreshock, and Earth's bow shock.

All of those mechanisms act together to accelerate electrons from low energies ~ 1keV up to relativistic energies reaching the observed 500 keV, resulting in a particularly efficient electron acceleration process.




By refining the shock acceleration model, this study provides new insight into the workings of space plasmas and the fundamental processes that govern energy transfer in the universe.

As a result, the research opens new pathways for understanding cosmic ray generation and offers a glimpse into how phenomena within our solar system can guide us to understand astrophysical processes throughout the Universe.

Dr. Raptis believes that studying phenomena across different scales is crucial for understanding nature. "Most of our research focuses on either small-scale effects, like wave-particle interactions, or large-scale properties, like the influence of solar wind," he says.

"However, as we demonstrated in this work, by combining phenomena across different scales, we were able to observe their interplay that ultimately energize particles in space."

Dr Ahmad Lalti added: "One of the most effective ways to deepen our understanding of the universe we live in is by using our near-Earth plasma environment as a natural laboratory.

"In this work, we use in-situ observation from MMS and THEMIS/ARTEMIS to show how different fundamental plasma processes at different scales work in concert to energize electrons from low energies up to high relativistic energies.

"Those fundamental processes are not restricted to our solar system and are expected to occur across the universe.

"This makes our proposed framework relevant for better understanding electron acceleration up to cosmic-ray energies at astrophysical structures light-years away from our solar system, such as at other stellar systems, supernovae remnants, and active galactic nuclei."
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Chornobyl dogs' genetic differences not due to mutation | ScienceDaily
Radiation-induced mutation is unlikely to have induced genetic differences between dog populations in Chornobyl City and the nearby Chornobyl Nuclear Power Plant (NPP), according to a new study in PLOS ONE from North Carolina State University and Columbia University Mailman School of Public Health. The study has implications for understanding the effects of environmental contamination on populations over time.


						
"We have been working with two dog populations that, while separated by just 16 kilometers, or about 10 miles, are genetically distinct," says Matthew Breen, Oscar J. Fletcher Distinguished Professor of Comparative Oncology Genetics at NC State. "We are trying to determine if low-level exposure over many years to environmental toxins such as radiation, lead, etcetera, could explain some of those differences." Breen is the corresponding author of the study.

Previously, the team had analyzed genetic variants distributed across the genome and identified 391 outlier regions in the dogs that differed between the two populations. Some of these regions contained genes associated specifically with repair of DNA damage. In this new study, the researchers conducted a deeper dive into the genomes of the dogs to detect evidence of mutations that may have accumulated over time.

"First, we contextualized the level of genetic differences between two dog populations, which indicated that the genetics of Chornobyl City dogs were very similar to dog populations in Russia, Poland and the surrounding areas," says Megan Dillon, Ph.D. candidate at NC State and lead author of the study. "That way, we were able to use the Chornobyl City dogs as a representative control population to compare with the NPP dogs."

The researchers started to look for differences first at the chromosomal level, then at small genome intervals, and then at differences in single nucleotides. The team was looking for abnormalities and evidence of accumulated germ line DNA mutations, changes that occur in DNA of reproductive cells and are passed down from parent to offspring over time.

"Think of it like using the zoom function on your phone's camera to get more details -- we start with a wide view of a subject and then zoom in," Breen says. "We know that, for example, exposure to high doses of radiation can introduce instability from the chromosomal level on down. While this dog population is 30 or more generations removed from the one present during the 1986 disaster, mutations would likely still be detectable if they conferred a survival advantage to those original dogs. But we didn't find any such evidence in these dogs."

While no evidence of genetic mutation was found, the researchers add that it doesn't rule out the role of selective pressures in explaining the differences between the two dog populations.




"In human terms, this would be like studying a population that is centuries removed from the one present at the time of the disaster," Dillon says. "It's possible that the dogs that survived long enough to breed already had genetic traits that increased their ability to survive. So perhaps there was extreme selective pressure at the start, and then the dogs at the power plant just remained separate from the city population. Investigating that question is an important next step that we are now working on."

The researchers point out that these findings are merely part of the bigger picture of the role that adverse environmental exposures can play in canine -- and human -- health.

"Most people think of the Chornobyl nuclear accident as a radiological disaster in an abandoned corner of Ukraine, but the potential adverse health implications are much wider," says Norman Kleiman, co-author and professor of environmental health sciences at the Columbia University School of Public Health. "This is due to the many other toxins -- including heavy metals, lead powder, pesticides, and asbestos -- released into the environment during the ensuing cleanup and remediation over three decades.

"While noone lives at the NPP or in Pripyat anymore, up until the Russian invasion many thousands of people continued to work there every day on remediation and construction projects nearby," Kleiman says. "Studying companion animals like these dogs offers a window into the kinds of adverse health risks that people may face."

In addition to looking at the genetics of the dogs, the team also recently identified differences in ticks recovered from the dogs at the power plant and Chornobyl City and the prevalence of the pathogens they transmit. These results, published in the journal Parasites and Vectors, may reflect differential exposures to both ticks and microbes at the two locations.

"The importance of continuing to study the environmental health aspects of large-scale disasters like this cannot be overemphasized," Kleiman said, "as it is certain, given our increasingly technological and industrial societies, there will invariably be other such disasters in the future, and we need to understand the potential health risks and how best to protect people."

Allison Dickey, research scholar at NC State; Reade Roberts, associate professor of biological sciences at NC State; Jennifer Betz, veterinarian with Visiting Veterinarians International; and Timothy Mousseau, professor of biological sciences at the University of South Carolina, co-authored the work.
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X-ray flashes from a nearby supermassive black hole accelerate mysteriously | ScienceDaily
One supermassive black hole has kept astronomers glued to their scopes for the last several years. First came a surprise disappearance, and now, a precarious spinning act.


						
The black hole in question is 1ES 1927+654, which is about as massive as a million suns and sits in a galaxy that is 100 million light-years away. In 2018, astronomers at MIT and elsewhere observed that the black hole's corona -- a cloud of whirling, white-hot plasma -- suddenly disappeared, before reassembling months later. The brief though dramatic shut-off was a first in black hole astronomy.

Members of the MIT team have now caught the same black hole exhibiting more unprecedented behavior.

The astronomers have detected flashes of X-rays coming from the black hole at a steadily increasing clip. Over a period of two years, the flashes, at millihertz oscillations, increased in frequency from every 18 minutes to every seven minutes. This dramatic speed-up in X-rays has not been seen from a black hole until now.

The researchers explored a number of scenarios for what might explain the flashes. They believe the most likely culprit is a spinning white dwarf -- an extremely compact core of a dead star that is orbiting around the black hole and getting precariously closer to its event horizon, the boundary beyond which nothing can escape the black hole's gravitational pull. If this is the case, the white dwarf must be pulling off an impressive balancing act, as it could be coming right up to the black hole's edge without actually falling in.

"This would be the closest thing that we know of around any black hole," says Megan Masterson, a graduate student in physics at MIT, who co-led the discovery. "This tells us that objects like white dwarfs may be able to live very close to an event horizon for a relatively extended period of time."

The researchers present their findings today at the 245th meeting of the American Astronomical Society in National Harbor, Maryland.




If a white dwarf is at the root of the black hole's mysterious flashing, it would also give off gravitational waves, in a range that would be detectable by next-generation observatories such as NASA's Laser Interferometer Space Antenna (LISA).

"These new detectors are designed to detect oscillations on the scale of minutes, so this black hole system is in that sweet spot," says co-author Erin Kara, associate professor of physics at MIT.

The study's other co-authors include MIT Kavli members Christos Panagiotou, Joheen Chakraborty, Kevin Burdge, Riccardo Arcodia, Ronald Remillard, and Jingyi Wang, along with collaborators from multiple other institutions.

Nothing normal

Kara and Masterson were part of the team that observed 1ES 1927+654 in 2018, as the black hole's corona went dark, then slowly rebuilt itself over time. For a while, the newly reformed corona -- a cloud of highly energetic plasma and X-rays -- was the brightest X-ray-emitting object in the sky.

"It was still extremely bright, though it wasn't doing anything new for a couple years and was kind of gurgling along. But we felt we had to keep monitoring it because it was so beautiful," Kara says. "Then we noticed something that has never really been seen before."

In 2022, the team looked through observations of the black hole taken by the European Space Agency's XMM-Newton, a space-based observatory that detects and measures X-ray emissions from black holes, neutron stars, galactic clusters, and other extreme cosmic sources. They noticed that X-rays from the black hole appeared to pulse with increasing frequency. Such "quasi-periodic oscillations" have only been observed in a handful of other supermassive black holes, where X-ray flashes appear with regular frequency.




In the case of 1ES 1927+654, the flickering seemed to steadily ramp up, from every 18 minutes to every seven minutes over the span of two years.

"We've never seen this dramatic variability in the rate at which it's flashing," Masterson says. "This looked absolutely nothing like a normal black hole."

The fact that the flashing was detected in the X-ray band points to the strong possibility that the source is somewhere very close to the black hole. The innermost regions of a black hole are extremely high-energy environments, where X-rays are produced by fast-moving, hot plasma. X-rays are less likely to be seen at farther distances, where gas can circle more slowly in an accretion disk. The cooler environment of the disk can emit optical and ultraviolet light, but rarely gives off X-rays.

"Seeing something in the X-rays is already telling you you're pretty close to the black hole," Kara says. "When you see variability on the timescale of minutes, that's close to the event horizon, and the first thing your mind goes to is circular motion, and whether something could be orbiting around the black hole."

X-ray kick-up

Whatever was producing the X-ray flashes was doing so at an extremely close distance from the black hole, which the researchers estimate to be within a few million miles of the event horizon.

Masterson and Kara explored models for various astrophysical phenomena that could explain the X-ray patterns that they observed, including a possibility relating to the black hole's corona.

"One idea is that this corona is oscillating, maybe blobbing back and forth, and if it starts to shrink, those oscillations get faster as the scales get smaller," Masterson says. "But we're in the very early stages of understanding coronal oscillations."

A more likely scenario, and one that scientists have a better grasp on in terms of the physics involved, has to do with a daredevil of a white dwarf.

"These things are really small and quite compact, and we hypothesize that it's a white dwarf that is getting so close to the black hole," Masterson says.

According to their modeling, the researchers estimate the white dwarf could have been about one-tenth the mass of the sun. In contrast, the supermassive black hole itself is on the order of 1 million solar masses.

When any object gets this close to a supermassive black hole, gravitational waves are expected to be emitted, dragging the object closer to the black hole. As it circles closer, the white dwarf moves at a faster rate, which can explain the increasing frequency of X-ray oscillations that the team observed.

The white dwarf is practically at the precipice of no return and is estimated to be just a few million miles from the event horizon. However, the researchers predict that the star will not fall in. While the black hole's gravity may pull the white dwarf inward, the star is also shedding part of its outer layer into the black hole. This shedding acts as a small kick-back, such that the white dwarf -- an incredibly compact object itself -- can resist crossing the black hole's boundary.

"Because white dwarfs are small and compact, they're very difficult to shred apart, so they can be very close to a black hole," Kara says. "If this scenario is correct, this white dwarf is right at the turn around point, and we may see it get further away."

The team plans to continue observing the system, with existing and future telescopes, to better understand the extreme physics at work in a black hole's innermost environments. They are particularly excited to study the system once the space-based gravitational-wave detector LISA launches -- currently planned for the mid 2030s -- as the gravitational waves that the system should give off will be in a sweet spot that LISA can clearly detect.

"The one thing I've learned with this source is to never stop looking at it because it will probably teach us something new," Masterson says. "The next step is just to keep our eyes open."
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A fast-moving belly flop: Researchers unveil the unique skills of cricket frogs | ScienceDaily

Several species have fascinated observers with their abilities to skip side-to-side and leap into the air from the surface of a pond as if the water were land. One such breed native to Virginia and North Carolina is the cricket frog. The way these frogs move in the water could bring insights to tools for the future of robotics, watercraft, and more.

Jake Socha, the Samuel Herrick Professor in Mechanical Engineering, leads a research team that studies the cricket frog's unique ability to "skitter," another name for jumping multiple times in succession. The team's findings were published in the Journal of Experimental Biology, with graduate researcher Talia Weiss serving as first author.

"Skittering is not actually a well-defined word for this behavior -- one naturalist used it to describe a 'jumping on water' behavior in frogs in 1949, and since then, it's been used for this type of locomotion in all the following literature," Weiss said. "Part of this research is not only studying this behavior in cricket frogs, but to try and give 'skittering' a more precise, scientific definition."

How do they do it? In their studies, Socha's team members found that popular opinions generally state that the frog crosses the water without sinking, but doing so might still require a highly specialized anatomy. What does this frog have that other frogs don't?

"Our lab has studied a range of animals, and many exhibit fascinating behaviors in navigating their environment," Socha said. "The humble cricket frog lives nearby, and yet it still surprised us with its cabilities, further motivating our curiosity to understand the living world.

High-speed video for high-speed frogs

Cricket frogs are one of the smallest frogs in North America, easily sitting on the thumb of an average adult's hand. To observe the cricket frog in motion, team members used high-speed videography. They recorded how the frog leaps on land as well as in the water, watching the movement of their legs as they navigated both.




The team found that the frogs actually sink with each jump. While "skittering" gives a picture of the frogs freely leaping about while only their feet penetrate the water's surface, the recordings showed a different picture. Socha, Weiss, and their teammates saw that each time a frog came down from a leap, its entire body would submerge. The movement was less like a frog leaping and dancing across the water freely, and more like a plop and a jump. Their movements might more appropriately be called, "porpoising," after the movement that a porpoise or dolphin uses: leaping into the air from beneath the surface of the water.

Launching from underwater

The reason that cricket frogs have previously appeared to dance across the water when viewed by eye is largely because of their rapid motion.

To record this ultra-fast motion, the team used a 20-gallon glass tank and released the frogs into it. High speed cameras shooting up to 500 frames per second were aimed from the side of the glass tank to capture the action above and below the water's surface. As the frogs leapt, the team captured their getaway.

The footage was then slowed down to a small fraction of the original speed. When they watched the footage, team members made their surprising observation: The frogs did indeed sink.

"It's fascinating how easily we can be fooled by fast animal movements," said Socha. "Here, we're fooled by a frog that appears like a skipping stone, but is actually jumping and dunking multiple times in a row. Frogs are great jumpers, but most of them don't exhibit this porpoising behavior, and we still don't know why. Is there something special about the frog's leap, or is it simply a matter of small body size?"

By observing them in slow motion, team members could observe the motion of the frog as it retracted and extended its limbs. They also noticed that the angle of its body to the waterline played a factor, giving it the ability to balance itself in the water. They broke each jump cycle down to:
    	Takeoff, from a submerged position
    	Aerial, or time in the air following a jump
    	Re-entry, back into the water
    	Recovery, resetting for the next jump




In a little more than a single second, the frog would take off while completely submerged, extending its feet in an underwater push to propel its body above the surface. Its rear legs stayed extended while moving through the air, and its front legs moved from pressing against its body to reach forward. The extended front legs are the first to hit the water upon re-entry, and the back legs are still extended as it sinks. As it sinks, the back legs retract and bend back into a leaping position. Another jump is executed, repeating the movement.

It's basically a belly flop.

The team observed frogs doing as many as eight jumps in a row, each being fully executed in less than a second.

Understanding skittering is an important discovery for the realm of biology, but it holds other keys as well. This discovery provides a new physical basis for the future of bio-inspired robotics. It could be applied to a water testing system that is needed to be rapidly deployed, or an amphibious drone taking water depth measurements. Those futuristic devices can take cues from nature to use well-tested methods that frogs have been using for centuries.
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New fossil discovery sheds light on the early evolution of animal nervous systems | ScienceDaily
An international team of scientists has uncovered a fascinating piece of the evolutionary puzzle: how the ventral nerve cord, a key component of the central nervous system, evolved in ecdysozoan animals, a group that includes insects, nematodes, and priapulid worms. Their findings, published in Science Advances, provide valuable insights into the origins of these structures in the basal Cambrian period.


						
The research team, comprising Dr Deng Wang (Northwest University), Dr Jean Vannier (Universite de Lyon), Dr Chema Martin-Duran (Queen Mary University of London), and Dr Maria Herranz (Rey Juan Carlos University), analysed exceptionally well-preserved fossils from key Cambrian deposits. These fossils include representatives of the early-evolving Scalidophora, a subgroup of Ecdysozoa, offering a rare glimpse into the nervous system architecture of ancient animals.

Ecdysozoans include arthropods (such as insects and crabs), nematodes (roundworms), and smaller groups like kinorhynchs ("mud dragons") and priapulids ("penis worms"). Their central nervous systems, which include the brain and ventral nerve cord, have long intrigued scientists seeking to understand the evolutionary relationships between these groups.

For example, priapulids exhibit a single ventral nerve cord, while loriciferans and kinorhynchs have paired nerve cords, with kinorhynchs also developing paired ganglia. Did the ancestral ecdysozoan have a single or paired ventral nerve cord? Furthermore, while loriciferans and kinorhynchs share a similar nervous system design with arthropods, they are phylogenetically distant. Are these similarities the result of convergent evolution, or do they reflect a shared evolutionary origin?

Scalidophorans, which include priapulids, loriciferans, and kinorhynchs, first appeared in the early Cambrian. They represent a crucial lineage for investigating the evolutionary trajectory of the ventral nerve cord in ecdysozoans. By studying fossils from the Fortunian Kuanchuanpu Formation (e.g., Eopriapulites and Eokinorhynchus), the Chengjiang Biota (e.g., Xiaoheiqingella and Mafangscolex), and the Wuliuan Ottoia prolifica, the researchers identified elongate structures running along the ventral side of these ancient organisms.

"These structures closely resemble the ventral nerve cords seen in modern priapulids," explained Dr Deng Wang and Dr Jean Vannier. Their analysis indicates that these fossils preserve impressions of single ventral nerve cords, shedding light on the likely ancestral condition for scalidophorans.

Phylogenetic analysis supports the hypothesis that a single ventral nerve cord was the ancestral condition for scalidophorans. Moreover, the evolutionary grouping of nematoids and panarthropods (a clade that includes arthropods, tardigrades, and onychophorans) suggests their common ancestor also likely had a single nerve cord.




"This leads us to propose that the common ancestor of all ecdysozoans possessed a single ventral nerve cord," said Dr Chema Martin-Duran. "The paired nerve cords observed in arthropods, loriciferans, and kinorhynchs likely evolved independently, representing derived traits."

The study also highlights a connection between the evolution of paired ventral nerve cords, ganglia, and body segmentation. Loriciferans, kinorhynchs, and panarthropods exhibit varying degrees of body segmentation, suggesting that these structural changes may have co-evolved with nervous system modifications.

Dr Maria Herranz noted, "The emergence of paired nerve cords likely facilitated greater coordination of movement, particularly in segmented animals. During the Precambrian-Cambrian transition, changes in the nervous and muscular systems were likely tied to the development of appendages, enabling more complex locomotion."

This groundbreaking discovery enriches our understanding of ecdysozoan evolution and underscores the role of the fossil record in addressing key questions about early animal development. By linking nervous system structures to broader evolutionary trends, the study provides a clearer picture of how the diverse ecdysozoan lineages arose and adapted to their environments.
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'What is that?' Scientists explain white patch that appears near northern lights | ScienceDaily
A whitish, grey patch that sometimes appears in the night sky alongside the northern lights has been explained for the first time by researchers at the University of Calgary.


						
The article, which was published on Dec. 30 in the journal Nature Communications, explores a "structured continuum emission" that's associated with aurora borealis.

"You'd see this dynamic green aurora, you'd see some of the red aurora in the background and, all of a sudden, you'd see this structured -- almost like a patch -- grey-toned or white toned-emission connected to the aurora," says Dr. Emma Spanswick, PhD, lead author on the paper and an associate professor with the Department of Physics and Astronomy in the Faculty of Science.

"So, the first response of any scientist is, 'Well, what is that?'"

Spanswick says the white patch has been referenced in scientific papers before, but it has never been explained.

Her team's paper concludes it's "most certainly a heat source" and says it suggests that the aurora borealis are more complex than previously thought.

Spanswick says the discovery was made possible because an advancement in camera technology allows both amateur photographers and scientists to see true colour images of the night sky.




"Everyone has noticed the advancement in digital photography. Your cellphone can now take pictures of the aurora," she says. "That has flowed to the commercial sensor market now.

"Those types of sensors can now be found in more commercial, more robust sensors that we would use in science."

The team's research came after there was a renewed interest in continuum emission with the discovery and observations of the long, glowing ribbon of purple light known as STEVE -- or Strong Thermal Emission Velocity Enhancement.

"There are similarities between what we're seeing now and STEVE," explains Spanswick. "STEVE manifests itself as this mauve or grey-toned structure.

"To be honest, the elevation of the spectrum between the two is very similar but this, because of its association with dynamic aurora, it's almost embedded in the aurora. It's harder to pick out if you were to look at it, whereas STEVE is separate from the aurora -- a big band crossing the sky."

The latest research is also significant because it includes three UCalgary students, including undergraduate Josh Houghton who was initially hired as an intern on the project.




"I was still learning things at the time," he says. "I had just started my internship, and I very quickly got involved. It's just very, very cool."

Spanswick says Houghton did a lot of the analysis on the research, which led to his participation in the Nature paper as an undergraduate student.

"He's had one heck of an internship experience," she says.

Houghton will continue the research as part of his undergrad honours thesis, before taking on his master's degree at UCalgary next year.

The research was made possible by the Transition Region Explorer (TREx), which is a UCalgary project jointly funded by the Canadian Foundation for Innovation, the Government of Alberta and the Canadian Space Agency.

The TREx RGB and Spectograph instruments are operated and maintained by Space Environment Canada with the support of the Canadian Space Agency through its Geospace Observatory (GO) Canada initiative.
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Cleopatra's sister remains missing | ScienceDaily
An interdisciplinary research team led by anthropologist Gerhard Weber from the University of Vienna, together with experts from the Austrian Academy of Sciences, has analysed a skull that was found in the ruins of Ephesos (Turkey) in 1929. It was long speculated that it could be the remains of Arsinoe IV, the sister of the famous Cleopatra. However, the latest anthropological analyses show that the remains are those of a boy between the ages of 11 and 14 who suffered from pathological developmental disorders. His genes point to an origin in Italy or Sardinia. The results are currently being published in Scientific Reports.


						
In 1929, the Austrian archaeologist Josef Keil and his colleagues discovered a sarcophagus completely filled with water in the ruins of the once magnificent "Octagon," a splendid building on the main street of Ephesos (Turkey). No significant grave goods were found in it, but a complete skeleton. Josef Keil only took the skull with him before the researchers closed the tomb on the important "Curetes Street" (Kuretenstrasse) again. After his initial analysis in Greifswald (Germany), he assumed that the burial was that of "a very distinguished person" and probably a 20-year-old woman. Keil was unable to provide any hard data, but the skull travelled to Vienna in his luggage on the occasion of his new appointment at the University of Vienna. In 1953, Josef Weninger, head of the Institute of Anthropology at the University of Vienna, finally published an article with photos and measurements. He also came to the conclusion that the skull from the "Heroon" (Heroengrab), as it was described on a yellowed note accompanying the find, represented a young woman who was of a "refined, specialised type," which could indicate the higher aristocracy of antiquity.

The rest of the skeleton was found in Ephesos during later excavations in 1982, but this time not in the sarcophagus, but in a niche in an antechamber of the burial chamber. Due to the suspected architectural borrowing of the Octagon from the Egyptian model of the "Pharos of Alexandria" and the additional historical facts that Arsinoe IV was murdered in Ephesos around 41 BCE at the instigation of Mark Antony, Cleopatra's lover, a hypothesis arose in 1990: Arsinoe IV could have found her final resting place in this magnificent tomb in Ephesos. Since then, numerous reports and publications have surrounded this rumour.

CSI methods in modern anthropology and scientific archaeology 

The Department of Evolutionary Anthropology at the University of Vienna has expanded considerably in recent years and now utilises practically all modern methods in this discipline. Together with geneticists, dating specialists, orthodontists of the University of Vienna and archaeologists from the Austrian Academy of Sciences, the scientific work on the skull began.

In the first step, the skull was subjected to micro-computed tomography to archive its digital copy with a resolution of 80 micrometres for all time. The scientists then took small samples in the milligram range from the base of the skull and the inner ear to determine age and genetic status. The data from the mass spectrometer was compared with the latest calibration curves, which even took into account the presumed dietary composition. The skull therefore dates to between 36 and 205 BCE, which corresponds well with the traditional date of death of Arsinoe IV in 41 BCE. The geneticists also found a match between the skull and existing samples of the femur. The skeleton that was later found in the anteroom of the Octagon therefore actually belonged to the same person as the skull that Josef Keil had removed from the sarcophagus in 1929. "But then came the big surprise: in repeated tests, the skull and femur both clearly showed the presence of a Y chromosome -- in other words, a male," explains Gerhard Weber.

The morphological evaluation of the skull and the micro-CT data revealed that the boy from the Octagon was still in his puberty and was around 11 to 14 years old. This is confirmed by the high-resolution images of the dental roots and the still developing skull base. However, he obviously suffered from pathological development in general. One of his cranial sutures, which normally only fuses at the age of 65, was already closed in his case. This gave the skull a very asymmetrical shape.

The most striking feature, however, was the underdeveloped upper jaw, which was unusually angled downwards and presumably led to major problems with chewing. This is also confirmed by the conspicuous angles of the temporomandibular joints and the dental findings of two teeth remaining in the jaw. The first permanent molar, the first tooth of the permanent dentition and therefore usually the longest in use, showed no signs of use at all. The first premolar, on the other hand, which only appears a few years later in the dentition, was chewed down and had clear cracks, presumably as a result of overloading. The researchers conclude that there was no regular tooth contact, a consequence of the growth anomaly of the jaws and face. What led to the growth disorders remains unclear for the time being. It could have been a vitamin-D deficiency, for example. Genetic syndromes such as Treacher Collins syndrome also lead to an appearance similar to that of the boy in the Octagon.

The end of a rumour and the beginning of a new search

It is now clear that it was not Cleopatra's sister who was buried in the Octagon in Ephesos, but a young man with developmental disorders who was presumably Roman. The reason for the architectural references to Egypt in this building remains an open question. What is clear is that the tomb was intended for a person of very high social status. In any case, the results of this study open up a wide field for exciting new research. And the search for the remains of Arsinoe IV can now be resumed free of rumours.
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Revealing the 'true colors' of a single-atom layer of metal alloys | ScienceDaily
Researchers Ibuki Taniuchi, Ryota Akiyama, Rei Hobara, and Shuji Hasegawa of the University of Tokyo have demonstrated that the direction of the spin-polarized current can be restricted to only one direction in a single-atom layer of a thallium-lead alloys when irradiated at room temperature. The discovery defies conventions: single-atom layers have been thought to be almost completely transparent, in other words, negligibly absorbing or interacting with light. The one-directional flow of the current observed in this study makes possible functionality beyond ordinary diodes, paving the way for more environmentally friendly data storage, ultra-fine two-dimensional spintronic devices, in the future. The findings were published in the journal ACS Nano.


						
Diodes are fundamental building blocks of modern electronics by restricting the flow of currents to only one direction. However, the thinner the device the more complicated it becomes to design and manufacture these functional components. Thus, demonstrating phenomena that might make such developmental feats possible is critical. Spintronics is an area of study in which researchers manipulate the intrinsic angular momentum (spin) of electrons, for example, by applying light.

"Spintronics had traditionally dealt with thicker materials," says Akiyama. "However, we had been more interested in very thin systems because of their inherently exciting properties. So, we wanted to combine the two and investigate the conversion of light to spin-polarized current in a two-dimensional system."

The conversion of light to spin-polarized current is called the circular photogalvanic effect (CPGE). In the spin-polarized current, the spins of electrons align in one direction, restricting the flow of the electrical current to one direction depending on the polarization of light. The phenomenon is similar to conventional diodes in which the electrical current can only flow in one direction depending on the polarity of the voltage. The researchers used thallium-lead alloys to see if this phenomenon could be observed even in layers as thin as a single atom (two-dimensional systems). They conducted the experiments in an ultra-high vacuum to avoid adsorption and oxidation of the material so that they could reveal its "true colors." When the researchers irradiated the alloys with circular polarized light, they could observe the changes in direction and magnitude of the flowing electrical current.

"Even more surprisingly," says Akiyama, "it was a spin-polarized current: the direction of the electron spin was aligned with the direction of the current due to the novel properties of these thin alloys."

These thin alloys previously developed by the team showed unique electronic properties, giving the team a hint for the current study by chance. Armored with this new knowledge, Akiyama looks to the future.

"These results show that basic research is crucial for applications and development. In this study, we aimed to observe an optimized system. As the next step, in addition to searching for novel two-dimensional thin alloys with unique electronic properties, we would like to use a lower energy (terahertz) laser to narrow the excitation paths that induce CPGE. This way we could increase the conversion efficiency from light to spin-polarized current."
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