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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.


      
        Shrinking Nemo: Clownfish survive heatwaves by shrinking
        Clownfish have been shown to shrink in order to survive heat stress and avoid social conflict, research reveals.

      

      
        Plant cell sculptors
        New research has shed light on how plants precisely control their growth and development, revealing that seemingly similar molecular components fulfill surprisingly different jobs.

      

      
        Personal space chemistry suppressed by perfume and body lotion indoors
        In 2022 a team discovered that high levels of OH radicals can be generated indoors, simply due to the presence of people and ozone. This means: People generate their own oxidation field and change the indoor air chemistry around them within their own personal space. Now, in a follow-up study again in cooperation with an international research team, they found that commonly applied personal care products substantially suppress a human's production of OH radicals. These findings have implications f...

      

      
        Bed-netting prototypes to target malaria-causing parasites
        Scientists have fabricated two bed netting prototypes targeting malaria-causing blood parasites. They designed netting systems to deliver antimalarial drugs called Endochin-like Quinolones (ELQs) that destroy Plasmodium parasites transmitted by mosquitoes.

      

      
        Are groovy brains more efficient?
        The smallest grooves on the brain's surface, unique to humans, have largely been ignored by anatomists, but recent studies show that they're related to cognitive performance, including face recognition and reasoning ability. A new study shows that the depths of these tertiary sulci are also linked to increased interconnectedness between areas of the brain associated with reasoning and high-level cognitive functions. The sulci may decrease the length of neural connections, improving communication ...

      

      
        Scientists discover class of crystals with properties that may prove revolutionary
        Researchers have discovered a new class of materials -- called intercrystals -- with unique electronic properties that could power future technologies. Intercrystals exhibit newly discovered forms of electronic properties that could pave the way for advancements in more efficient electronic components, quantum computing and environmentally friendly materials, the scientists said.

      

      
        Good news for people with migraine who take drugs before or during pregnancy
        There's good news for people with migraine who take common drugs before or during pregnancy -- a new study found no increase in neurodevelopmental disorders such as autism and ADHD in their children. The study looked at drugs used for migraine attacks called triptans.

      

      
        Vitamin D supplements show signs of protection against biological aging
        A randomized trial suggests vitamin D can protect against telomere shortening, which is linked to risk of age-related disease.

      

      
        Imaging technique removes the effect of water in underwater scenes
        SeaSplat is an image-analysis tool that cuts through the ocean's optical effects to generate images of underwater environments reveal an ocean scene's true colors. Researchers paired the color-correcting tool with a computational model that converts images of a scene into a three-dimensional underwater 'world' that can be explored virtually.

      

      
        A one-pixel camera for recording holographic movies
        A new camera setup can record three-dimensional movies with a single pixel. Moreover, the technique can obtain images outside the visible spectrum and even through tissues. The development thus opens the door to holographic video microscopy.

      

      
        Enormous boulder washed inland a sign of Pacific tsunami history
        Analysis has shown a boulder weighing almost 1,200 tons in Tonga is one of the largest known wave-transported rocks in the world, providing new insights into the Pacific region's history and risk of tsunamis.

      

      
        Unlocking the secrets of bat immunity
        Bats are known as natural hosts for highly pathogenic viruses such as MERS- and SARS-related coronaviruses, as well as the Marburg and Nipah viruses. In contrast to the severe and often fatal disease outcomes these viruses cause in humans, bats generally do not show obvious signs of viral illness following infection. An international research team has developed an innovative organoid research platform that allowed them to closely investigate the cellular antiviral defense mechanisms of mucosal ep...

      

      
        Promising new way to modulate brain cell activity to potentially treat major depressive disorder in adults
        A mechanism involving potassium channels in the brain that control brain cell activity could provide a new and fundamentally different way of treating depression symptoms in adults with major depressive disorder.

      

      
        Engineered bacteria can deliver antiviral therapies, vaccines
        New research demonstrates how specially engineered bacteria taken orally can operate as a delivery system for vaccines and antiviral therapies.

      

      
        How to use AI to listen to the 'heartbeat' of a city
        Researchers took a fresh approach to urban research by using artificial intelligence to explore the emotional side of city life. Their goal was to better understand the link between a city's physical features and how people feel in those environments.

      

      
        Physics advance details new way to control solid objects in liquid
        Researchers have detailed the physics behind a phenomenon that allows them to create spin in liquid droplets using ultrasound waves, which concentrates solid particles suspended in the liquid. The discovery will allow researchers to engineer technologies that make use of the technique to develop applications in fields such as biomedical testing and drug development.

      

      
        Emotional expressions shape how help is received in the workplace
        The way people express emotions while helping others can influence whether their assistance is welcomed, resented, or reciprocated, according to new research.

      

      
        Unveiling the secrets of planet formation in environments of high UV radiation
        The fundamental building blocks for planet formation can exist even in environments with extreme ultraviolet radiation, according to a new study.

      

      
        Fool's gold: A hidden climate stabilizer
        Researchers look to extremes in the past to study how the system reacts to imbalances. They detail an overlooked mechanism for how the ocean can help stabilize massive releases of carbon into the atmosphere following volcanic eruptions.

      

      
        'Cosmic joust': Astronomers observe pair of galaxies in deep-space battle
        Astronomers have witnessed for the first time a violent cosmic collision in which one galaxy pierces another with intense radiation. Their results show that this radiation dampens the wounded galaxy's ability to form new stars.

      

      
        A new technology for extending the shelf life of produce
        Researchers developed a way to extend the shelf life of vegetables by injecting them with melatonin using biodegradable microneedles.

      

      
        Scientists design gene delivery systems for cells in the brain and spinal cord
        Research teams funded by the National Institutes of Health (NIH) have created a versatile set of gene delivery systems that can reach different neural cell types in the human brain and spinal cord with exceptional accuracy. These delivery systems are a significant step toward future precise gene therapy to the brain that could safely control errant brain activity with high precision. In contrast, current therapies for brain disorders mostly treat only symptoms.

      

      
        Live view: Stress-induced changes in generations of cancer cells
        Cancer cells respond to stress with greater diversity. Drugs that affect DNA replication, or radiation that causes direct DNA damage, lead to increasingly diverse offspring over multiple cell generations. This increases the tumor's genetic complexity and facilitates the development of resistance to therapy. Researchers have now investigated the emergence of cellular diversity in real time.

      

      
        Clinical trial shows improvements for spinal cord injuries
        Researchers demonstrated unprecedented rates of recovery for spinal cord injuries. Individuals with incomplete spinal cord injury safely received a combination of stimulation of a nerve in the neck with progressive, individualized rehabilitation. This approach, called closed-loop vagus nerve stimulation (CLV), produced meaningful improvements in arm and hand function in these individuals.

      

      
        Extreme weather cycles change underwater light at Lake Tahoe
        Large shifts in UV radiation at Lake Tahoe are associated with wet and dry climate extremes, finds a new study.

      

      
        Taking the guesswork out birdsong evolution
        Biologists recently announced that they have released the first broad scale, comparative, fine-grained analysis linking the amplitude, or volume, of a birds' song to its vocal frequency, or pitch. Though biologists have long wondered whether birds are able to control their pitch as they get louder or if their vocal abilities are mechanically limited, until now there has been no wide-ranging data with which to probe this aspect of the evolutionary history of birdsong.

      

      
        Remotely moving objects underwater using sound
        A metamaterial is a composite material that exhibits unique properties due to its structure, and now researchers have used one featuring a small sawtooth pattern on its surface to move and position objects underwater without touching them directly. Adjacent speakers exert different forces on the material based on how the sound waves reflect off it, and by carefully targeting the floating or submerged metamaterial with precise sound waves, researchers can push and rotate the object attached to it.

      

      
        New genetic test can diagnose brain tumors in as little as two hours
        Scientists and medics have developed an ultra-rapid method of genetically diagnosing brain tumors that will cut the time it takes to classify them from 6-8 weeks, to as little as two hours.The team utilized the new approach during 50 brain tumor surgeries to deliver rapid, intraoperative diagnoses. This approach has achieved a 100% success rate, providing diagnostic results in under two hours from surgery and detailed tumor classifications within minutes of sequencing.

      

      
        On the origin (and fate) of plants that never bloom
        Plants that reproduce exclusively by self-pollination arise from populations with extremely low diversity to begin with. The research not only adds a facet to possible evolutionary strategies, but also lends weight to Darwin's suspicion that this strategy might be a path to extinction.

      

      
        Gas location drives star formation in distant galaxies
        In the intriguing realm of star-forming galaxies, the key factor isn't the total amount of gas but rather its strategic distribution within the galaxy.

      

      
        A new complexity in protein chemistry
        Proteins are among the most studied molecules in biology, yet new research shows they can still hold surprising secrets. Researchers have discovered previously undetected chemical bonds within archived protein structures, revealing an unexpected complexity in protein chemistry. These newly identified nitrogen-oxygen-sulphur (NOS) linkages broaden our understanding of how proteins respond to oxidative stress, a condition where harmful oxygen-based molecules build up and can damage proteins, DNA, a...

      

      
        Thinking peers drink more drives risky behavior
        The study explores how social influences, particularly peer pressure, impact substance use -- and misuse -- among young adults. A confidential online survey on alcohol use was given to 524 students at a large public university (not UTA).

      

      
        Landmark report reveals key challenges facing adolescents
        Poor mental health, rising obesity rates, exposure to violence and climate change are among the key challenges facing our adolescents today, according to a global report.

      

      
        How serious is your brain injury? New criteria will reveal more
        Trauma centers nationwide will begin to test a new approach for assessing traumatic brain injury (TBI) that is expected to lead to more accurate diagnoses and more appropriate treatment and follow-up for patients. The new framework expands the assessment beyond immediate clinical symptoms. Added criteria would include biomarkers, CT and MRI scans, and factors, such as other medical conditions and how the trauma occurred.

      

      
        Missing link in early Martian water cycle discovered
        Astronomers have filled a large gap in knowledge about Mars' water cycle. Their research on water percolating from surface to aquifer could change the picture of what early Mars was like, suggesting that less of the planet's water may have been available to become rain and refill lakes and oceans.

      

      
        Commercially available peroxide binds incompatible polymers for recycling
        Researchers have developed an inexpensive and potentially scalable approach that uses a commercially available peroxide to bind polyethylene and polypropylene together, thereby creating a more useful, high-quality plastic recycling additive.

      

      
        New research on ALS opens up for early treatment
        Using the gene scissors CRISPR and stem cells, researchers have managed to identify a common denominator for different gene mutations that all cause the neurological disease ALS. The research shows that ALS-linked dysfunction occurs in the energy factories of nerve cells, the mitochondria, before the cells show other signs of disease, which was not previously known.

      

      
        How to solve a bottleneck for CO2 capture and conversion
        New research could improve the efficiency of electrochemical carbon-dioxide capture and release by six times and cut costs by at least 20 percent. Researchers added nanoscale filtering membranes to a carbon-capture system, separating the ions that carry out the capture and release steps, and enabling both steps to proceed more efficiently.

      

      
        Common diabetes drug helps chickens lay more eggs
        What do chickens and people with a common reproductive disorder have in common? More than one might think -- and a widely-used diabetes medication might just be the surprising link.

      

      
        Molecules in blood and urine could reveal how much ultra-processed food you eat
        Sets of metabolites found in blood and urine reliably correspond with how much energy from ultra-processed food a person consumes, according to a new study.

      

      
        Language isn't just for communication -- it also shapes how sensory experiences are stored in the brain
        Our ability to store information about familiar objects depends on the connection between visual and language processing regions in the brain, according to a new study.

      

      
        How membranes may have brought about the chemistry of life on Earth
        A team of researchers studied the properties of membranes to understand how these cellular structures influenced the chemistry of life on Earth as it began.

      

      
        Does renewable energy reduce fossil fuel production in the US?
        Increasing renewable energy may not reduce the use of fossil fuels in the United States, according to a new study .

      

      
        Selenium exposure during pregnancy may reduce childhood streptococcal infections
        Higher maternal selenium levels during pregnancy were associated with a lower risk of streptococcal infections in children, suggesting a potential protective effect.

      

      
        Clouding the forecast: Study reveals why so many climate models are wrong about the rate of Arctic warming
        The Arctic is one of the coldest places on Earth, but in recent decades, the region has been rapidly warming, at a rate three to four times faster than the global average. However, current climate models have been unable to account for this increased pace. Now, researchers have reported that clouds may be to blame.

      

      
        How molecules can 'remember' and contribute to memory and learning
        Researchers have discovered how an ion channel in the brain's neurons has a kind of 'molecular memory', which contributes to the formation and preservation of lifelong memories. The researchers have identified a specific part of the ion channel at which new drugs for certain genetic diseases could be targeted.

      

      
        Scientific breakthrough brings CO2 'breathing' batteries closer to reality
        Scientists have made a breakthrough in eco-friendly batteries that not only store more energy but could also help tackle greenhouse gas emissions. Lithium-CO2 'breathing' batteries release power while capturing carbon dioxide, offering a greener alternative that may one day outperform today's lithium-ion batteries.

      

      
        Forest management can influence health benefits
        Forests play a crucial role in promoting health and wellbeing, but not all forests provide the same benefits. A large-scale study demonstrates how specific forest characteristics -- such as canopy density and tree species diversity -- can affect various health outcomes.

      

      
        Technique rapidly measures cells' density, reflecting health and developmental state
        MIT researchers found a way to measure cell density quickly and accurately -- measuring up to 30,000 cells in a single hour. They also showed density changes could be used to make useful predictions, including whether T cells have become activated to kill tumors or whether tumor cells are susceptible to a specific drug.

      

      
        Forgotten property of the electron
        The orbital angular momentum of electrons has long been considered a minor physical phenomenon, suppressed in most crystals and largely overlooked. Scientists have now discovered that in certain materials it is not only preserved but can even be actively controlled. This is due to a property of the crystal structure called chirality, which also influences many other processes in nature. The discovery has the potential to lead to a new class of electronic components capable of transmitting informa...
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Shrinking Nemo: Clownfish survive heatwaves by shrinking | ScienceDaily
Clownfish have been shown to shrink in order to survive heat stress and avoid social conflict, Newcastle University research reveals.


						
The fish, recognisable from the starring role in the film 'Finding Nemo', were studied by academics from the universities of Newcastle, Leeds and Boston, USA. The work was conducted in collaboration with Mahonia Na Dari Conservation and Research Centre, in Kimbe Bay, Papua New Guinea. The team measured the length of 134 clownfish every month for five months, and monitored the water temperature every 4-6 days, during a marine heatwave which are becoming increasingly common as a result of climate change.

Publishing in the journal Science Advances, they reveal the remarkable ability of clownfish to shrink, i.e. they can get shorter, in response to heat stress. Shrinking increased individuals' chances of surviving the heat stress event by as much as 78%.

In a heart-warming discovery, they also show that coordination is important for clownfish, as they have a higher chance of surviving heatwaves when they shrink alongside their breeding partner. This is the first time that a coral reef fish has been shown to reduce the length of their body in response to environmental and social conditions.

Melissa Versteeg, a PhD researcher at Newcastle University's School of Natural and Environmental Sciences led the study. Of this newly-discovered ability for the clownfish to shrink, she said: "This is not just about getting skinnier under stressful conditions, these fish are actually getting shorter. We don't know yet exactly how they do it, but we do know that a few other animals can do this too. For example, marine iguanas can reabsorb some of their bone material to also shrink during times of environmental stress.

"We were so surprised to see shrinking in these fish that, to be sure, we measured each fish individual repeatedly over a period of five months. In the end, we discovered it was very common in this population. During our study, 100 fish shrank out of the 134 fish that we studied."

"It was a surprise to see how rapidly clownfish can adapt to a changing environment and we witnessed how flexibly they regulated their size, as individuals and as breeding pairs, in response to heat stress as a successful technique to help them survive."

The authors also highlight that individual shrinking might explain the rapidly declining size of fish in the world's oceans.

Dr Theresa Rueger, Senior Lecturer in Tropical Marine Sciences and senior author of the study added: "Our findings show that individual fish can shrink in response to heat stress, which is further impacted by social conflict, and that shrinking can lead to improving their chances of survival. If individual shrinking were widespread and happening among different species of fish, it could provide a plausible alternative hypothesis for why the size many fish species is declining and further studies are needed in this area."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250521161226.htm
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Plant cell sculptors | ScienceDaily
New research from the Sainsbury Laboratory at the University of Cambridge has shed light on how plants precisely control their growth and development, revealing that seemingly similar molecular components fulfil surprisingly different jobs.


						
The study, published in Science Advances, focuses on the SCAR/WAVE protein complex, a crucial molecular machine that helps shape plant cells by directing the formation of the internal cell scaffold known as the actin cytoskeleton. This is vital for processes like the growth of root hairs, which are essential for nutrient uptake, and the shape of leaf hairs, called trichomes.

Plants, much like other complex organisms, rely on the dynamic reorganisation of their cytoskeleton to grow and respond to their environment. The SCAR/WAVE complex plays a pivotal role in this process by activating another group of proteins called the ARP2/3 complex, which initiates the branching of actin filaments. While SCAR/WAVE genes are found in many plant species, they often exist as small families of related genes, and scientists have been wondering whether these different versions perform unique roles.

The Cambridge team, led by Dr Sebastian Schornack, investigated two closely related SCAR proteins, MtAPI and MtHAPI1, in the model legume plant Medicago truncatula. They discovered that these proteins, despite their similarity, are not interchangeable. MtAPI is crucial for normal root hair development, but MtHAPI1 cannot perform this role. Conversely, when tested in the model plant Arabidopsis thaliana, MtHAPI1, but not MtAPI, could rescue defects in trichome development caused by a faulty Arabidopsis SCAR protein. This clearly demonstrated that these two related SCAR proteins have distinct functions within the plant.

Digging deeper, the study identified a specific 42-amino acid sequence within an intrinsically disordered region of MtAPI that significantly impacts protein stability. The presence of this short segment leads to lower levels of the MtAPI protein in plant cells, suggesting a mechanism for finely tuning the protein's abundance. Intriguingly, this segment appears to function as a general destabilising element, affecting other proteins it's attached to, even in different plant species.

"Our findings reveal a fascinating molecular basis for how plants can achieve functional diversity using closely related proteins," said Dr Sabine Brumm, lead author of the study. "The intrinsically disordered regions, which were least understood, are actually critical for defining what these SCAR proteins do in the cell."

This research significantly advances our understanding of how the SCAR/WAVE complex is regulated and how it contributes to plant development. "By uncovering how these SCAR proteins differ, we gain deeper insights into the intricate mechanisms that control cell shape and growth in plants," explained Dr Schornack. "This knowledge could have implications for understanding plant-microbe interactions and potentially for developing strategies to improve plant growth and resilience."

The study highlights the complexity and elegance of molecular regulation in plants and opens new avenues for investigating how protein stability and function are controlled.
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Personal space chemistry suppressed by perfume and body lotion indoors | ScienceDaily
In 2022 a team led by the Max Planck Institute for Chemistry discovered that high levels of OH radicals can be generated indoors, simply due to the presence of people and ozone. This means: People generate their own oxidation field and change the indoor air chemistry around them within their own personal space. Now, in a follow-up study again in cooperation with an international research team, they found that commonly applied personal care products substantially suppress a human's production of OH radicals. These findings have implications for the indoor chemistry, the air quality of occupied spaces, and human health, since many of the chemicals in our immediate vicinity are transformed by this field.


						    	People indoors generate an oxidation field consisting of hydroxyl radicals (OH). The oxidation field is generated by the reaction of ozone with oils and fats on our skin
    	Researchers now have found that the application of personal care products, such as fragrances and body lotions, suppresses the human oxidation field.
    	Body lotion hinders the generation of a key OH precursor by acting as a physical barrier between air ozone and skin squalene.
    	A large amount of ethanol solvent in fragrances acts as a OH sink which leads to a reduction of the human generated OH field.
    	Used methods: a multiphase chemical kinetic model and a computational fluid dynamics model to demonstrate how the concentrations of the reactive components develop in the indoor environment.

The indoor environment contains multiple sources of chemical compounds. These include continuous emissions from housing materials such as furniture, floors and furnishings, but also periodic intense emissions from human activities such as cooking, smoking, and cleaning. Outdoor air chemicals can also enter indoor environments through infiltration and ventilation. Ozone (O3) from outdoors can react with compounds indoors to create a complex chemical cocktail within the indoor living space. Since people spend up to 90 percent of their time indoors, exposure to this diverse array of chemical compounds over extended periods is cause for concern, particularly as the human-health impacts of many such chemicals remain poorly understood.

On the basis of their findings in 2022, Jonathan Williams' research group from the Max Planck Institute for Chemistry had a closer look on how the human oxidation field might be influenced by personal care products. "Given that the human oxidation field influences the chemical composition of air in the breathing zone and close to the skin, it affects our intake of chemicals, which in turn impacts human health. It is therefore of interest to examine how personal care products can influence the strength and spatial extent of the self-generated OH-field," explains Jonathan Williams.

The experimental measurements made by the Max Planck team were supported by Manabu Shiraiwa and his team at the University of California (Irvine, USA) and Donghyun Rim's group from the Pennsylvania State University.

"Our team took a unique approach to simulate concentrations of chemical compounds near humans in the indoor environment," said Shiraiwa. "We developed a state-of-the-art chemical model that can simulate reactions of ozone with human skin and clothing that can lead to the formation of semi-volatile organic compounds."

"We applied a three-dimensional computational fluid dynamics model to simulate the evolution of the oxidation field around human occupants," said Rim. "This integrated modeling approach highlights the impact of personal care products on the human oxidation field."

Personal care products affect the human oxidation field

First, the researchers examined how the application of body lotion impacts the chemistry in the periphery of the persons tested. Then they investigated, how perfume applied to the skin affects the chemical composition of the indoor air. For both cases Williams and his team saw that the OH concentration around the volunteers decreased. This means: It decreased compared to the standard case without cosmetics, where ozone reacts on human skin to form gas phase products that react again in the air with ozone to make OH.




Concerning the perfume, the researchers explain the OH decrease with the primary perfume component ethanol: it reacts with OH, using it up, as ethanol does not produce OH when reacting with ozone.

"Regarding body lotion, we can explain the decline in two ways. One is that phenoxyethanol -- a chemical in the body lotion -- reacts with OH but does not generate OH with ozone. This is the same as the perfume with ethanol. The second explanation is simply that the body lotion gets in the way of ozone reacting with squalene on the skin," states atmospheric chemist Jonathan Williams.

"The application of a fragrance and a lotion together showed that fragrances impact the OH reactivity and concentration over shorter time periods, whereas lotions show more persistent effects, consistent with the rate of emissions of organic compounds from these personal care products," sums up Nora Zannoni, first author of the study published in the research magazine Science Advances. She is currently employed at the Institute of Atmospheric Sciences and Climate in Bologna, Italy.

Implications for indoor chemistry

While thousands of different fragrances and lotions exist on the market, there are some general conclusions valid for any product that the international research team draws based on their tests:

Following the new findings of this study, an applied fragrance indoors would be expected to suppress the personal human oxidation field. In contrast with fragrances, lotions have more variable compositions. Despite their variable composition, they expect most lotions to suppress the human oxidation field due to a combination of dilution of skin oil constituents and reduced interaction between O3 and the skin. Additionally, marketed lotions contain preservatives acting as antimicrobial agents. Widely used is phenoxyethanol which further contributes to suppressing the human oxidation field by reacting with the OH radicals as experimentally demonstrated in this study.




"If we buy a sofa from major furniture company, it is tested for harmful emissions before being put on sale. However, when we sit on the sofa, we naturally transform some of these emissions because of the oxidation field we generate. This can create many additional compounds in our breathing zone whose properties are not well known or studied. Interestingly body lotion and perfume both seem to dampen down this effect," says Jonathan Williams.

These findings are part of the project ICHEAR (Indoor Chemical Human Emissions and Reactivity Project) which brought together a group of collaborating international scientists from Denmark (DTU), USA (Rutgers University), and Germany (MPI). The modelling was part of the MOCCIE project based in University of California Irvine and the Pennsylvania State University. Both projects were funded by grants from the A. P. Sloan foundation.

Additional information

Experimental setup in a climate chamber 

The experiments were conducted at the Technical University of Denmark (DTU) in Copenhagen in 2021. Four test subjects stayed in a special climate-controlled chamber under standardized conditions. Ozone was added to the chamber air inflow in a quantity that was not harmful for humans but representative of the higher range of indoor levels. The team determined the OH concentrations indirectly by quantifying the individual OH sources and the overall loss rate of OH. The OH field was only generated when ozone was present.

By combining air measurements from within the chamber with model simulations, they calculated the effect of the lotion and fragrance on the human oxidation field.
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Bed-netting prototypes to target malaria-causing parasites | ScienceDaily
Southwest Research Institute tapped into its drug formulation and manufacturing expertise to fabricate two bed netting prototypes targeting malaria-causing blood parasites. In a collaboration with researchers at the Harvard T.H. Chan School of Public Health and Oregon Health & Science University (OHSU)/Portland Veterans Affairs Medical Center (PVAMC), SwRI designed netting systems to deliver antimalarial drugs called Endochin-like Quinolones (ELQs) that destroy Plasmodium parasites transmitted by mosquitoes. The findings appear in the latest issue of the journal Nature.


						
"If an infected mosquito hits or lands on either type of netting, it's essentially disinfected," said Institute Scientist Dr. Mike Rubal, a contributor to the Nature article. "The best defense against malaria has been insecticide-treated bed nets or those coated with larvicides, but mosquitoes are developing an immunity to those prevention methods. This novel approach targets the source of the disease."

In 2023, the World Health Organization reported 263 million cases of malaria and nearly 600,000 deaths worldwide. The disease remains pervasive even with preventative measures and available treatments. Resistance to larvicides and pesticides is a growing concern among malaria researchers.

Rubal's team coated a commercially available polyester bed net with an ELQ solution synthesized at OHSU/PVAMC. SwRI also blended a second formulation of ELQ into a hot-melt extrusion of high-density polyethylene filaments, which can be woven to make yarn for netting. The team at the Catteruccia lab at Harvard evaluated both netting systems for efficacy.

"We desperately need innovation in malaria control. This study offers a new, effective way to stop the transmission of malaria parasites, which we hope will reduce the burden of this devastating disease in Africa and beyond," said corresponding author Dr. Flaminia Catteruccia, the Irene Heinz Given Professor of Immunology and Infectious Diseases at Harvard and Howard Hughes Medical Institute Investigator.

Native to tropical and subtropical regions around the world, female Anopheles mosquitoes pass parasites to humans through saliva shared when they bite. Parasites attack and reproduce within the liver and red blood cells causing a variety of symptoms ranging from mild to severe. If left untreated, malaria can lead to brain damage, organ failure and even death, especially among children and other vulnerable populations.

"Our research shows that the two drugs, which are absorbed through the legs of the insect, kill parasites developing within the mosquito. By using two different ELQs, the likelihood of resistance is greatly diminished and possibly eliminated," said Dr. Michael Riscoe, a professor of molecular microbiology and immunology at OHSU. "This emerging technology has great potential to impact efforts to control and eradicate malaria around the world."

A National Institute of Health (NIH) R01 grant and funding from Open Philanthropy supported the research.
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Are groovy brains more efficient? | ScienceDaily
Many grooves and dimples on the surface of the brain are unique to humans, but they're often dismissed as an uninteresting consequence of packing an unusually large brain into a too-small skull.


						
But neuroscientists are finding that these folds are not mere artifacts, like the puffy folds you get when forcing a sleeping bag into a stuff sack. The depths of some of the smallest of these grooves seem to be linked to increased interconnectedness in the brain and better reasoning ability.

In a study published May 19 in The Journal of Neuroscience, University of California, Berkeley, researchers show that in children and adolescents, the depths of some small grooves are correlated with increased connectivity between regions of the brain -- the lateral prefrontal cortex and lateral parietal cortex -- involved in reasoning and other high-level cognitive functions.

The grooves may actually bring those areas closer together in space, shortening the connections between them and speeding communications.

The implication, the researchers say, is that variability in these small grooves, which are called tertiary sulci (pronounced sul'-sigh), may help explain individual differences in cognitive performance, and could serve as diagnostic indicators or biomarkers of reasoning ability or neurodevelopmental disorders.

"The impetus for this study was having seen that sulcal depth correlated with reasoning across children and adolescents," said Silvia Bunge, professor of psychology and a member of UC Berkeley's Helen Wills Neuroscience Institute (HWNI). "Given our previous findings, our former postdoctoral fellow Suvi Hakkinen aimed to test if sulcal depth was correlated with reasoning performance and to test if patterns of coordinated activity within a lateral prefrontal-parietal network could explain this relation between sulcal depth and reasoning."

"We had explicit predictions about which tertiary sulci in the lateral prefrontal cortex would be functionally connected to tertiary sulci in the lateral parietal cortex, and that panned out," added Kevin Weiner, UC Berkeley associate professor of psychology and of neuroscience and a member of HWNI. "Prefrontal and parietal cortices aside, the hypothesis is that the formation of sulci leads to shortened distances between connected brain regions, which could lead to increased neural efficiency, and then, in turn, individual differences in improved cognition with translational applications."

"The cortex is sort of haphazardly crunched up into the brain -- that's what I was always taught," Bunge said. "Kevin came along and changed my mind about sulci."




The hills and valleys of the brain

The brains of most animals, mammals included, have smooth surfaces. Primates have hills and valleys covering their cerebral cortex. While one group of primates, the New World monkeys called marmosets, have shallow, barely perceptible sulci, those of humans are deeply incised, with between 60% and 70% of the cortex buried in these folds.

The cortical folding patterns in humans also change with age, establishing their final structure late in prenatal development while becoming less prominent in old age.

"While sulci can change over development, getting deeper or shallower and developing thinner or thicker gray matter -- probably in ways that depend on experience -- our particular configuration of sulci is a stable individual difference: their size, shape, location and even, for a few sulci, whether they're present or absent," said Bunge, who studies abstract reasoning in young people, from 6 years of age through young adulthood.

The smallest grooves, many of which are uniquely human, are called tertiary sulci because they appear last in prenatal development and are never as deep as the major or primary sulci that are most evident on the cerebral surface.

Scientists have speculated that the tertiary sulci emerge in parts of the human brain that have expanded the most throughout evolution and have a protracted development, and that they are likely associated with aspects of cognition -- reasoning, decision-making, planning and self-control -- that develop over a protracted adolescence.




But prior to this study, evidence was lacking for a connection between tertiary sulci and brain connectivity. The UC Berkeley study is one of few, all within the past few years, to provide such proof.

Sulci linked to cognition

Weiner and Bunge said that, as undergraduates, they were never taught how to define tertiary sulci; they often examined scans of average brains that did not match any specific individual.

Weiner noticed this mismatch as an undergraduate.

"At the time, all I knew was that I had some cortical squiggles that weren't in the average brain atlases that we had in the lab. So the question I asked my mentors, Sabine Kastner and Charlie Gross, was: Do I have different structures that aren't in our atlases or are structures missing from these atlases?" he said. "That sent me down a 15-year rabbit hole studying one particular tertiary sulcus in the visual cortex."

That work showed that a specific sulcus, the mid-fusiform sulcus, varied in length from as small as 3 millimeters to as long as 7 centimeters in any given person. Moreover, the longer the sulcus, the better a person was at processing and recognizing human faces.

"About 2% of individuals have developmental prosopagnosia, which means they can't perceive faces, and they don't have any brain damage," he said. "That sulcus, especially in the right hemisphere, is shorter and shallower in those folks than in what we refer to as neurotypical controls."

Building on that rabbit hole, Bunge and Weiner wondered whether tertiary sulci in other regions of the brain, outside the visual processing units, also correlated with cognitive ability. Upon moving to UC Berkeley in 2018, Weiner began investigating the prefrontal cortex -- located in the front of the brain behind the forehead -- in collaboration with Bunge, who wanted to test whether sulci in this area would be linked to reasoning.

In a 2021 paper, the two collaborated to define all the smaller sulci in the lateral prefrontal cortex and created a computer model that identified the tertiary sulci as contributing the most variation in reasoning ability.

"The model identified that there's tertiary sulci in the lateral prefrontal cortex that are contributing to reasoning skills in kids," Weiner said.

Expanding on that work in the new study, Weiner, Bunge and their colleagues painstakingly catalogued the tertiary sulci in the lateral parietal cortex, located under and just behind the crown of the skull, and investigated its functional connections with the sulci of the lateral prefrontal cortex. For both studies, they studied 43 participants, 20 of them female, who ranged in age from 7 to 18. While in a functional magnetic resonance imaging (fMRI) scanner, the participants were given a reasoning task. The researchers focused on the brain activity in 21 sulci they had identified in each hemisphere of the brain, and the functional connections between these sulci -- including, for the first time, tertiary sulci.

Across these individuals, greater depth for several of the sulci implicated in reasoning was associated with higher network centrality across the set of prefrontal and parietal sulci.

Experience affects sulci

Bunge pointed out that the association between depths of sulci and reasoning does not hold for all sulci, and that sulcal depth may change with experience.

"Do we think that an individual's capacity for reasoning is set in stone based on their cortical folding? No!," she said. "Cognitive function depends on variability in a variety of anatomical and functional features and, importantly, we know that experience, like quality of schooling, plays a powerful role in shaping an individual's cognitive trajectory, and that it is malleable, even in adulthood."

Weiner's lab is creating a computer program to help researchers identify tertiary sulci in the human brain. Most programs only identify about 35 sulci, but when tertiary sulci are included, there are over 100, he said, including new ones that their labs have uncovered together. They argue that sulci could serve as landmarks to compare brains between individuals, since brains vary so much.

"Dozens of brain maps have been proposed in just the last five years, but they disagree about the areas of associated regions in the cortex, and there are mismatches between areas at the group and individual level," Weiner said. "Examining network architecture based on individual sulcal morphology circumvents these disagreements and mismatches, with the opportunity to glean network-level insight from the local sulcal anatomy that is specific to a given individual."

Aside from Bunge and Weiner, other UC Berkeley co-authors of the paper are former postdoctoral fellow Suvi Hakkinen, former graduate student Willa Voorhies, former undergraduates Ethan Willbrand and Jewelia Yao, and former visiting scholars Yi-Heng Tsai and Thomas Gagnant.

The work was supported by the National Institutes of Health through grants from the Eunice Kennedy Shriver National Institute of Child Health and Human Development (R21HD100858) and the National Institute of Mental Health (R01MH133637), and the National Science Foundation (CAREER Award 2042251).
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Scientists discover class of crystals with properties that may prove revolutionary | ScienceDaily
Rutgers University-New Brunswick researchers have discovered a new class of materials -- called intercrystals -- with unique electronic properties that could power future technologies.


						
Intercrystals exhibit newly discovered forms of electronic properties that could pave the way for advancements in more efficient electronic components, quantum computing and environmentally friendly materials, the scientists said.

As described in a report in the science journal Nature Materials, the scientists stacked two ultrathin layers of graphene, each a one-atom-thick sheet of carbon atoms arranged in a hexagonal grid. They twisted them slightly atop a layer of hexagonal boron nitride, a hexagonal crystal made of boron and nitrogen. A subtle misalignment between the layers that formed moire patterns -- patterns similar to those seen when two fine mesh screens are overlaid -- significantly altered how electrons moved through the material, they found.

"Our discovery opens a new path for material design," said Eva Andrei, Board of Governors Professor in the Department of Physics and Astronomy in the Rutgers School of Arts and Sciences and lead author of the study. "Intercrystals give us a new handle to control electronic behavior using geometry alone, without having to change the material's chemical composition."

By understanding and controlling the unique properties of electrons in intercrystals, scientists can use them to develop technologies such as more efficient transistors and sensors that previously required a more complex mix of materials and processing, the researchers said.

"You can imagine designing an entire electronic circuit where every function -- switching, sensing, signal propagation -- is controlled by tuning geometry at the atomic level," said Jedediah Pixley, an associate professor of physics and a co-author of the study. "Intercrystals could be the building blocks of such future technologies.

"The discovery hinges on a rising technique in modern physics called "twistronics," where layers of materials are contorted at specific angles to create moire patterns. These configurations significantly alter the behavior of electrons within the substance, leading to properties that aren't found in regular crystals.




The foundational idea was first demonstrated by Andrei and her team in 2009, when they showed that moire patterns in twisted graphene dramatically reshape its electronic structure. That discovery helped seed the field of twistronics.

Electrons are tiny particles that move around in materials and are responsible for conducting electricity. In regular crystals, which possess a repeating pattern of atoms forming a perfectly arranged grid, the way electrons move is well understood and predictable. If a crystal is rotated or shifted by certain angles or distances, it looks the same because of an intrinsic characteristic known as symmetry.

The researchers found the electronic properties of intercrystals, however, can vary significantly with small changes in their structure. This variability can lead to new and unusual behaviors, such as superconductivity and magnetism, which aren't typically found in regular crystals. Superconducting materials offer the promise of continuously flowing electrical current because they conduct electricity with zero resistance.

Intercrystals could be a part of the new circuitry for low loss electronics and atomic sensors that could play a part in the making of quantum computers and power new forms of consumer technologies, the scientists said.

The materials also offer the prospect of functioning as the basis of more environmentally friendly electronic technologies.

"Because these structures can be made out of abundant, non-toxic elements such as carbon, boron and nitrogen, rather than rare earth elements, they also offer a more sustainable and scalable pathway for future technologies," Andrei said.




Intercrystals aren't only distinct from conventional crystals. They also are different from quasicrystals, a special type of crystal discovered in 1982 with an ordered structure but without the repeating pattern found in regular crystals.

Research team members named their discovery "intercrystals" because they are a mix between crystals and quasicrystals: they have non-repeating patterns like quasicrystals but share symmetries in common with regular crystals.

"The discovery of quasicrystals in the 1980s challenged the old rules about atomic order," Andrei said. "With intercrystals, we go a step further, showing that materials can be engineered to access new phases of matter by exploiting geometric frustration at the smallest scale."

Rutgers researchers are optimistic about the future applications of intercrystals, opening new possibilities for exploring and manipulating the properties of materials at the atomic level.

"This is just the beginning," Pixley said. "We are excited to see where this discovery will lead us and how it will impact technology and science in the years to come."

Other Rutgers researchers who contributed to the study included research associates Xinyuan Lai, Guohong Li and Angela Coe of the Department of Physics and Astronomy.

Scientists from the National Institute for Materials Science in Japan also contributed to the study.
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Good news for people with migraine who take drugs before or during pregnancy | ScienceDaily
There's good news for people with migraine who take common drugs before or during pregnancy -- a new study found no increase in neurodevelopmental disorders such as autism and ADHD in their children. The study, which looked at drugs used for migraine attacks called triptans, is published on May 21, 2025, online in Neurology(r), the medical journal of the American Academy of Neurology.


						
The study does not prove that there is a link between these drugs and neurodevelopment disorders.

"These results are encouraging for people with migraine, who may be taking these drugs before they even know that they are pregnant, and this is helpful information for their physicians, who can make more informed decisions about treating people with debilitating migraine attacks," said study author Hedvig Nordeng, PhD, of the University of Oslo in Norway.

For the study, researchers used health registry records for the entire Norwegian population and identified 26,210 pregnancies in female participants with migraine at the start of pregnancy. Of those, 21,281 people, or over 80%, had taken triptans in the year before they became pregnant and 4,929 of those with migraine had not taken any triptans during that time. For those who took the drugs, researchers divided them into four groups: people who had low use of triptans and stopped using them before pregnancy (42%); people who increased using triptans six months before pregnancy and stopped using them in early pregnancy (31%); people who had moderate triptan use before pregnancy and continued into early pregnancy (21%); and people who used triptans before and during pregnancy (6%).

Then researchers followed the children born for an average of eight years and up until they were 14 years old for some. They checked health registries for diagnoses of neurodevelopmental disorders including autism spectrum disorder, behavioral disorders, learning and intellectual disabilities, speech and language and developmental coordination disorders and attention deficit hyperactivity disorder (ADHD).

Overall, 1,140 children, or 4.3%, were diagnosed with a neurodevelopmental disorder during the study. The most common were ADHD and speech and language disorders. A total of 2.2% of the children of people with the highest use of triptans were diagnosed with ADHD, compared to 2.1% of the children of people with migraine who did not use the drugs. A total of 1.1% of the children of people with the highest use of the drugs were diagnosed with speech and language disorders, compared to 1.0% of children of people who did not use the drugs. When researchers adjusted the results to account for other factors that could affect the risk of neurodevelopmental disorders, such as a parent having a neurodevelopmental disorder, folic acid intake or use of other drugs such as opioids or antidepressants, they found no increased risk for neurodevelopmental disorders among children exposed to triptans prenatally.

"Migraine affects almost one in five of people of childbearing age," Nordeng said. "While symptoms often improve during pregnancy, about 8% of people experience worsening attacks during pregnancy, which can lead to increased risks of both maternal and fetal complications, so it's vital to have treatment options available."

A limitation of the study was that researchers did not verify that people took their migraine medications, only that they filled their prescriptions, so the actual drug exposure may be different than the estimates.
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Vitamin D supplements show signs of protection against biological aging | ScienceDaily
Results from the VITAL randomized controlled trial reveal that vitamin D supplementation helps maintain telomeres, protective caps at the ends of chromosomes that shorten during aging and are linked to the development of certain diseases. The new report, which is published in The American Journal of Clinical Nutrition, is based on data from a VITAL sub-study co-led by researchers at Mass General Brigham and the Medical College of Georgia, and supports a promising role in slowing a pathway for biological aging.


						
"VITAL is the first large-scale and long-term randomized trial to show that vitamin D supplements protect telomeres and preserve telomere length," said co-author JoAnn Manson, MD, principal investigator of VITAL and chief of the Division of Preventive Medicine at Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system. "This is of particular interest because VITAL had also shown benefits of vitamin D in reducing inflammation and lowering risks of selected chronic diseases of aging, such as advanced cancer and autoimmune disease."

Telomeres are made of repeating sequences of DNA, or base pairs, that prevent chromosome ends from degrading or fusing with other chromosomes. Telomere shortening is a natural part of aging and is associated with an increased risk of various age-related diseases.

A few short-term, small-scale studies have suggested that vitamin D or omega 3 fatty acid supplementation may help support telomeres, but results have been inconsistent. VITAL is a randomized, double-blind, placebo-controlled trial of vitamin D3 (2,000 IU/day) and omega 3 fatty acid (1 g/day) supplementation that tracked U.S. females aged 55 years and older and males aged 50 years and older for five years. The VITAL Telomere sub-study included 1,054 of these participants, whose telomere length in white blood cells was assessed at baseline and at Year 2 and Year 4.

Compared with taking placebo, taking vitamin D3 supplements significantly reduced telomere shortening over four years, preventing the equivalent of nearly three years of aging compared with placebo. Omega 3 fatty acid supplementation had no significant effect on telomere length throughout follow-up.

"Our findings suggest that targeted vitamin D supplementation may be a promising strategy to counter a biological aging process, although further research is warranted," said Haidong Zhu, PhD, first author of the report and a molecular geneticist at the Medical College of Georgia, Augusta University.
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Imaging technique removes the effect of water in underwater scenes | ScienceDaily
The ocean is teeming with life. But unless you get up close, much of the marine world can easily remain unseen. That's because water itself can act as an effective cloak: Light that shines through the ocean can bend, scatter, and quickly fade as it travels through the dense medium of water and reflects off the persistent haze of ocean particles. This makes it extremely challenging to capture the true color of objects in the ocean without imaging them at close range.


						
Now a team from MIT and the Woods Hole Oceanographic Institution (WHOI) has developed an image-analysis tool that cuts through the ocean's optical effects and generates images of underwater environments that look as if the water had been drained away, revealing an ocean scene's true colors. The team paired the color-correcting tool with a computational model that converts images of a scene into a three-dimensional underwater "world," that can then be explored virtually.

The researchers have dubbed the new tool "SeaSplat," in reference to both its underwater application and a method known as 3D gaussian splatting (3DGS), which takes images of a scene and stitches them together to generate a complete, three-dimensional representation that can be viewed in detail, from any perspective.

"With SeaSplat, it can model explicitly what the water is doing, and as a result it can in some ways remove the water, and produces better 3D models of an underwater scene," says MIT graduate student Daniel Yang.

The researchers applied SeaSplat to images of the sea floor taken by divers and underwater vehicles, in various locations including the U.S. Virgin Islands. The method generated 3D "worlds" from the images that were truer and more vivid and varied in color, compared to previous methods.

The team says SeaSplat could help marine biologists monitor the health of certain ocean communities. For instance, as an underwater robot explores and takes pictures of a coral reef, SeaSplat would simultaneously process the images and render a true-color, 3D representation, that scientists could then virtually "fly" through, at their own pace and path, to inspect the underwater scene, for instance for signs of coral bleaching.

"Bleaching looks white from close up, but could appear blue and hazy from far away, and you might not be able to detect it," says Yogesh Girdhar, an associate scientist at WHOI. "Coral bleaching, and different coral species, could be easier to detect with SeaSplat imagery, to get the true colors in the ocean."

Girdhar and Yang will present a paper detailing SeaSplat at the IEEE International Conference on Robotics and Automation (ICRA). Their study co-author is John Leonard, professor of mechanical engineering at MIT.




Aquatic optics

In the ocean, the color and clarity of objects is distorted by the effects of light traveling through water. In recent years, researchers have developed color-correcting tools that aim to reproduce the true colors in the ocean. These efforts involved adapting tools that were developed originally for environments out of water, for instance to reveal the true color of features in foggy conditions. One recent work accurately reproduces true colors in the ocean, with an algorithm named "Sea-Thru," though this method requires a huge amount of computational power, which makes its use in producing 3D scene models challenging.

In parallel, others have made advances in 3D gaussian splatting, with tools that seamlessly stitch images of a scene together, and intelligently fill in any gaps to create a whole, 3D version of the scene. These 3D worlds enable "novel view synthesis," meaning that someone can view the generated 3D scene, not just from the perspective of the original images, but from any angle and distance.

But 3DGS has only successfully been applied to environments out of water. Efforts to adapt 3D reconstruction to underwater imagery have been hampered, mainly by two optical underwater effects: backscatter and attenuation. Backscatter occurs when light reflects off of tiny particles in the ocean, creating a veil-like haze. Attenuation is the phenomenon by which light of certain wavelengths attenuates, or fades with distance. In the ocean, for instance, red objects appear to fade more than blue objects when viewed from farther away.

Out of water, the color of objects appears more or less the same regardless of the angle or distance from which they are viewed. In water, however, color can quickly change and fade depending on one's perspective. When 3DGS methods attempt to stitch underwater images into a cohesive 3D whole, they are unable to resolve objects due to aquatic backscatter and attenuation effects that distort the color of objects at different angles.

"One dream of underwater robotic vision that we have is: Imagine if you could remove all the water in the ocean. What would you see?" Leonard says.




A model swim

In their new work, Yang and his colleagues developed a color-correcting algorithm that accounts for the optical effects of backscatter and attenuation. The algorithm determines the degree to which every pixel in an image must have been distorted by backscatter and attenuation effects, and then essentially takes away those aquatic effects, and computes what the pixel's true color must be.

Yang then worked the color-correcting algorithm into a 3D gaussian splatting model to create SeaSplat, which can quickly analyze underwater images of a scene and generate a true-color, 3D virtual version of the same scene that can be explored in detail from any angle and distance.

The team applied SeaSplat to multiple underwater scenes, including images taken in the Red Sea, in the Carribean off the coast of Curacao, and the Pacific Ocean, near Panama. These images, which the team took from a pre-existing dataset, represent a range of ocean locations and water conditions. They also tested SeaSplat on images taken by a remote-controlled underwater robot in the U.S. Virgin Islands.

From the images of each ocean scene, SeaSplat generated a true-color 3D world that the researchers were able to virtually explore, for instance zooming in and out of a scene and viewing certain features from different perspectives. Even when viewing from different angles and distances, they found objects in every scene retained their true color, rather than fading as they would if viewed through the actual ocean.

"Once it generates a 3D model, a scientist can just 'swim' through the model as though they are scuba-diving, and look at things in high detail, with real color," Yang says.

For now, the method requires hefty computing resources in the form of a desktop computer that would be too bulky to carry aboard an underwater robot. Still, SeaSplat could work for tethered operations, where a vehicle, tied to a ship, can explore and take images that can be sent up to a ship's computer.

"This is the first approach that can very quickly build high-quality 3D models with accurate colors, underwater, and it can create them and render them fast," Girdhar says. "That will help to quantify biodiversity, and assess the health of coral reef and other marine communities."

This work was supported, in part, by the Investment in Science Fund at WHOI, and by the U.S. National Science Foundation.
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A one-pixel camera for recording holographic movies | ScienceDaily
A new camera setup can record three-dimensional movies with a single pixel. Moreover, the technique can obtain images outside the visible spectrum and even through tissues. The Kobe University development thus opens the door to holographic video microscopy.


						
Holograms are not only used as fun-to-look-at safety stickers on credit cards, electronic products or banknotes; they have scientific applications in sensors and in microscopy as well. Traditionally, holograms require a laser for recording, but more recently, techniques that can record holograms with ambient light or light emanating from a sample have been developed. There are two main techniques that can achieve this: one is called "FINCH" and uses a 2D image sensor that is fast enough to record movies, but is limited to visible light and an unobstructed view, while the other is called "OSH," which uses a one-pixel sensor and can record through scattering media and with light outside the visual spectrum, but can only practically record images of motionless objects.

Kobe University applied optics researcher YONEDA Naru wanted to create a holographic recording technique that combines the best of both worlds. To tackle the speed-limiting weak point of OSH, he and his team constructed a setup that uses a high-speed "digital micromirror device" to project onto the object the patterns that are required for recording the hologram. "This device operates at 22 kHz, whereas previously used devices have a refresh rate of 60 Hz. This is a speed difference that's equivalent to the difference between an old person taking a relaxed stroll and a Japanese bullet train," Yoneda explains.

In the journal Optics Express, the Kobe University team now publish the results of their proof-of-concept experiments. They show that their setup can not only record 3D images of moving objects, but they could also construct a microscope that can record a holographic movie through a light-scattering object -- a mouse skull to be precise.

Admittedly, the frame rate of just over one frame per second was still fairly low. But Yoneda and his team showed in calculations that they could in theory get that frame rate up to 30 Hz, which is a standard screen frame rate. This would be achieved through a compression technique called "sparse sampling," which works by not recording every portion of the picture all the time.

So, where will we be able to see such a hologram? Yoneda says: "We expect this to be applied to minimally invasive, three-dimensional biological observation, because it can visualize objects moving behind a scattering medium. But there are still obstacles to overcome. We need to increase the number of sampling points, and also the image quality. For that, we are now trying to optimize the patterns we project onto the samples and to use deep-learning algorithms for transforming the raw data into an image."

This research was funded by the Kawanishi Memorial ShinMaywa Education Foundation, the Japan Society for the Promotion of Science (grants 20H05886, 23K13680), the Agencia Estatal de Investigacion (grant PID2022-142907OB-I00) and the European Regional Development Fund, and the Generalitat Valenciana (grant CIPROM/2023/44). It was conducted in collaboration with researchers from Universitat Jaume I.
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Enormous boulder washed inland a sign of Pacific tsunami history | ScienceDaily
Analysis has shown a boulder weighing almost 1,200 tonnes in Tonga is one of the largest known wave-transported rocks in the world, providing new insights into the Pacific region's history and risk of tsunamis.


						
PhD candidate Martin Kohler from The University of Queensland's School of the Environment says the Maka Lahi boulder measuring 14 x 12 x 6.7 metres was moved more than 200 metres inland by a tsunami around 7,000 years ago.

"We had been surveying the southern side of the island of Tongatapu looking along the coastal cliffs at evidence of past tsunamis," Mr Kohler said.

"It was late in the day, and we were talking to some farmers when they directed us to this boulder.

"I was so surprised; it is located far inland and outside of our field work area and must have been carried by a very big tsunami.

"It was quite unbelievable to see this big piece of rock sitting there covered in and surrounded by vegetation.

"We made a 3D model and then went back to the coast and found the spot the boulder could have come from, on a cliff over 30 metres above the sea level."

The Maka Lahi boulder is the world's largest known cliff-top boulder.




Numerical modelling has established that wave heights of around 50 metres lasting around 90 seconds were needed to dislodge it from its cliff-edge origin and move it to its resting place.

Co-author Dr Annie Lau, a coastal geomorphologist, said Tonga had a long history of tsunamis triggered by volcanic eruptions along the underwater Tofua Ridge and the Tonga Trench.

"Tonga's most recent tsunami in 2022 killed 6 people and caused a lot of damage," Dr Lau said.

"Understanding past extreme events is critical for hazard preparation and risk assessment now and in the future.

"The findings we have reported on the Maka Lahi boulder are the evidence of a tsunami in the Pacific region in the Holocene epoch which began around 11,700 years ago.

"The analysis strengthens our understanding of wave transportation of rocks to improve coastal-hazard assessments in tsunami-prone regions around the world."
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Unlocking the secrets of bat immunity | ScienceDaily
Bats are known as natural hosts for highly pathogenic viruses such as MERS- and SARS-related coronaviruses, as well as the Marburg and Nipah viruses. In contrast to the severe and often fatal disease outcomes these viruses cause in humans, bats generally do not show obvious signs of viral illness following infection. An international research team led by Dr. Max Kellner and Prof. Josef Penninger, Scientific Director of the Helmholtz Centre for Infection Research (HZI), has developed an innovative organoid research platform that allowed them to closely investigate the cellular antiviral defense mechanisms of mucosal epithelial tissues of bats. The results have now been published in Nature Immunology and could pave the way for the development of new therapies against viral diseases.


						
To investigate the innate immune defenses against viruses at the mucosal surfaces of bats, the research team developed organoids from the respiratory and intestinal tissue of Egyptian fruit bats (Rousettus aegyptiacus), the natural host of the highly pathogenic Marburg virus and other viruses known to be threats for humans. "Due to their unique lifestyle and low reproductive rates, bats are challenging animals to study. We therefore generated organoids from mucosal bat tissue, as these epithelial cell models proliferate well in culture and mimic the initial viral exposure -- mucosal surfaces serve as entry points for many viruses into the body and orchestrate antiviral responses to infections," explains Max Kellner, who joined HZI in April 2025 as a junior research group leader to further investigate virus-host co-evolution.

The Egyptian fruit bat is the natural host of the highly pathogenic Marburg virus, which causes severe hemorrhagic fever in humans, leading to death in 30-90 % of infected individuals. Furthermore, there are no approved antiviral therapies or vaccines for Marburg virus disease to date. In close collaboration with Prof. Ali Mirazimi's team at the Karolinska Institute in Stockholm, the researchers successfully infected both bat organoids and human airway organoids with the Marburg virus in a high-security Biosafety Level 4 (S4) laboratory. Compared to the human models, bat organoids exhibited a significantly higher baseline antiviral immune activity even before infection.

"Our experiments on organoids showed that epithelial cells from Egyptian fruit bats, compared to those from humans, exhibit a significantly stronger baseline antiviral defense and an enhanced ability to induce innate immune responses to viral infections, particularly through the interferon system," explains Max Kellner. "Interferons are a central component of the innate immune system and combat viral infections by activating hundreds of antiviral genes in cells. This likely enables bats to control viral replication early in infected mucosal tissues, while human cells are less effective at recognizing the Marburg virus in the early stages of infection, allowing uncontrolled replication and spread throughout the body."

Particularly, type III interferons appeared to play a crucial role in the mucosal antiviral immunity of Egyptian fruit bats: After infection with a variety of zoonotic viruses, bat organoids exhibited an exceptionally strong production of these interferons. Through additional type III interferon stimulation experiments and genetic modifications, such as the targeted knockout of the interferon system using CRISPR/Cas9, the strong antiviral activity of these interferons was confirmed. In addition, the researchers also discovered a self-amplifying gene regulatory mechanism of type III interferon expression, which provides long-lasting protection against viruses. "The results of this study suggest that bats can effectively prevent uncontrolled viral replication through a combination of various innate immune processes, thereby avoiding viral diseases," says Josef Penninger. "For the development of antiviral therapies and the fight against future pandemics, understanding the resilience mechanisms of these animals against highly pathogenic viruses and the evolutionary adaptation of their immune systems is essential."

In addition to the novel insights into the antiviral mechanisms of bat mucosal tissues, bat organoids will offer an innovative platform for more precise studies of the complex biology of bats at the genetic and molecular levels. The research team now plans to further develop the organoid models in terms of complexity and make them available to the scientific community. "It is particularly important to us to make our findings and the newly developed platform accessible to all researchers in the spirit of democratization," says Josef Penninger. "Only by working together we can understand the complex mechanisms that evolution has shaped in animals like bats, and from this, develop new approaches for combating and treating viral diseases."

Tissue samples for organoid generation were obtained from a breeding colony of Egyptian fruit bats at the Friedrich-Loeffler-Institut (FLI) in Greifswald. The majority of the research was conducted at the Medical University of Vienna and the Institute of Molecular Biotechnology of the Austrian Academy of Sciences (IMBA) at the Vienna BioCenter, in cooperation with the HZI.
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Promising new way to modulate brain cell activity to potentially treat major depressive disorder in adults | ScienceDaily
A mechanism involving potassium channels in the brain that control brain cell activity could provide a new and fundamentally different way of treating depression symptoms in adults with major depressive disorder, according to two complementary papers published recently by researchers at the Icahn School of Medicine at Mount Sinai.


						
In two new research articles, published in Biological Psychiatry and Molecular Psychiatry, the researchers provide new insights into how a drug called ezogabine may impact the brain to improve depression.

"Depression is a devastating public health problem, and our understanding of what changes in the brain to cause the illness is still very limited," says James Murrough, MD, PhD, Director of the Depression and Anxiety Center for Discovery and Treatment at Mount Sinai and senior author of both studies. "Our work represents a major step in unraveling the potential role of a specific protein complex in the brain -- the KCNQ channel -- and how targeting it could eventually offer a significant new modality for treating depression."

Ezogabine was approved by the U.S. Food and Drug Administration in 2011 as an anticonvulsant medication for partial-onset seizures in adults with epilepsy. Previous neuroscience research in mice, conducted by researchers at The Friedman Brain Institute at Mount Sinai, suggested that increasing KCNQ channel activity could also represent a new approach to treating depression.

Building on these findings, Dr. Murrough's research team became the first to test the hypothesis in humans with depression. That study, published in the American Journal of Psychiatry in 2021, revealed ezogabine was associated with significant improvements in depression symptoms and the ability to experience pleasure (anhedonia) in patients who were treated with the drug compared to patients who received placebo. The two new papers provide details from new analyses of the human brain imaging data collected from that initial clinical trial.

The first of the two papers, published in Molecular Psychiatry, sheds light on the effects of ezogabine on a specific brain pathway. This study examined the impact of ezogabine on the ventral tegmental area (VTA) of the brain, which is involved in the release of dopamine, a neurotransmitter essential for motivation, pleasure, and reinforcement of behaviors. The results, based on functional magnetic resonance imaging, showed an important role for KCNQ channel openers like ezogabine in normalizing hyperactivity of the VTA in people with both depression and anhedonia.

"Up to half of people with depression do not respond to first-line treatment, which may be due to the lack of interventions that directly affect the neurobiology underlying symptoms like anhedonia," says Laurel S. Morris, PhD, Adjunct Professor of Psychiatry at the Icahn School of Medicine and first author of the paper. "By specifically targeting VTA activity and connectivity, ezogabine could open the door to decidedly improved outcomes for people who struggle daily with depression and anhedonia."

In a second paper, published in Biological Psychiatry, research revealed that ezogabine was able to normalize connectivity between the brain's key reward regions and larger-scale brain networks including the posterior cingulate cortex, which plays a key role in internally directed thought and negative emotions. Patients who experienced greater improvement in their depression and anhedonia when treated with ezogabine showed decreased connectivity between brain reward regions and the cingulate cortex.




Together, these two complementary studies suggest that KCNQ channel openers can potentially alleviate the specific known neurobiological changes that occur in animal models of depression as well as change the function of larger brain networks that might be uniquely used in humans to regulate thought processes such as rumination.

"These findings suggested to us that drugs targeting the KCNQ channel may trigger antidepressant effects by reducing interactions between the reward centers in the brain and those related to negative thinking and emotion," Dr. Murrough explains. "This hypothesis will require confirmation in larger clinical trials."

Dr. Murrough is a named inventor on a pending patent application for the use of ezogabine and other KCNQ channel openers to treat depression and related disorders.
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Engineered bacteria can deliver antiviral therapies, vaccines | ScienceDaily
New research from the University of Cincinnati demonstrates how specially engineered bacteria taken orally can operate as a delivery system for antiviral therapies and vaccines.


						
The research, led by Nalinikanth Kotagiri, PhD, was recently published in the journal Gut Microbes. 

Study background 

Kotagiri's lab focuses on engineering probiotic bacteria to accomplish a wide variety of functions, from breaking down cancer's defenses to imaging and diagnosing lung infections.

A few years ago, the team asked whether the same chassis, using the bacterium E.coli Nissle 1917, could ferry antiviral therapeutic agents or vaccine antigens directly to the gut, a major portal of viral entry. The team focused on the COVID-19 virus, SARS-CoV-2, for the proof of concept research.

"Oral delivery lets us target the mucosal surfaces where pathogens first gain a foothold while avoiding needles and cold-chain logistics," said Kotagiri, an associate professor in UC's James L. Winkle College of Pharmacy.

Vaccine platform 

Most engineered bacteria keep their therapeutic cargo inside the cell, but vaccines work best when antigens are presented to the immune system. The UC team therefore displayed viral proteins on the bacterial surface and harnessed outer-membrane vesicles (OMVs) -- nano-sized spheres that bacteria naturally shed -- to act as self-propelled delivery vehicles. Once released, OMVs traffic through the gut epithelium, enter blood circulation and distribute their payload to distant tissues.




Nitin S. Kamble, PhD, a research scientist in Kotagiri's lab, systematically screened anchor motifs and expression cassettes to optimize antigen density on the probiotic surface. For the vaccine version, the bacteria was designed to express the spike protein found on the surface of the virus that causes COVID-19. This same spike protein is currently delivered through mRNA COVID-19 vaccines.

Kotagiri said current vaccines are safe and effective at providing what is called systemic immunity, as antibodies move throughout the whole body in the bloodstream. But there are gateways in the body where viruses typically enter -- through mucosal lining in the gastrointestinal system, lungs and other organs -- that can be targeted to provide what is called mucosal immunity.

In preclinical animal studies, a two-dose oral regimen generated blood-borne (systemic) antibody levels comparable to intramuscular mRNA vaccination. Notably, it produced markedly higher levels of secretory immunoglobulin A (IgA) in the gut and airways -- the antibodies that underlie mucosal immunity, considered critical for blocking infection at the point of entry.

Therapy platform 

While vaccines are delivered before a person is infected with a virus, antiviral therapies such as monoclonal antibodies are given as a treatment after infection.

The team developed another version of engineered E.coli Nissle 1917 to display therapeutic proteins on the surface. To create a post-exposure therapy, the team encoded anti-spike nanobodies: antibodies that are one-tenth the size of conventional monoclonal antibodies.




Although full viral-challenge studies are pending, nanobodies released from the engineered bacteria reached the bloodstream, likely facilitated by OMVs, and accumulated in lung tissue, where they neutralized SARS-CoV-2 in ex-vivo assays.

''A unique aspect of this approach is the use of OMVs as natural postmasters, efficiently packaging and delivering these therapeutic molecules to their intended targets,'' said Kamble. "OMVs can fuse with host cells and deliver a concentrated payload of therapeutic proteins, making them ideal for mucosal delivery."

Current IV infusions typically deliver a larger quantity of monoclonal antibodies, but because the probiotic can reside in the gut for days or weeks, it offers a self-renewing and sustained depot of antiviral molecules.

Next steps 

Now that the team has optimized the bacteria for this purpose, Kotagiri has identified an opportunity for quick adaptation of this platform to develop oral vaccines and therapies for common viruses like influenza and norovirus.

"All that optimization was necessary for us to prove that this is a platform that we can take forward," he said. "If you have a nanobody or antigens against a virus, we can plug that into our construct."

Clinical trials will validate the safety and efficacy of this delivery system for new engineered bacteria targeting other viruses. But Kotagiri said that so far the engineered bacteria have been found to be safe to use and do not generate any adverse immune response or side effects in animal models. Moreover, the parent strain of bacteria has decades of safe use as a probiotic.

"In the future, maybe we can integrate both agents so the same bacteria has both the vaccine and the nanobody therapy components," he said. "But the common denominator is the bacteria, where it has the versatility to do both vaccination and therapy, orally."

Other coauthors include Shindu Thomas, Tushar Madaan, Nadia Ehsani, Saqib Sange, Kiersten Tucker, Alexis Muhumure and Sarah Kunkler. Kamble and Kotagiri have filed a patent application with the U.S. Patent and Trademark Office related to this work. All other authors declare no competing interests.

This work was supported by grants from NIH: R01HL168588, R01CA279962; CDMRP: ME200246; University of Cincinnati Office of Research and College of Pharmacy to Kotagiri.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250521124626.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



How to use AI to listen to the 'heartbeat' of a city | ScienceDaily
When Jayedi Aman looks at a city, he notices more than just its buildings and streets -- he considers how people move through and connect with those spaces. Aman, an assistant professor of architectural studies at the University of Missouri, suggests that the future design of cities may be guided as much by human experience as by physical materials.


						
In a recent study, Aman and Tim Matisziw, a professor of geography and engineering at Mizzou, took a fresh approach to urban research by using artificial intelligence to explore the emotional side of city life. Their goal was to better understand the link between a city's physical features and how people feel in those environments.

Using public Instagram posts with location tags, the researchers trained an AI tool to read the emotional tone of the images and text of the posts, identifying whether people were happy, frustrated or relaxed. Then, using Google Street View and a second AI tool, they analyzed what those places looked like in real life and linked those features to how people felt in the moment they posted to social media.

As a result, Aman and Matisziw created a digital "sentiment map" that shows what people are feeling across a city. Next, they plan to use this information to create a digital version of a city -- called an urban digital twin -- that can show how people are feeling in real time.

This kind of emotional mapping gives city leaders a powerful new tool. Instead of relying solely on surveys -- which take time and may not reach everyone -- this AI-powered method uses data people already share online.

"For example, if a new park gets lots of happy posts, we can start to understand why," Aman, who leads the newly established Spatial Intelligence Lab at Mizzou, said. "It might be the green space, the quiet nature or the sense of community. We can now connect those feelings to what people are seeing and experiencing in these places."

Beyond parks, this tool could help officials improve services, identify areas where people feel unsafe, plan for emergencies or check in on public well-being after disasters.

"AI doesn't replace human input," Matisziw said. "But it gives us another way to spot patterns and trends that we might otherwise miss, and that can lead to smarter decisions."

The researchers believe this information about how people feel could one day be shown next to traffic and weather updates on digital tools used by leaders to make decisions about city operations.

"We envision a future where data on how people feel becomes a core part of city dashboards," Aman said. "This opens the door to designing cities that not only work well but also feel right to the people who live in them."
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Physics advance details new way to control solid objects in liquid | ScienceDaily
Researchers have detailed the physics behind a phenomenon that allows them to create spin in liquid droplets using ultrasound waves, which concentrates solid particles suspended in the liquid. The discovery will allow researchers to engineer technologies that make use of the technique to develop applications in fields such as biomedical testing and drug development.


						
"By creating ultrasound waves on the surface of a piezoelectric substrate, we can induce spin in a liquid droplet that is resting on that substrate," explains Chuyi Chen, an assistant professor of mechanical and aerospace engineering at North Carolina State University and co-lead author of a paper on the work. "The oscillation of the ultrasound waves pushes the fluid inside the droplet to stream in a circle, but the surface tension of the droplet prevents the droplet from spreading out into a flat sheet. A combination of forces from the ultrasound waves, the spinning droplet, and the fluid moving within the droplet drives particles inside the droplet to move in a helical pattern, essentially corkscrewing through the droplet to come together at a central point.

"This is a novel way of concentrating solid particles in a liquid solution, which can be extremely useful," Chen says. "For example, concentrating the contents of a cell could make it easier for sensors to detect relevant materials for biomedical assays."

But in order to develop technologies that make use of this phenomenon, researchers need to understand exactly what is driving it.

"This paper is a significant advance, because it lays out in detail the physics responsible for controlling particles inside the droplet," Chen says. "Now that we understand the forces involved, we can make informed decisions and engineer technologies to concentrate particles in a liquid sample in a controlled way."

One key aspect of these findings is that you can influence the movement of particles within the droplet by manipulating any of several parameters: the surface tension of the liquid, the radius of the droplet, and the amplitude of the ultrasound waves.

"This gives us multiple mechanisms for fine-tuning the rotation of the system and the behavior of the particles," says Chen.

In addition to its potential utility in biomedical applications, the new technique also holds promise for use in exploring a range of research questions related to the physics of rotating systems.

"For example, we can create tornado-like vortex flows or study Coriolis-driven transport on a very small scale," says Chen. "It allows us to explore physics questions in a way that is compact, easily observable and relatively inexpensive, as compared to larger-scale techniques."

The work was done with support from the National Institutes of Health, under grants R01GM132603 and R01GM141055; and from the National Science Foundation, under grant 2104295.
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Emotional expressions shape how help is received in the workplace | ScienceDaily
The way people express emotions while helping others can influence whether their assistance is welcomed, resented, or reciprocated, according to new research from Washington State University's Carson College of Business.


						
The study, led by Stephen Lee, assistant professor of management, found that helpers who express emotions like gratitude and sympathy are more likely to be seen as having genuine motives and are more likely to foster trust and future collaboration. Conversely, when helpers display pride or contempt, their motives are often questioned, weakening relationships and reducing the likelihood of reciprocation.

"In the workplace, we often encourage helping behaviors, but not all help is perceived the same way," Lee said. "It's not just whether you help, but how you help -- and the emotions you express -- that shape how people respond."

The research paper, "Emotional Signaling: How Helpers' Emotional Expressions Affect Attributions of Motives, Relationship Quality, and Reciprocation," is coauthored with Michael D. Johnson at the University of Washington and published in the Academy of Management Journal.

While past research often treated helping behavior as universally positive, the new findings suggest that recipients actively interpret emotional cues when deciding whether to trust and reciprocate help.

"Recipients are not passive; they pick up on emotional signals and use them to infer why someone is helping," Lee said. "If they sense the helper is motivated by self-interest or obligation, it changes the way they perceive the help and whether they feel inclined to return the favor."

The findings were based on three studies and a preliminary pilot study involving working adults and student participants. Participants were asked to either recall real-world helping experiences, take part in an interactive task in a behavioral lab, or respond to a vignette simulating interactions with a coworker.




Across all the studies, socially engaging emotions consistently led to perceptions of prosocial motives, stronger relationships, and greater willingness to reciprocate.

For leaders and managers, the study highlights the role of emotional expressions in shaping a culture of collaboration. Rather than encouraging helping behavior for its own sake, Lee recommends fostering a workplace environment where employees feel genuine gratitude for their colleagues and develop a natural sense of sympathy for others' challenges.

"Helping that stems from gratitude or concern for others is more likely to create positive, lasting relationships," Lee said. "If leaders can model those kinds of emotions in how they help their teams, it sets the tone for a more supportive and engaged workplace."

At the individual level, employees can also benefit by reflecting on their own experiences of receiving help or by practicing perspective-taking -- approaches that naturally foster more authentic emotions and social connections.

"When we express genuine gratitude or sympathy, we're not just benefiting ourselves," Lee said. "We're strengthening our workplace relationships and building a more resilient culture of collaboration."
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Unveiling the secrets of planet formation in environments of high UV radiation | ScienceDaily
The fundamental building blocks for planet formation can exist even in environments with extreme ultraviolet radiation, according to a new study by an international collaboration led by Penn State astronomers. The study leveraged the unparalleled capabilities of NASA's James Webb Space Telescope (JWST) and sophisticated thermochemical modeling to investigate a protoplanetary disk -- the dust and gas surrounding a new star that can eventually give rise to planets and other celestial bodies -- in one of the most extreme environments in the galaxy.


						
A paper describing the study appeared May 20 in The Astrophysical Journal.

"Astronomers have long sought to understand how planets form within the swirling disks of gas and dust that encircle young stars," said Bayron Portilla-Revelo, a postdoctoral researcher in astronomy and astrophysics in the Eberly College of Science at Penn State and lead author of the study. "These structures -- referred to as protoplanetary disks -- are the birthplaces of extrasolar systems, like our own solar system, which formed 4.5 billion years ago. Protoplanetary disks often form in proximity to massive stars that emit substantial amounts of ultraviolet (UV) radiation, potentially disrupting the disks and affecting their capability to form planets. While significant progress has been made by studying protoplanetary disks in nearby star-forming regions, these regions lack the intense UV radiation present in more massive and common stellar nurseries."

UV radiation refers to non-visible light with more energy than visible light. On Earth, this can damage cells, ranging from a mild sunburn to skin cancer. In space, without a planet's atmospheric filters, UV radiation is far more intense. The focus of the study was a young, solar-mass star known as XUE 1, located approximately 5,500 light-years away from our sun, within a region called the Lobster Nebula, also known as NGC 6357. This region is renowned for harboring over 20 massive stars, two of which are among the most massive known in our galaxy and are extreme UV emitters. In the same region, the team observed a dozen lower-mass young stars with protoplanetary disks subjected to intense ultraviolet radiation.

Combining JWST observations with sophisticated astrochemical models, the researchers identified the composition of tiny dust grains in the protoplanetary disk around XUE 1 that will eventually grow to form rocky planets. They found that the disk contains sufficient solid material to potentially form at least 10 planets, each with a mass comparable to that of Mercury. The authors also determined the spatial distribution in the disk of a variety of previously detected molecules, including water vapor, carbon monoxide, carbon dioxide, hydrogen cyanide and acetylene.

"These molecules are expected to contribute to the formation of the atmospheres of emerging planets," said Konstantin Getman, research professor in the Department of Astronomy and Astrophysics at Penn State and co-author of the study. "The detection of such reservoirs of dust and gas suggests that the fundamental building blocks for planet formation can exist even in environments with extreme ultraviolet radiation."

Moreover, based on the absence of certain molecules that serve as tracers of UV irradiation in the light detected by JWST, the team inferred that the protoplanetary disk is compact and devoid of gas in its outskirts. It extends only about 10 astronomical units -- a measure based on the average distance between the Earth and sun -- from the host star, roughly the distance from the sun to Saturn. This compactness is likely a result of the external UV radiation eroding the outer regions of the disk, according to the research team.




"These findings support the idea that planets form around stars even when the natal disk is exposed to strong external radiation," said Eric Feigelson, distinguished senior scholar and professor of astronomy and astrophysics and of statistics at Penn State. "This helps explain why astronomers are finding that planetary systems are very common around other stars."

The study of XUE 1 represents a pivotal step in understanding the impact of external radiation on protoplanetary disks, the researchers said. It lays the groundwork for future observational campaigns with both space- and ground-based telescopes aimed at building a more comprehensive picture of planet formation across different cosmic environments. This research underscores the transformative capabilities of NASA's James Webb satellite observatory in probing the intricacies of planet formation and highlights the resilience of protoplanetary disks in the face of formidable environmental challenges, according to Portilla-Revelo.

In addition to Portilla-Revelo, Getman and Feigelson, the research team includes Maria Claudia Ramirez-Tannus and Thomas Henning at the Max-Planck Institut fur Astronomie in Heidelberg, Germany; Thomas J. Haworth at Queen Mary University of London; Rens Waters at Radboud University and SRON Netherlands Institute for Space Research in the Netherlands; Arjan Bik and Jenny Frediani at Stockholm University in Sweden; Inga Kamp at University of Groningen in the Netherlands; Sierk E. van Terwisga at the Austrian Academy of Sciences; Andrew J. Winter at the Universite Cote d'Azur in Nice, France, and the Max-Planck Institut fur Astronomie in Heidelberg, Germany; Veronica Roccatagliata at the Universitadi Bologna and INAF-Osservatorio Astrofisico di Arcetri in Italy; Thomas Preibisch at Ludwig-Maximilians-Universitat in Germany; Elena Sabbi at the Gemini Observatory in Tucson, Arizona; Peter Zeidler at the Space Telescope Science Institute in Baltimore, Maryland; and Michael A. Kuhn at the University of Hertfordshire in the United Kingdom.

NASA funded the research, with additional support from the Center for Exoplanets and Habitable Worlds at Penn State, the Deutsche Forschungsgemeinschaft, the international Gemini Observatory -- a program of NSF NOIRLab, which is managed by the Association of Universities for Research in Astronomy under a cooperative agreement with the U.S. National Science Foundation, the Royal Society Dorothy Hodgkin Fellowship and UKRI guaranteed funding for a Horizon Europe ERC consolidator grant, the Swedish National Space Agency, the German Aerospace Center, the German Federal Ministry for Economic Affairs and Energy, the European Union's Horizon 2020 research and innovation program, and the European Research Council via the ERC Synergy Grant "ECOGAL."
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Fool's gold: A hidden climate stabilizer | ScienceDaily
On our planet, the cycle and balance of carbon from reservoir to reservoir is a matter of life or death. Carbon moves from the atmosphere to the ocean, to carbon-based life forms, to rocks or sediments, and it can be tied up in any of these reservoirs throughout the process.


						
Imbalances within the cycle can have dramatic global impacts. For example, too much carbon in the atmosphere leads to the greenhouse effect and global warming, and too much carbon in the ocean leads to ocean acidification, which compromises conditions for marine life. How does the Earth recover from catastrophic conditions like massive volcanic eruptions?

Researchers look to extremes in the past to study how the system reacts to imbalances. In their paper published in Nature Geoscience, researchers from the University of Connecticut, University of Victoria, Yale University, University of British Columbia, and Georgia Institute of Technology detail an overlooked mechanism for how the ocean can help stabilize massive releases of carbon into the atmosphere following volcanic eruptions.

UConn Department of Earth Sciences assistant professor and the paper's lead author Mojtaba Fakhraee says a simplified way of imagining the global carbon cycle starts with an eruption of volcanic gases that release carbon into the atmosphere. Those forms of carbon like CO2 may remain in the atmosphere, whereas some can react with other elements to produce chemical species like dissolved inorganic carbon, that would be carried via rivers to the ocean.

"When the oceanic carbon balances out with the amount of CO2 in the atmosphere, they reach an equilibrium condition where the amount of CO2 in the atmosphere would be proportional to the amount of dissolved carbon species in the ocean," says Fakhraee.

However, in times of extreme imbalance, like during climate catastrophes or when huge quantities of CO2 are released into the atmosphere, researchers found that a different type of feedback kicks in.

"The feedback happens when the ocean loses oxygen, it becomes more basic, and another type of reaction becomes more dominant under low oxygen or anoxic conditions. That reaction is anaerobic respiration, which produces sulfur species," says Fakhraee.




The sulfur species formed by the reaction is iron sulfide or pyrite, which is also known as "fool's gold." The process has an overall buffering effect that preserves the alkalinity of the water and thus prevents it from becoming more acidic.

Researchers made this discovery using a coupled global carbon-sulfur cycle model that simulates geochemical processes over the past several hundred million years, including several ocean anoxic events (OAEs) and massive volcanic eruptions that released large amounts of carbon into the atmosphere. They found the production and burial of pyrite during OAEs had a substantial stabilizing effect during times of increased volcanic activity, thus buffering the oceans and playing a significant stabilizing role for millions of years.

"What it means is, the more you get of this buffering species, the more resistant the ocean becomes to change in pH and ocean acidification. This reaction is important in terms of how the ocean becomes resistant to acidification and changing pH," says Fakhraee.

These reactions happen over a very long time, when the oceans of the past periodically experienced huge influxes of volcanic gases, resulting in deoxygenation and anoxic conditions, says Fakhraee, and that is when the models showed the increase in the iron sulfide reaction, increased alkalinity, and climate stabilization.

"We found it to be quite convincing to see why some of these past oceanic anoxic events were able to recover the way they did," says Fakhraee. "Anoxic conditions were always thought of as a big problem for the oceans, but on a longer time scale this big problem can actually be a good way for the ocean and the whole earth to survive. Not everything about anoxia and oxygen loss is bad for the Earth system."

There are also important implications to the carbon cycle of today, says Fakhraee, when we are seeing deoxygenation in the ocean as atmospheric levels of CO2 increase, but there is a caveat -- time.




"We expect this process of iron sulfide formation to be important as we increase the rate of ocean deoxygenation, which would help regulate and stabilize the CO2 in the atmosphere. But do not make a mistake and think that this will help us with current climate change, because this feedback happens on a longer time scale. Humans would be drastically affected by climate change, but the Earth system has this intriguing feedback that would help the system to recover," says Fakhraee.

Although pyrite formation occurs today in some anoxic marine environments, its global impact on ocean alkalinity and carbon sequestration is minimal under current conditions. A significant uptick in this buffering mechanism would require extensive, sustained deoxygenation of the global ocean -- conditions that would be catastrophic for most marine life and profoundly disruptive to the Earth's biosphere.

"Humans and other life experiencing climate change would be severely impacted over a very short time scale. It's all about the time scale and then how much oxygen loss happens," says Fakhraee.

Another important takeaway from this research that Fakhraee reflects on is the remarkable resilience of the global carbon cycle.

"All these interconnected processes show where one small change in one part of this whole system would make a large change in another part of the system. It's intriguing to see how Earth can recover from very severe past experiences that wiped out life on the planet," says Fahkraee. "Part of the reason that Earth has experienced so many ups and downs in terms of life, and part of the reason there is hope is because there was feedback that helped Earth to recover and allowed for some other life to exist and to evolve. Earth has its own way to survive, but we need to find a way to survive, and we are in danger if we don't pay enough attention to what's happening in terms of climate change."
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'Cosmic joust': Astronomers observe pair of galaxies in deep-space battle | ScienceDaily
Astronomers have witnessed for the first time a violent cosmic collision in which one galaxy pierces another with intense radiation. Their results, published today in Nature, show that this radiation dampens the wounded galaxy's ability to form new stars. This new study combined observations from both the European Southern Observatory's Very Large Telescope (ESO's VLT) and the Atacama Large Millimeter/submillimeter Array (ALMA), revealing all the gory details of this galactic battle.


						
In the distant depths of the Universe, two galaxies are locked in a thrilling war. Over and over, they charge towards each other at speeds of 500 km/s on a violent collision course, only to land a glancing blow before retreating and winding up for another round. "We hence call this system the 'cosmic joust'," says study co-lead Pasquier Noterdaeme, a researcher at the Institut d'Astrophysique de Paris, France, and the French-Chilean Laboratory for Astronomy in Chile, drawing a comparison to the medieval sport. But these galactic knights aren't exactly chivalrous, and one has a very unfair advantage: it uses a quasar to pierce its opponent with a spear of radiation.

Quasars are the bright cores of some distant galaxies that are powered by supermassive black holes, releasing huge amounts of radiation. Both quasars and galaxy mergers used to be far more common, appearing more frequently in the Universe's first few billion years, so to observe them astronomers peer into the distant past with powerful telescopes. The light from this 'cosmic joust' has taken over 11 billion years to reach us, so we see it as it was when the Universe was only 18% of its current age.

"Here we see for the first time the effect of a quasar's radiation directly on the internal structure of the gas in an otherwise regular galaxy," explains study co-lead Sergei Balashev, who is a researcher at the Ioffe Institute in St Petersburg, Russia. The new observations indicate that radiation released by the quasar disrupts the clouds of gas and dust in the regular galaxy, leaving only the smallest, densest regions behind. These regions are likely too small to be capable of star formation, leaving the wounded galaxy with fewer stellar nurseries in a dramatic transformation.

But this galactic victim isn't all that is being transformed. Balashev explains: "These mergers are thought to bring huge amounts of gas to supermassive black holes residing in galaxy centres." In the cosmic joust, new reserves of fuel are brought within reach of the black hole powering the quasar. As the black hole feeds, the quasar can continue its damaging attack.

This study was conducted using ALMA and the X-shooter instrument on ESO's VLT, both located in Chile's Atacama Desert. ALMA's high resolution helped the astronomers clearly distinguish the two merging galaxies, which are so close together they looked like a single object in previous observations. With X-shooter, researchers analysed the quasar's light as it passed through the regular galaxy. This allowed the team to study how this galaxy suffered from the quasar's radiation in this cosmic fight.

Observations with larger, more powerful telescopes could reveal more about collisions like this. As Noterdaeme says, a telescope like ESO's Extremely Large Telescope "will certainly allow us to push forward a deeper study of this, and other systems, to better understand the evolution of quasars and their effect on host and nearby galaxies."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250521124254.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A new technology for extending the shelf life of produce | ScienceDaily
We've all felt the sting of guilt when fruit and vegetables go bad before we could eat them. Now, researchers from MIT and the Singapore-MIT Alliance for Research and Technology (SMART) have shown they can extend the shelf life of harvested plants by injecting them with melatonin using biodegradable microneedles.


						
That's a big deal because the problem of food waste goes way beyond our salads. More than 30 percent of the world's food is lost after it's harvested -- enough to feed more than 1 billion people. Refrigeration is the most common way to preserve foods, but it requires energy and infrastructure that many regions of the world can't afford or lack access to.

The researchers believe their system could offer an alternative or complement to refrigeration. Central to their approach are patches of silk microneedles. The microneedles can get through the tough, waxy skin of plants without causing a stress response, and deliver precise amounts of melatonin into plants' inner tissues.

"This is the first time that we've been able to apply these microneedles to extend the shelf life of a fresh-cut crop," says Benedetto Marelli, the study's senior author, associate professor of civil and environmental engineering at MIT, and the director of the Wild Cards mission of the MIT Climate Project. "We thought we could use this technology to deliver something that could regulate or control the plant's post-harvest physiology. Eventually, we looked at hormones, and melatonin is already used by plants to regulate such functions. The food we waste could feed about 1.6 billion people. Even in the U.S., this approach could one day expand access to healthy foods."

For the study, which will appear in Nano Letters, Marelli and researchers from SMART applied small patches of the microneedles containing melatonin to the base of the leafy vegetable pak choy. After application, the researchers found the melatonin was able to extend the vegetables' shelf life by four days at room temperature and 10 days when refrigerated, which could allow more crops to reach consumers before they're wasted.

"Post-harvest waste is a huge issue. This problem is extremely important in emerging markets around Africa and Southeast Asia, where many crops are produced but can't be maintained in the journey from farms to markets," says Sarojam Rajani, co-senior author of the study and a senior principal investigator at the Temasek Life Sciences Laboratory in Singapore.

Plant destressors

For years, Marelli's lab has been exploring the use of silk microneedles for things like delivering nutrients to crops and monitoring plant health. Microneedles made from silk fibroin protein are nontoxic and biodegradable, and Marelli's previous work has described ways of manufacturing them at scale.




To test microneedle's ability to extend the shelf life of food, the researchers wanted to study their ability to deliver a hormone known to affect the senescence process. Aside from helping humans sleep, melatonin is also a natural hormone in many plants that helps them regulate growth and aging.

"The dose of melatonin we're delivering is so low that it's fully metabolized by the crops, so it would not significantly increase the amount of melatonin normally present in the food; we would not ingest more melatonin than usual," Marelli says. "We chose pak choy because it's a very important crop in Asia, and also because pak choy is very perishable."

Pak choy is typically harvested by cutting the leafy plant from the root system, exposing the shoot base that provides easy access to vascular bundles which distribute water and nutrients to the rest of the plant. To begin their study, the researchers first used their microneedles to inject a fluorescent dye into the base to confirm that vasculature could spread the dye throughout the plant.

The researchers then compared the shelf life of regular pak choy plants and plants that had been sprayed with or dipped into melatonin, finding no difference.

With their baseline shelf life established, the researchers applied small patches of the melatonin-filled microneedles to the bottom of pak choy plants by hand. They then stored the treated plants, along with controls, in plastic boxes both at room temperature and under refrigeration.

The team evaluated the plants by monitoring their weight, visual appearance, and concentration of chlorophyll, a green pigment that decreases as plants age.




At room temperature, the leaves of the untreated control group began yellowing within two or three days. By the fourth day, the yellowing accelerated to the point that the plants likely could not be sold. Plants treated with the melatonin-loaded silk microneedles, in contrast, remained green on day five, and the yellowing process was significantly delayed. The weight loss and chlorophyll reduction of treated plants also slowed significantly at room temperature. Overall, the researchers estimated the microneedle-treated plants retained their saleable value until the eighth day.

"We clearly saw we could enhance the shelf life of pak choy without the cold chain," Marelli says.

In refrigerated conditions of about 40 degrees Fahrenheit, plant yellowing was delayed by about five days on average, with treated plants remaining relatively green until day 25.

"Spectrophotometric analysis of the plants indicated the treated plants had higher antioxidant activity, while gene analysis showed the melatonin set off a protective chain reaction inside the plants, preserving chlorophyll and adjusting hormones to slow senescence," says Monika Jangir, co-first author and former postdoc at the Temasek Life Sciences Laboratory.

"We studied melatonin's effects and saw it improves the stress response of the plant after it's been cut, so it's basically decreasing the stress that plant's experience, and that extends its shelf life," says Yangyang Han, co-first author and research scientist at the Disruptive and Sustainable Technologies for Agricultural Precision (DiSTAP) interdisciplinary research group at SMART.

Toward postharvest preservation

While the microneedles could make it possible to minimize waste when compared to other application methods like spraying or dipping crops, the researchers say more work is needed to deploy microneedles at scale. For instance, although the researchers applied the microneedle patches by hand in this experiment, the patches could be applied using tractors, autonomous drones, and other farming equipment in the future.

"For this to be widely adopted, we'd need to reach a performance versus cost threshold to justify its use," Marelli explains. "This method would need to become cheap enough to be used by farmers regularly."

Moving forward, the research team plans to study the effects of a variety of hormones on different crops using its microneedle delivery technology. The team believes the technique should work with all kinds of produce.

"We're going to continue to analyze how we can increase the impact this can have on the value and quality of crops," Marelli says. "For example, could this let us modulate the nutritional values of the crop, how it's shaped, its texture, etc.? We're also going to continue looking into scaling up the technology so this can be used in the field."

The work was supported by the Singapore-MIT Alliance for Research and Technology (SMART) and the National Research Foundation of Singapore.
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Scientists design gene delivery systems for cells in the brain and spinal cord | ScienceDaily
Research teams funded by the National Institutes of Health (NIH) have created a versatile set of gene delivery systems that can reach different neural cell types in the human brain and spinal cord with exceptional accuracy. These delivery systems are a significant step toward future precise gene therapy to the brain that could safely control errant brain activity with high precision. In contrast, current therapies for brain disorders mostly treat only symptoms.


						
The new delivery systems carry genetic material into the brain and spinal cord for targeted use by specific cell types. This platform has the potential to transform how scientists can study neural circuits. It provides researchers with gene delivery systems for various species used in research, without the need for genetically modified, or transgenic, animals. Examples include illuminating fine structures of brain cells with fluorescent proteins and activating or silencing circuits that control behavior and cognition.

"Imagine this new platform as a delivery truck dropping off specialized genetic packages in specific cell neighborhoods in the brain and spinal cord," said John Ngai, Director of the NIH's Brain Research Through Advancing Innovative Neurotechnologies(r) Initiative, orThe BRAIN Initiative(r). "With these delivery systems, we can now access and manipulate specific cells in the brain and spinal cord -- access that was not possible before at this scale."

The new delivery tools, which use a small, stripped-down adeno-associated virus (AAV) to deliver DNA to target cells, can be broadly applied across many species and experimental systems, including small tissue samples removed during human brain surgeries. The delivery systems have been tested, or validated, in intact living systems, which is an important step for introducing new tools for widespread use. The newly published toolkit includes:
    	Dozens of delivery systems that selectively target key brain cell types, including excitatory neurons, inhibitory interneurons, striatal and cortical subtypes, brain blood vessel cells, and hard-to-reach neurons in the spinal cord that control body movement and are damaged in several neurological diseases, such as amyotrophic lateral sclerosis (ALS) and spinal muscular atrophy
    	Computer programs powered by artificial intelligence (AI) that can identify genetic "light switches," known as enhancers, that turn genes on in specific brain cell types, using data from many different species -- cutting considerable time and effort for scientists looking for these genetic switches.

Overall, this collection of research tools will significantly accelerate understanding of the human brain. Importantly, the toolkit enables access to specific brain cell types in the prefrontal cortex, an area that's critical for decision-making and uniquely human traits. With other tools in the collection, scientists can better study individual cells and communication pathways known to be affected in several neurological diseases. These include seizure disorders, ALS, Parkinson's disease, Alzheimer's disease, and Huntington's disease -- as well as various neuropsychiatric conditions.

AAV-based treatments are already approved for some conditions, such as spinal muscular atrophy for which a 2016 approval of a gene therapy known as Zolgensma transformed the lives of infants and young children who once faced severe disability or early death. The new collection of gene delivery resources lays the groundwork for more precise treatments that target only affected cells in the brain, spinal cord, or brain blood vessels.

The toolkit is available at distribution centers including Addgene, a global supplier of genetic research tools. This collection of publications offers researchers standard operating procedures and user guides for these tools.

The work is supported by the NIH's Brain Research Through Advancing Innovative Neurotechnologies(r) Initiative, orThe BRAIN Initiative(r). Funding issued less than four years ago launched a large-scale, team-run project to design new molecular tools that can be useful to many research laboratories. The Armamentarium for Precision Brain Cell Access aims to develop precise and reproducible access to cells and circuits in experimental research models of the brain and spinal cord. The large-scale project brings together experts in the field of molecular biology, neuroscience, and artificial intelligence (AI). The eight papers appear in the May 21 issue of the journals Neuron, Cell, Cell Reports, Cell Genomics, and Cell Reports Methods.

Grants: UF1MH130701, UH3MH120096, U24MH133236, UF1MH128339, UM1MH130981, R01MH123620, U19MH114830, P510D010425, U420D011123, S10MH126994, UH3MH120094, UF1MH130881, F30DA053020, R01FD007478, U01AG076791, R35GM127102, RF1MH114126, UH3MH120095, RF1MH121274, R01MH113005, UH3MH120095

Further information: https://www.cell.com/consortium/brain-armamentarium




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250521124115.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Live view: Stress-induced changes in generations of cancer cells | ScienceDaily
Cancer cells respond to stress with greater diversity. Drugs that affect DNA replication, or radiation that causes direct DNA damage, lead to increasingly diverse offspring over multiple cell generations. This increases the tumor's genetic complexity and facilitates the development of resistance to therapy. UZH researchers have now investigated the emergence of cellular diversity in real time.


						
Cells are the smallest units of life. But even within the same tissue or organ, they are not all identical. New variations arise continuously during cell proliferation. While genetic mutations alter the DNA sequence, epigenetic changes influence gene activity. The resulting cellular diversity is double-edged: On the one hand, heterogeneity aids development and adaptation to stress. On the other hand, it can lead to diseases such as cancer or reduce the effectiveness of therapies.

Tracking how cancer cells develop in real time

How these differences in the genome and in epigenetic control arise in cells, and how they are passed on to their daughter and granddaughter cells, has not yet been studied in detail. Now, researchers at the University of Zurich (UZH) have devised a method that allows them to track live under the microscope how cells develop and how cellular heterogeneity arises over several cell generations.

Using CRISPR-based genome editing, they attached fluorescent markers to two proteins: one to track the process of DNA replication and one to mark acquired DNA damage. "This allowed us to monitor over several cell generations how cancer cells respond to different stress factors and how this increases heterogeneity within the cell population," says Merula Stout, UZH PhD student at the Department of Molecular Mechanisms of Disease and co-first author of the study.

Daughter cells vary significantly after stress

In addition to real-time measurements under the microscope, the researchers examined various endpoints, such as the strength of different stress signals in daughter and granddaughter cells. They then superimposed these measurements on the observed developmental trajectory of the same cells. "Using such cell family tree analyses, we were able to show that daughter cells no longer behave synchronously after cell division if the mother cell was exposed to stress," says Stout.




According to the researcher, significant differences were found, for example, in the onset and duration of DNA replication and in the production of proteins that regulate the cell cycle. These differences continued in the next cell generation, thus increasing the heterogeneity in the cell population. DNA damage and stress therefore not only have short-term consequences, but also long-term effects on the diversity of cells.

Multiple genome copies promote resistance to therapy

Computer-assisted cell tracking also provided direct insights into how polyploidy arises in cells. In this process, cancer cells receive multiple copies of the genome. This in turn increases genetic complexity, allowing cells to adapt more quickly and develop resistance mechanisms against drugs.

The combination of real-time and endpoint measurements showed that different pathways towards polyploidy have different effects on the stability of the genome, thereby influencing the fitness of the cells. "We now have a better understanding of how cells with multiple copies of their genome develop. Potentially, our findings can be used to modulate the ways how polyploidy occurs and to better tailor therapies," says UZH postdoc and co-first author Andreas Panagopoulos.

Just the tip of the iceberg

This study is the first to show in detail how different mechanisms influence genetic stability across multiple cell generations and increase heterogeneity between individual cells. The research team led by UZH professor Matthias Altmeyer aims to further develop and automate the method in collaboration with the technology platforms of UZH. "For research questions primarily concerned with single-cell and complex heterogeneity analyses rather than average effects, large amounts of data obtained in high throughput are required, and analyzing them may benefit from help by AI. It is very likely that we currently only see the proverbial tip of the iceberg," says group leader Altmeyer.
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Clinical trial shows improvements for spinal cord injuries | ScienceDaily
In a new clinical study, researchers from the Texas Biomedical Device Center (TxBDC) at The University of Texas at Dallas demonstrated unprecedented rates of recovery for spinal cord injuries.


						
In this study, published in the journal Nature on May 21, individuals with incomplete spinal cord injury safely received a combination of stimulation of a nerve in the neck with progressive, individualized rehabilitation. This approach, called closed-loop vagus nerve stimulation (CLV), produced meaningful improvements in arm and hand function in these individuals.

The unprecedented results position the UT Dallas scientists to proceed with a pivotal trial -- the final hurdle on the road to potential Food and Drug Administration (FDA) approval of vagus nerve stimulation for treatment of upper-limb impairment due to spinal cord injury.

This approach is based on over a decade of neuroscience and bioengineering efforts by investigators at UT Dallas. The therapy uses electrical pulses sent to the brain via a tiny device implanted in the neck and timed to occur during rehabilitative exercises. Previous work by UT Dallas researchers has demonstrated that stimulating the vagus nerve during physical therapy can rewire areas of the brain damaged by stroke and lead to improved recovery.

Dr. Michael Kilgard, the Margaret Fonde Jonsson Professor of neuroscience in the School of Behavioral and Brain Sciences and corresponding author, explained that treating spinal cord injury with CLV is different than conditions targeted in earlier studies.

"In stroke, people who do only therapy may get better, and adding CLV multiplies that improvement," he said. "This study is different: Therapy alone for spinal cord injury didn't help our participants at all."

The trial involved 19 participants with chronic, incomplete cervical spinal cord injury. Each person performed 12 weeks of therapy, playing simple video games to trigger specific upper-limb movements. The implant was activated upon successful movements, resulting in significant benefits for arm and hand strength.




"These activities allow patients to regain strength, speed, range of motion and hand function. They simplify daily living," said Dr. Robert Rennaker, professor of neuroscience and the Texas Instruments Distinguished Chair in Bioengineering, who designed the miniature implanted CLV device.

The study served as both a Phase 1 and Phase 2 clinical trial and included randomized placebo control in its first phase, in which nine of the 19 participants received sham stimulation rather than active treatment during the first 18 therapy sessions, then received CLV in the latter 18 sessions.

The participants ranged in age from 21 to 65 and were from one to 45 years post-injury. Neither of those factors, nor the severity of the impairment in those with any hand movement, influenced the degree of response to treatment.

"This approach produces results regardless of these factors, which often cause significant differences in success rates of other types of treatment," said study co-author Dr. Jane Wigginton, medical doctor and chief medical officer at TxBDC, co-director of UTD's Clinical and Translational Research Center, and medical science research director at the Center for BrainHealth.

"It is remarkable from a medical standpoint," said Wigginton, who planned the clinical interactions and patient protections for the trial.

TxBDC has worked to treat a wide variety of conditions using CLV across 13 years of research. As a result, the FDA has approved vagus nerve stimulation for treating impaired upper-limb movement in stroke patients.




Wigginton said the latest results are especially exciting because they help people for whom there is no existing solution.

"The people in this study have now gained the ability to do things that are meaningful for them and impactful in their lives."

The newest generation of the implantable CLV device, designed by Rennaker, is approximately 50 times smaller than their version from three years ago. It does not prevent patients from receiving MRIs, CT scans or ultrasounds.

A Phase 3 pivotal trial will include 70 participants at multiple U.S. institutions that specialize in spinal cord injury.

Co-author Dr. Seth Hays, associate professor of bioengineering and Fellow, Eugene McDermott Distinguished Professor in the Erik Jonsson School of Engineering and Computer Science, has been with the CLV project dating back to the earliest studies.

"Prior to this study, no person with spinal cord injury had ever received CLV," he said. "This is the first evidence that gains can be made. Now we will set about determining how we make this optimally effective."

Hays cautioned that it is not a foregone conclusion that the therapy will make it to patients after the next trial.

"We still have a long road ahead. For many reasons -- financial, regulatory or scientific -- this could still die on the vine," he said. "But we have positioned ourselves to succeed."

The research team emphasized the importance of the dozens of people involved in the work -- both the patients and TxBDC's partners at Baylor University Medical Center, Baylor Scott & White Research Institute and Baylor Scott & White Institute for Rehabilitation.

"This has been the hardest working, most altruistic group of professionals, and that has been incredibly impactful," Wigginton said.

Noting that even outpatient surgery is complex for those with impaired mobility, Rennaker added, "These patients said, 'Put that device in me' -- that's a huge commitment. They deserve credit for paving the path for others."

Other UTD-affiliated co-authors included Joseph Epperson BS'20, PhD'24, TxBDC research associate; cognition and neuroscience doctoral student Emmanuel Adehunoluwa MS'23; Amy Porter MBA'20, TxBDC director of operations; Holle Carey Gallaway MBA'23, TxBDC research biomedical engineer; and David Pruitt MS'14, PhD'16.

Kilgard has a financial interest in MicroTransponder Inc., which markets vagus nerve stimulation therapy for stroke. Rennaker is the founder and CEO of XNerve, which developed the device used in this study.

The research was funded by a grant (N66001-17-2-4011) from the Defense Advanced Research Projects Agency (DARPA), an agency of the Department of Defense, as well as the Wings for Life Accelerated Translational Program.
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Extreme weather cycles change underwater light at Lake Tahoe | ScienceDaily
Lake Tahoe is experiencing large-scale shifts in ultraviolet radiation (UV) as climate change intensifies wet and dry extremes in the region. That is according to a study led by the University of California, Davis' Tahoe Environmental Research Center and co-leading collaborator Miami University in Ohio.


						
For the study, published in ASLO, the journal of the Association for the Sciences of Limnology and Oceanography, scientists analyzed an 18-year record of underwater irradiance at Lake Tahoe, which is renowned for its clear blue waters. They found up to a 100-fold difference in UV radiation between a wet and dry year.

These large fluctuations were associated with wet and dry extremes in the local climate, which caused variations in particulate matter and colored dissolved organic matter in the lake.

UV radiation penetrates most deeply in clear water bodies, such as alpine or polar lakes, so the research carries implications for those water bodies. In less transparent lakes, UV radiation may reach only a few inches into the water. In clear systems like Lake Tahoe, it can reach dozens of feet down.

"In a wet year, UV radiation penetrates shallower," said lead author Shohei Watanabe, an associate project scientist with UC Davis Tahoe Environmental Research Center. "In a drought year, more UV radiation is slicing through the water. It's a bit like reducing the lake's 'sunscreen,' making it susceptible to severe sunburn."

The role of UV radiation 

UV radiationhas wide-ranging effects on aquatic ecosystems. It affects the carbon cycle and behavior of fish and zooplankton. It can suppress photosynthesis, which forms the basis of the lake ecosystem. Understanding how it is changing can help natural resource managers and others anticipate changes while building lake resilience.




In revealing the close tie between UV radiation changes and wet-dry cycles, the study also suggests that monitoring underwater radiation can help serve as a sentinel for climate-driven disturbances in lakes.

Long-term monitoring

Long-term observation of underwater UV radiation in lakes is rare. UC Davis researchers have been continuously monitoring Lake Tahoe since 1968. Specialized equipment to measure underwater UV radiation was introduced as a part of a collaborative research project with Miami University in Ohio in 2006. Since then, UV monitoring has been integrated into the long-term monitoring program. This study analyzed 18 years of that data through 2023.

"To understand what's really happening in nature, the long-term data set is quite important," Watanabe said. "One or two years of data couldn't reveal this kind of huge fluctuation related to climatic perturbations."

The study's coauthors include Erin Overholt and Craig Williamson of Miami University in Ohio, Geoffrey Schladow of UC Davis, and Warwick Vincent of Laval University in Canada. It received funding from the National Science Foundation and philanthropic gifts to UC Davis TERC.
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Taking the guesswork out birdsong evolution | ScienceDaily
Biologists at the University of Massachusetts Amherst recently announced that they have released the first broad scale, comparative, fine-grained analysis linking the amplitude, or volume, of a birds' song to its vocal frequency, or pitch. Though biologists have long wondered whether birds are able to control their pitch as they get louder or if their vocal abilities are mechanically limited, until now there has been no wide-ranging data with which to probe this aspect of the evolutionary history of birdsong. The study, published recently in Proceedings B, is a large step forward in the goal of understanding how communication and evolution have influenced each other.


						
If you've ever been at an outdoor concert and had to yell across a few rows to your friends, you've probably noticed that as your voice gets louder, increasing in amplitude, it also increases in frequency by getting higher pitched.

However, you've also probably noticed that you can hear the low bass frequencies from a concert at a far greater distance than you can hear the higher, trebly voices and instruments.

It would make sense, then, that if you wanted to be heard at a greater distance, your voice would drop in pitch while rising in volume -- but it doesn't. The physiology of our own vocal apparatus cannot do both low and loud. We're mechanically constrained, and that's why screams are ear-piercingly high and not rumblingly low.

"The difference is between what you can do and what you want to do," says Joao C. T. Menezes, graduate student in the Organismic and Evolutionary Biology Program at UMass Amherst and lead author of the new paper.

But what about birds?

"There have been two main arguments over the decades," says Jeffrey Podos, professor of biology at UMass Amherst and the paper's senior author. "One camp holds that if birds sing loudly, their pitch should increase because they are mechanically constrained." This is the textbook prediction, Podos says, but there's another camp, which makes the opposite argument and points to evolution. "Since lower sounds carry farther and therefore should increase a singer's chance of being heard, it would make sense that birds should be both loud and deep at the same time."

So, which camp is right?




Until now, the two main camps have remained speculative largely because it has been challenging to measure with any precision the volume of a wild bird's song in its natural setting. "It's only been in the last 10 years or so that devices capable of measuring amplitude precisely enough, in the millisecond bursts that birds sing and with the durability and portability to take out into the field, have been available," says Podos.

But now that the technology exists, Menezes and Podos intensively sampled the amplitude and frequency of hundreds of songs and calls from 53 species of birds, ranging from the Canada goose to the elusive black-and-gold cotinga from Brazil.

What they discovered was a mix.

"There's considerable variation across species," says Menezes. Of the 53 species the team sampled, 27 species' calls got higher pitched as they got louder, 12 species' calls got lower and louder, and 14 species showed no consistent pattern in the linkage between volume and pitch at all. What this means is that we can't simply point our finger at either physiology or evolution as an explanation for how birds' calls work.

But the team did find that songbirds, in particular, tended to narrow the range of frequencies they used as their volume increased. Some songbirds were able to focus their loudest calls on the higher frequencies, some at the lower. But nearly all of them were able to narrow their range.

"One of the specializations that songbirds have developed," says Podos, "is an ability to control the tension of their vocal apparatus as they ramp up and down in volume. Most birds don't have this. It means that songbirds could, in theory, have more evolutionary freedom in evolving their songs."

Or as Menezes puts it, "this might be a hint that songbirds are like opera singers and can actively control their frequencies to the ones that are most amplified by their bodies for the best projection."

Whatever the ultimate answer to the argument may be, we now know much more about how birdsong pitch and volume relate -- next time you're listening to the birds, see if you can hear the dynamic relationship between pitch and volume.
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Remotely moving objects underwater using sound | ScienceDaily
Sound can do more than just provide a nice beat. Sound waves have been used for everything from mapping the seafloor to breaking apart kidney stones. Thanks to a unique material structure, researchers can now move and position objects underwater without ever touching them directly.


						
Dajun Zhang, a doctoral student at the University of Wisconsin-Madison, will present his work on developing a metamaterial for underwater acoustic manipulation Tuesday, May 20, as part of the joint 188th Meeting of the Acoustical Society of America and 25th International Congress on Acoustics, running May 18-23.

A metamaterial is a composite material that exhibits unique properties due to its structure. Zhang's metamaterial features a small sawtooth pattern on its surface, which allows adjacent speakers to exert different forces on the material based on how the sound waves reflect off it. By carefully targeting the floating or submerged metamaterial with precise sound waves, Zhang can push and rotate any object attached to it exactly as much as he wants.

Manipulating objects in water without touching them could make a lot of underwater work easier. It could also be used inside the human body, which is mostly water, for applications like remote surgery or drug delivery.

"Our metamaterial offers a method to apply different acoustic radiation forces on objects in liquid media, such as underwater robots and vehicles, parts for assembly, or medical devices and drugs," said Zhang.

However, manufacturing underwater metamaterials with the correct properties for object manipulation is difficult, especially with conventional methods.

"Current fabrication methods for underwater metamaterials do not provide the resolution or material properties required and are usually very expensive," said Zhang. "To solve this issue, I developed a new fabrication method. This method is not only low cost and easy to implement but also achieves high fabrication resolution and large acoustic impedance contrast with water, which are keys to underwater metamaterials."

In tests, Zhang used his metamaterial to manipulate floating objects, such as wood, wax, and plastic foam, along with objects completely submerged underwater. He attached his metamaterial to each object and used acoustic waves to push, pull, and rotate them. With submerged objects, this technique gave him the ability to manipulate them in three dimensions.

Zhang plans to continue his work, developing a metamaterial patch that is smaller and more flexible. He hopes his work will lead to new uses in medicine and underwater robotics.

"Our research opens new opportunities for both underwater acoustic metamaterials and remote manipulation," said Zhang. "Acoustic metamaterials and metasurfaces can now be used to generate forces remotely for underwater or in-body levitation, actuation, and manipulation applications."
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New genetic test can diagnose brain tumors in as little as two hours | ScienceDaily
Scientists and medics have developed an ultra-rapid method of genetically diagnosing brain tumours that will cut the time it takes to classify them from 6-8 weeks, to as little as two hours -- which could improve care for thousands of patients each year in the UK.


						
The groundbreaking method, which is detailed in a new study published today in Neuro-Oncology, has been developed by scientists at the University of Nottingham along with clinicians at Nottingham University Hospitals NHS Trust (NUH).

In the published work, the team at NUH utilised the new approach during 50 brain tumour surgeries to deliver rapid, intraoperative diagnoses. This approach has achieved a 100% success rate, providing diagnostic results in under two hours from surgery and detailed tumour classifications within minutes of sequencing. Moreover, the platform's ability to continue sequencing enables a fully integrated diagnosis within 24 hours.

Every day in the UK 34* people are diagnosed with some form of brain tumour, equating to more than 12,000 cases a year. The average survival rate can be less than a year for the most aggressive brain cancers.

Brain tumours require complex genetic tests to diagnose, which clinicians currently have to send away to centralised analysis facilities. It can take 6-8 weeks or more to get full results to be able to inform patients what type of tumour they have and their prognosis. This long wait is extremely traumatic for patients, and also delays the start of radiotherapy and chemotherapy which may reduce the chances of treatment working.

The team of experts in Nottingham have developed an ultra-rapid way of genetically diagnosing brain tumours that will eliminate this delay. The method is so quick that they can even get results within a couple of hours and potentially make this information available to the surgeon during the operation to inform surgical decision making.

Dr Stuart Smith is a Neurosurgeon from the School of Medicine at the University and within NUH.




He said: "Traditionally, the process of diagnosing brain tumours has been slow and expensive. Now, with this new technology we can do more for patients because we can get answers so much more quickly which will have a much bigger influence on clinical decision making, in as little as two hours. Patients find waiting many weeks for results extremely difficult and this adds to the anxiety and worry at what is already a very difficult time."

"This type of operation can be quite long, so potentially, a surgeon could be informed during surgery of the accurate diagnosis, which would then impact on the surgical strategy."

The current treatment pathway starts with an MRI scan to ascertain the presence of a tumour, patients will speak to clinicians to discuss the possibilities of what type of tumour they may have. For many tumour types people would then undergo some form of surgery to obtain a sample of the tumour, which currently is sent away to centralised labs for testing to look for abnormalities in the DNA -- which will determine what type of tumour it is.

Traditionally experts would then look at the specimens and the neuropathology view would be to try and identify the cells visually. But in the last few years the process has changed and tumours are categorised on the DNA and genetic abnormalities -- which traditionally is a slow process due to technological limitations.

Professor Matt Loose, a biologist from the School of Life Sciences at the University of Nottingham developed a method to sequence specific parts of human DNA at higher depth using Oxford Nanopore Technologies portable sequencing devices. This method allows relevant parts of the human genome to be examined much more quickly and multiple regions of DNA sequenced at the same time -- speeding up the whole process.

The team have now used this method to genetically test brain tumour samples.




ROBIN, a software tool based on the P2 PromethION nanopore sequencers, sequences the DNA by detecting the change in current flow as single molecules of DNA pass through a nanopore -- or tiny hole -- in a membrane.

Professor Loose said: "When we first were able to sequence an entire human genome in 2018, it took around five labs and six months to do, which obviously isn't ideal when time is of the essence for a patient. This new method now allows us to choose the bits of DNA that we need to look at in order to answer specific questions, such as what type of tumour and how can it be treated. Combined with our later research where we were able to look at relevant parts of the human genome more quickly -- then we now have a process where we can use ROBIN to create comprehensive classifications of tumours more quickly.

"Once we have a sample from a patient, we can now quickly extract the DNA and look at the different properties to give us the information we need. Methylation is the one we are most interested in early on in this instance because that defines the tumour type."

Once a sample has been removed during surgery, it is sent to the pathology lab, where they would extract DNA before it being sent to the team to sequence.

Dr Simon Paine, a Consultant Neuropathologist at NUH said: "This new method of diagnosing brain tumours is going to be a game changer, it really is revolutionary. It not only increases the speed at which the results will be available, but the degree of accuracy of the diagnosis as well is incredible."

The team are now looking to get the new testing rolled out at NHS Trusts across the UK.

"Not only is the test more accurate and quicker, but it is also cheaper than current methods," said Professor Loose. "Our calculations stand at around PS450 per person, potentially less when scaled-up. There are a few reasons for this. Our method can eliminate the need for four to five separate tests, reducing costs as a consequence as we are getting more information from the single test we do. Most importantly, it delivers results to the patients when they need them."

Dr Simon Newman, Chief Scientific Officer at The Brain Tumour Charity, said: "The delivery of an accurate diagnosis within hours of surgery will be transformative for all patients ensuring rapid access to the optimal standard of care and -- crucially -- removing the uncertainty patients face when having to wait weeks for their diagnosis and prognosis.

"The potential to combine so many separate tests into one and deliver at a localised level is a game changer for driving equity of access to rapid and accurate molecular diagnosis. The BRAIN MATRIX Trial, funded by the Brain Tumour Charity, is now exploring how this technology can match patients to personalised clinical trials across the UK."
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On the origin (and fate) of plants that never bloom | ScienceDaily
Plants that reproduce exclusively by self-pollination arise from populations with extremely low diversity to begin with. The Kobe University research not only adds a facet to possible evolutionary strategies, but also lends weight to Darwin's suspicion that this strategy might be a path to extinction.


						
Charles Darwin once remarked, "It is hardly an exaggeration to say that Nature tells us, in the most emphatic manner, that she abhors perpetual self-fertilization." And yet, Kobe University botanist SUETSUGU Kenji knows of a few islands in Japan where orchids reproduce without ever opening their flowers. He says: "I've long been captivated by Darwin's skepticism about plants that rely entirely on self-pollination. When I found those non-blooming orchids, I felt this was a perfect chance to directly revisit this issue. The apparent defiance of evolutionary common sense made me wonder what precise conditions -- both environmental and genetic -- would allow a purely self-pollinating lifestyle to emerge, let alone persist."

On the Northern Ryukyu Islands of Kuroshima, Takeshima and Yakushima exist the only wild populations of plants known to reproduce solely by self-pollination. "Our group spent over ten years working with local plant enthusiasts, monitoring more than a hundred individual plants across several islands, so we can say with certainty that these orchids never open their flowers in their natural habitats," explains Suetsugu. He and his team decided to subject these populations to genetic analysis that can detect minute differences even between closely related individuals, which allowed them to track gene flow and relatedness.

In the journal Proceedings of the Royal Society B, the Kobe University-led team now reports that the extreme genetic uniformity between the plants in each species proves that they are truly purely self-pollinating. In addition, they also found that the two species each arose from insect-pollinated species that already have a very low degree of genetic variation in this geographic region. The variation is so low, in fact, that even though pollen might get transported from one plant to the next, it's nearly identical to self-pollination.

This is only made worse by another observation Suetsugu made: The cross-pollinating relatives on these islands rely on fruit flies with limited flight ability. The animals thus only pollinate, if they pollinate the plants at all, flowers of the same plant or of those that live very close by, even further reducing the benefit of insect pollination. Suetsugu explains: "Darwin's statement was motivated by the idea that a purely self-pollinating lineage would accumulate harmful mutations and eventually face an evolutionary dead end. Yet our findings show that for the relative species with open flowers, the real genetic payoff for outcrossing might be marginal, giving the self-pollinating orchids, which are more successful at producing fruit, an evolutionary edge."

As it turns out, Darwin's skepticism might not have been unfounded. Another result of the Kobe University study is that even with conservative estimates, these self-pollinating species are at most 2,000 years old. Given that there are no other known examples of purely self-pollinating plants in the wild, such species might be ephemeral. "The fact that these orchids truly never outcross raises intriguing questions about their long-term viability, especially under pressures like habitat fragmentation and climate change," says Suetsugu. He nevertheless is proud of his team's findings, saying, "Each new data point, each newly described species, brings me closer to grasping the full spectrum of evolutionary possibilities."

This research was funded by the Japan Society for the Promotion of Science (grants JP15K18470, JP17H05016 and JP18K06408), the Japan Science and Technology Agency (grant JPMJPR21D6), the Ministry of the Environment, Japan (grant 4-2001) and the Alexander von Humboldt Foundation. It was conducted in collaboration with researchers from Tohoku University, Osaka Metropolitan University, Fukushima University, and the National Institute of Genetics.
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Gas location drives star formation in distant galaxies | ScienceDaily
Researchers at the International Centre for Radio Astronomy Research (ICRAR) made the discovery about galaxies by studying the gas distribution that helps create stars.


						
Using CSIRO's ASKAP radio telescope located at Inyarrimanha Ilgari Bundara, the CSIRO Murchison Radio-astronomy Observatory, researchers explored the gas distribution in about 1,000 galaxies as part of the WALLABY survey.

Lead author Seona Lee, a PhD student at The University of Western Australia node of ICRAR, said the findings give new insights into how stars are born from gas.

While earlier surveys could only map the gas distribution in a few hundred galaxies, the WALLABY survey has successfully mapped the atomic hydrogen gas in a significantly larger sample of galaxies.

The survey revealed that having more gas in a galaxy does not automatically mean it will create more stars. Instead, galaxies that are forming stars usually have a higher concentration of gas in the areas where the stars reside.

"It was very exciting to see a correlation between star formation and where the atomic hydrogen gas is located," Ms Lee said.

Higher-resolution observations from telescopes like ASKAP, owned and operated by CSIRO, Australia's national science agency, allowed Ms Lee to measure the location and density of the atomic gas for an unprecedented number of galaxies.




Senior Principal Research Fellow at ICRAR Professor Barbara Catinella, who co-leads the WALLABY survey, said atomic hydrogen gas is the essential ingredient for making stars, in the same way that flour is to a cake.

"While different cakes require different amounts of flour, to bake a cake properly, you focus on the flour that's in the bowl, not the unused flour left in the package," Professor Catinella said.

"Similarly, understanding how stars are formed requires us to measure the atomic gas where stars are actually forming, rather than considering the total gas content, which includes the unused gas in the outer regions."

The research showed that being able to conduct more detailed radio obeservations is key to helping scientists understand how galaxies grow and change over time. The team looked at radio waves and visible light from nearby galaxies to determine the amount of gas in the parts of the galaxy where stars are being born.

"To learn about how stars are formed, we had to measure the atomic hydrogen gas in areas where stars are actively coming to life," Ms Lee said.

"This is important for figuring out just how much gas is really supporting the creation of new stars."
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A new complexity in protein chemistry | ScienceDaily
Proteins are among the most studied molecules in biology, yet new research from the University of Gottingen shows they can still hold surprising secrets. Researchers have discovered previously undetected chemical bonds within archived protein structures, revealing an unexpected complexity in protein chemistry. These newly identified nitrogen-oxygen-sulphur (NOS) linkages broaden our understanding of how proteins respond to oxidative stress, a condition where harmful oxygen-based molecules build up and can damage proteins, DNA, and other essential parts of the cell. The new findings were published in Communications Chemistry.


						
The research team systematically re-analyzed over 86,000 high-resolution protein structures from the Protein Data Bank, a global public repository of protein structures, using a new algorithm that they developed inhouse called SimplifiedBondfinder. This pipeline combines machine learning, quantum mechanical modelling, and structural refinement methods to reveal subtle chemical bonds that were missed by conventional analyses. Unexpectedly, NOS linkages were not restricted to previously known amino acid pairs but were also discovered between the amino acid pairs arginine-cysteine and glycine-cysteine. NOS linkages were first discovered by research led by Professor Kai Tittmann at Gottingen University.

"Our work shows that the Protein Data Bank still holds hidden chemistry," said Dr Sophia Bazzi at Gottingen University's Institute of Physical Chemistry, who led the study. "By developing new digital tools and revisiting existing data, we uncovered chemical interactions that had remained unnoticed for decades." These NOS bonds act as molecular switches, stabilizing proteins under oxidative stress and potentially influencing a whole range of biological processes. "Our approach has much wider implications," Bazzi adds. "It can uncover overlooked chemical bonds, leading to improved protein models and advancing protein engineering, drug design, and synthetic biology."
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Thinking peers drink more drives risky behavior | ScienceDaily
Growing up in a close-knit community in Ghana, Joshua Awua saw firsthand how strong social bonds could also bring pressure to fit in -- especially when it came to alcohol.


						
"Social connection was everything, and sometimes that came with pressure to conform, including drinking," said Dr. Awua, a postdoctoral research associate in The University of Texas at Arlington's School of Social Work. "I remember how hanging out with peers and even my older siblings often centered on drinking."

That experience now fuels his research. Awua recently co-published a study with colleagues -- including UT Arlington mentor Micki Washburn -- titled "Perceived Norms and Alcohol-Related Consequences: The Moderated Mediation Roles of Protective Behavioral Strategies and Alcohol Consumption" in the journal Substance Use & Misuse.

The study explores how social influences, particularly peer pressure, impact substance use -- and misuse -- among young adults. A confidential online survey on alcohol use was given to 524 students at a large public university (not UTA).

College students are particularly at risk of misperceiving their peers' alcohol consumption partly due to a variety of campus social events where alcohol is served such as parties, tailgating, and pre-gaming, which can influence their personal drinking outcomes by feeling pressured to keep up. Protective behavioral strategies, known as PBS, can help college students make healthier choices around alcohol, Awua said, highlighting it as a key finding of the study.

"We might think our peers are having five or six drinks in a day, so we can also drink that amount," Awua said. "But it has been established that this is mostly inaccurate. That misperception can lead to heavy episodic drinking and negative consequences."

To address those misperceptions, the study points to PBS techniques, such as drinking slowly and avoiding drinking games, as effective ways to reduce the influence of perceived norms. Even when students believe their peers are drinking heavily, these strategies can help them stay in control and avoid risky behaviors.




"If we utilize some of these simple but effective strategies, we're more likely to reduce the stress or the negative consequences associated with alcohol use," Awua said.

The 2023 National Survey on Drug Use and Health (NSDUH) found that nearly half of full-time college students ages 18 to 25 reported drinking alcohol within the past month, with 29.3% engaging in binge drinking. The consequences can be severe: An estimated 1,519 college students die each year from alcohol-related unintentional injuries, including motor vehicle crashes. Other outcomes include increased incidents of assault, academic problems and alcohol use disorder.

Those risks can be reduced by using protective behavioral strategies, Awua said.

"What the evidence shows, and what our study confirmed, is that once students begin to use these strategies, they reduce the risk of experiencing negative consequences like drunk driving," Awua said. "Ultimately, they're supporting their own health by reducing risks. Over time, the consistent use of these strategies can help lower the overall rates of substance-related harm."
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Landmark report reveals key challenges facing adolescents | ScienceDaily
Poor mental health, rising obesity rates, exposure to violence and climate change are among the key challenges facing our adolescents today, according to a global report.


						
The landmark report, by experts in adolescent health including from Murdoch Children's Research Institute (MCRI), has revealed how supporting young people's health and wellbeing could improve economic, social and public health for generations to come.

The 2025 Lancet Commission on Adolescent Health and Wellbeing found investment in adolescents' health and wellbeing doesn't match the scale of the problems faced by young people. Bringing together 44 Commissioners and 10 Youth Commissioners, the Commission stated while adolescents make up 24 per cent of the population (about two billion people), they receive just 2.4 per cent of global development and health funding.

By 2030, more than half of adolescents will be living in countries where their demographic experiences an excess burden of complex disease.

The report found the ongoing challenges faced by this age group included:
    	High cases of poor mental health and limited support services
    	Increasing rates of obesity due to complex environmental and commercial factors
    	Lack of digital safety and exposure to cyberbullying and misinformation
    	Experiencing violence in conflict-affected areas and within the home
    	Ongoing fallout from the COVID-19 pandemic and related public health measures
    	Widening gaps in reproductive rights, particularly for young women
    	Environmental challenges and climate change impacts

Published in The Lancet, the report predicted that by 2050, 70 per cent of the world's adolescents will be living in urban areas. While this potentially brings benefits, rapid unplanned urbanisation may also accelerate poverty, isolation and insecure housing, it found.

The report stated that urban, public spaces should be more amenable and tailored to young people, such as safe and engaging spaces to congregate, which would have a powerful effect on health outcomes.




It also found urgent action was required to better protect young people from violence and ensure equitable access to education and reproductive rights. Almost half of adolescents have experienced violence, profoundly impacting their social and emotional development and wellbeing. Whilst global efforts have largely closed the gender gap in high school education, by 2030, almost a third of young women will not be in post-secondary education, employment or training.

MCRI Professor Peter Azzopardi said there was a great need for targeted actions that focused on early intervention.

"Meaningful, evidence-based, multi-sector partnerships with young people will be the key to improving health and wellbeing," he said. But we must remain accountable by ensuring that any progress is monitored closely and reported on regularly. As our population ages and fertility rates decline, the health of our adolescents becomes even more crucuial."

Potential solutions and actions outlined included:
    	Advocating for change and amplifying the needs and voices of young people
    	Developing goal-centred approaches through the Office of the UN Secretary with a focus on measuring and improving adolescent health and wellbeing
    	Involving young people in community-based environmental programs
    	Scaling up public health programs that improve sexual and reproductive health outcomes and reduce gender-based violence
    	Strengthening actions within health and education sectors while reinforcing collaborations
    	Limiting the exposure of advertising targeting adolescents
    	Promoting and encouraging the healthy use of social media and online spaces

MCRI Professor Susan Sawyer said partnerships with young people were a cornerstone of the report, which aimed to draw on their capability and leadership to help shape the world they wanted to live in.

"This report represents a wealth of current information about the state of our young people's health," she said. The findings are alarming and they demand urgent action and accountability, in collaboration with adolescents, to create safer spaces and meaningful change."

But Professor Sawyer said lack of national leadership around adolescent health remained a major barrier to overcoming the challenges.

"A common myth is that adolescents are healthy and therefore don't need health services," she said. Yet our findings show that in every country, adolescents need access to responsive health services that can confidentially identify and respond to their emerging health needs."

The report will be launched at the World Health Organization's 78th Health Assembly in Geneva.
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How serious is your brain injury? New criteria will reveal more | ScienceDaily

After more than half a century, assessment of traumatic brain injuries gets an overhaul.

Clinicians say the proposed framework will lead to more accurate diagnoses and treatment, providing more rigorous care for some patients and preventing premature discussions about halting life support in others.

Trauma centers nationwide will begin to test a new approach for assessing traumatic brain injury (TBI) that is expected to lead to more accurate diagnoses and more appropriate treatment and follow-up for patients.

The new framework, which was developed by a coalition of experts and patients from 14 countries and spearheaded by the National Institutes of Health, expands the assessment beyond immediate clinical symptoms. Added criteria would include biomarkers, CT and MRI scans, and factors, such as other medical conditions and how the trauma occurred.

The framework appears in the May 20 issue of Lancet Neurology.

For 51 years, trauma centers have used the Glasgow Coma Scale to assess patients with TBI, roughly dividing them into mild, moderate and severe categories, based solely on their level of consciousness and a handful of other clinical symptoms.




That diagnosis determined the level of care patients received in the emergency department and afterward. For severe cases, it also influenced the guidance doctors gave the patients' families, including recommendations around removal of life support. Yet, doctors have long understood that those tests did not tell the whole story.

"There are patients diagnosed with concussion whose symptoms are dismissed and receive no follow-up because it's 'only' concussion, and they go on to live with debilitating symptoms that destroy their quality of life," said corresponding author Geoffrey Manley, MD, PhD, professor of neurosurgery at UC San Francisco and a member of the UCSF Weill Institute for Neurosciences. "On the other hand, there are patients that were diagnosed with 'severe' TBI, leading full lives, whose families had to consider removing life-sustaining treatment."

In the United States, TBI resulted in approximately 70,000 deaths in 2021 and accounts for about half-a-million permanent disabilities each year. Motor vehicle accidents, falls, and assault are the most common causes.

New system will better match patients to treatments

Known as CBI-M, the framework comprises four pillars -- clinical, biomarker, imaging, and modifiers -- that were developed by working groups of federal partners, TBI experts, scientists, and patients.

"The proposed framework marks a major step forward," said co-senior author Michael McCrea, PhD, professor of neurosurgery and co-director of the Center for Neurotrauma Research at the Medical College of Wisconsin in Milwaukee. "We will be much better equipped to match patients to treatments that give them the best chance of survival, recovery, and return to normal life function."

The framework was led by the NIH National Institute of Neurological Disorders and Stroke (NIH-NINDS), for which Manley, McCrea, and their co-first and co-senior authors are members of the steering committee on improving TBI characterization.




The clinical pillar retains the Glasgow Coma Scale's total score as a central element of the assessment, measuring consciousness along with pupil reactivity as an indication of brain function. The framework recommends including the scale's responses to eye, verbal, and motor commands or stimuli, presence of amnesia and symptoms like headache, dizziness, and noise sensitivity.

"This pillar should be assessed as first priority in all patients," said co-senior author Andrew Maas, MD, PhD, emeritus professor of neurosurgery at the Antwerp University Hospital and University of Antwerp, Belgium. "Research has shown that the elements of this pillar are highly predictive of injury severity and patient outcome."

Biomarkers, imaging, modifiers offer critical clues to recovery

The second pillar uses biomarkers identified in blood tests to provide objective indicators of tissue damage, overcoming the limitations of clinical assessment that may inadvertently include symptoms unrelated to TBI.

Significantly, low levels of these biomarkers determine which patients do not require CT scans, reducing unnecessary radiation exposure and health care costs. These patients can then be discharged. In those with more severe injuries, CT and MRI imaging -- the framework's third pillar -- are important in identifying blood clots, bleeding, and lesions that point to present and future symptoms.

The biomarkers also identify the appropriate patients to enroll in clinical trials to develop new TBI medications, which have not advanced in the last 30 years. A recently launched trial that will roll out in 18 trauma sites nationwide may finally give rise to new treatments.

"These biomarkers are crucial in clinical trials," Manley said. "In the past, we couldn't tell the difference between a knock on the head and a TBI. Thanks to biomarkers we can make this distinction and ensure that it's the TBI patient who enrolls in the trial."

The final pillar, modifiers, assesses how the injury occurred, such as a fall, blow or sharp object penetration. It also includes existing conditions and medications, health care access, prior TBIs, substance abuse, and living circumstances.

"This pillar summarizes the factors that research tells us need to be considered when we interpret a patient's clinical, blood biomarker, and neuroimaging exams," said co-first author Kristen Dams-O'Connor, PhD, professor of rehabilitation and human performance, and neurology, and director of the Brain Injury Research Center at the Icahn School of Medicine at Mount Sinai in New York.

"One example is a patient with underlying cognitive impairment who may require acute monitoring for risk of clinical deterioration, regardless of findings on the initial clinical exam," she said.

The proposed framework is being phased in at trauma centers on a trial basis. It will be refined and validated before it is fully implemented.
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Missing link in early Martian water cycle discovered | ScienceDaily
Billions of years ago, water flowed on the surface of Mars. But scientists have an incomplete picture of how the Red Planet's water cycle worked.


						
That could soon change after two graduate students at The University of Texas at Austin filled a large gap in knowledge about Mars' water cycle -- specifically, the part between surface water and groundwater.

Students Mohammad Afzal Shadab and Eric Hiatt developed a computer model that calculates how long it took for water on early Mars to percolate from the surface down to the aquifer, which is thought to have been about a mile underground. They found that it took anywhere from 50 to 200 years. On Earth, where the water table in most places is much closer to the surface, the same process typically takes just a few days.

The results were published in the journal Geophysical Research Letters.

The researchers also determined that the amount of water trickling between surface and aquifer could have been enough to cover Mars with at least 300 feet of water. This was potentially a significant portion of the planet's total available water.

The research helps complete scientists' understanding of the water cycle on early Mars, said Shadab, who earned his doctoral degree from UT Austin and is now a postdoctoral researcher at Princeton University. This new understanding will be useful in determining how much water was available to evaporate and fill lakes and oceans with rain, and ultimately, where the water ended up.

"We want to implement this into [an integrated model] of how the water and land evolved together over millions of years to the present state," said Shadab, who was the study's lead author. "That will bring us very close to answering what happened to the water on Mars."

Today, Mars is largely dry, at least at the surface. But 3 to 4 billion years ago -- at around the time that life was getting started on Earth -- oceans, lakes and rivers carved valleys through Mars' mountains and craters and imprinted shorelines in the rocky surface.




Ultimately, Mars' water took a different path than Earth's. Most of it is now either locked in the crust or was lost to space along with Mars' atmosphere. Understanding how much water was available near the surface could help scientists determine whether it was in the right places long enough to create the chemical ingredients needed for life.

The new findings add to an alternative picture of early Mars in which there was little water going back into the atmosphere through evaporation and raining down to refill oceans, lakes and rivers -- as it would have on Earth -- said coauthor Hiatt, who recently graduated with a doctoral degree from UT Jackson School of Geosciences.

"The way I think about early Mars is that any surface water you had -- any oceans or large standing lakes -- were very ephemeral," he said. "Once water got into the ground on Mars, it was as good as gone. That water was never coming back out."

The researchers said that the findings are not all bad news for potential life on Mars. If nothing else, the water seeping into the crust wasn't being lost to space, Hiatt said. That knowledge could one day be important for future explorers looking for buried water resources to sustain a settlement on the Red Planet.

Shadab and Hiatt's research was supported by a Blue Sky grant from the University of Texas Institute for Geophysics, a research unit of the Jackson School, and grants from UT Austin's Center for Planetary Systems Habitability and NASA.

The work was conducted while Shadab was earning a doctoral degree from the Oden Institute for Computational Engineering and Sciences at UT Austin. Other coauthors include Rickbir Bahia and Eleni Bohacek from the European Space Agency (now at UK Space Agency), Vilmos Steinmann from the Eotvos Lorand University in Hungary, and Professor Marc Hesse from the Jackson School's Department of Earth and Planetary Sciences at UT Austin.
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Commercially available peroxide binds incompatible polymers for recycling | ScienceDaily
Polyethylene and polypropylene account for two-thirds of the world's plastics. But the polymers' popularity has an equally large downside. Because they have similar densities and physical properties, the polymers are difficult -- and expensive -- to separate when mechanically recycled together. What results is a weak, degraded material that really isn't good for anything.


						
Now, Cornell researchers have developed an inexpensive and potentially scalable approach that uses a commercially available peroxide to bind the polymers together, thereby creating a more useful, high-quality plastic recycling additive.

The findings were published May 19 in the Journal of the American Chemical Society. The co-lead authors were postdoctoral researcher Moritz Kranzlein and doctoral student Shilin Cui. The project was led by Geoffrey Coates, the Tisch University Professor of Chemistry and Chemical Biology in the College of Arts and Sciences, the paper's senior author.

In a way, the project is itself a recycled product. In 2017, Coates' lab worked with collaborators from the University of Minnesota to create a multiblock polymer that could combine polyethylene and polypropylene mixtures. The new material was an important scientific achievement, according to Coates, but it proved difficult to scale up. It was also too expensive to be practical.

"We had to go back to the drawing board and think of the Venn diagram of what material would work and what synthetic methods would be affordable," he said. "Why didn't we just do that in 2017? Trust me, if it was easy, somebody else would have done this long ago."

The key to developing their new polyolefin compatibilizer was to look for existing polymers that, with the right processing, could do the job, rather than creating a new one from scratch. Kranzlein began by experimenting with the materials that were already in the lab, always with a few parameters in mind.

"Every second meeting, when I was giving Geoff an update, his first question was, 'What's the cost?' There was always this line of price per pound that I shouldn't cross," Kranzlein said. "We tried to really keep that as a focus of this project. Instead of finding a very elegant or sophisticated solution, we tried to find a real-world solution that works."

A year and a half -- and more than 200 experiments -- later, the researchers settled on an organic alkyl peroxide that, when heated, essentially plucks hydrogen molecules off high-density polyethylene (HDPE) and isotactic polypropylene (iPP) so they can be grafted together and form a copolymer material that can be added to a mechanical recycling process for HDPE and iPP mixtures, restoring their properties.




The copolymer can basically be thought of as "plastic soap," Kranzlein said.

"When we have mixtures of commodity plastics like HDPE and iPP, those don't mix very well, and those phases separate from each other, which makes the material properties of those mixtures pretty bad," Kranzlein said. "This process adds in a third component that acts like a soap between those two phases, and that soap facilitates a better miscibility between the polymers, and that restores the physical properties of those mixtures, essentially.

"It took us a very, very long time playing around with all the different tuning points," he said, "until we finally achieved something that that we were happy with."

To better understand their compatibilizer's properties and the grafting reaction, the researchers turned to Brett Fors, the Frank and Robert Laughlin Professor of Physical Chemistry (A&S), and doctoral student Jenny Hu, who conducted rheological characterization studies on it.

"So we've got the material," Coates said. "The question is, now can you make larger amounts? We're doing grams-at-a-time scale. Ultimately, you'd want to be doing dozens of kilograms. We're confident it'll scale, but there's going to be a lot of work to get it there."

Coates is hopeful that the compatibilizer could also lead to the creation of new polymer alloys that leverage the respective strengths of different waste plastics. There would be no need for giant million-dollar plants: Just take some preexisting polymers and add the compatibilizer.




"You could make a whole kind of pallet of alloys that might have better properties than either one of the pure polymers alone, just like stainless steel," said Coates, who recently launched a startup that specializes in the compatibilizer technology through Cornell's Praxis Center for Venture Development. "The dream is, if you can make a really rigid polymer that's also really tough, then you can make packaging that uses less material, yet has the same sort of properties. That's one of the other big applications for this technology."

Co-authors include Fors, Hu and research associate Anne LaPointe.

The research was supported the Gerstner Family Foundation, with additional funding from the U.S. Department of Energy through Ames National Laboratory's Institute for Cooperative Upcycling of Plastics, an Energy Frontier Research Center.
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New research on ALS opens up for early treatment | ScienceDaily
Using the gene scissors CRISPR and stem cells, researchers at Stockholm University and the UK Dementia Research Institute (UK DRI) at King's College London have managed to identify a common denominator for different gene mutations that all cause the neurological disease ALS. The research shows that ALS-linked dysfunction occurs in the energy factories of nerve cells, the mitochondria, before the cells show other signs of disease, which was not previously known. The study was recently published in the scientific journal Nature Communications.


						
"We show that the nerve cells, termed motor neurons, that will eventually die in ALS have problems soon after they are formed. We saw the earliest sign of problems in the cell's energy factories, the mitochondria*, and also in how they are transported out into the nerve cells' long processes where there is a great need for them and the energy they produce," says Dr Eva Hedlund at Stockholm University, head of the study together with Dr Marc-David Ruepp at the UK Dementia Research Institute at King's College London.

The research team was able to establish that these problems were common to all ALS-caused mutations, which will be important for future treatments of the disease.

"This means that there are common factors that could be targeted with drugs, regardless of the cause of the disease," says Dr Eva Hedlund.

Reprogrammed cells

The researchers used the gene scissors CRISPR/Cas9 to introduce various ALS-causing mutations into human stem cells, called iPS cells*. From these, motor neurons, the nerve cells that are lost in in ALS, and interneurons, nerve cells that are relatively resistant to the disease, were produced. These were then analyzed with single-cell RNA sequencing, a method that enables identification of all messenger molecules (mRNA) in each individual cell and with that understand how a particular cell works, how it talks to its neighbors and if it starts to have problems.

"In the data we obtained, we identified a common disease signature across all ALS-causing mutations, which was unique to motor neurons and thus did not arise in resistant neurons," says Dr Christoph Schweingruber, first author of the study.




This happened very early and was completely independent of whether the disease-causing mutated proteins (FUS, or TDP-43) were in the wrong place in the cell or not.

"Until now, it has been believed that it is the change where the proteins are within the cells, called mislocalization*, that occurs first," says Dr Marc-David Ruepp.

A groundbreaking discovery

In ALS, it is often said that some problems are caused by a loss of function in a protein that is mutated, while other problems arise due to the opposite, namely the emergence of a new toxic function that has been obtained through the mutation, called "gain-of-function," but according to Eva Hedlund, it has not always been easy to clarify how it really works and much is still unknown.

"By making various CRISPR mutations in the ALS-causing FUS-gene*, we have now been able to show for the first time that most errors arising are caused by a new toxic property of the protein, not by a loss of function," says Dr Christoph Schweingruber.

Affecting the cells' energy factories

A third discovery was that the transport of mitochondria out into the axons*, the extensions of the nerve cells where most mitochondria in nerve cells are needed, was radically affected in the ALS lines. This happened independently of whether the disease-causing proteins were in the wrong place in the cell or not.




"A fact that poses a problem because there is a great need for these energy factories in the extensions of the nerve cells. Without them the nerve cells do not have enough energy to communicate properly with other cells," says Dr Eva Hedlund.

The new discoveries open up for early treatment methods, something that for the research team is a continuous work in progress.

"We are trying to understand how these early errors occur in the sensitive motor neurons in ALS, and how it affects energy levels in the cells and their communication and necessary contacts with muscle fibers. We believe that these are important keys to the understanding of why the synapses between motor neurons and muscles is broken in ALS and also to identify new targets for therapies," says Dr Eva Hedlund.

About ALS

The fatal disease ALS is characterized by the death of nerve cells in our brain and spinal cord, so-called motor neurons, which control all our skeletal muscles in the body, and this leads to the breakdown of the muscles. In most cases of ALS, the disease occurs sporadically, but in 10-20 percent of cases, different gene mutations cause the disease. It has so far been unknown whether different mutations cause ALS in the same way. It has also been unknown why some nerve cells are sensitive while others are resistant.

Glossary to ALS research
    	* iPSCs are reprogrammed cells that have been isolated from adult human tissues to be reverted in development to cells that resemble embryonic stem cells.
    	*Mitochondria are small structures found in all our cells. They are often called the power plants of the cell; in them, sugar and fat are burned to water and carbon dioxide. The energy that is then released is stored in a molecule, ATP, which is used in various cellular processes.
    	*Axons are the projections that nerve cells send out to contact other cells. In the case of motor neurons, it is muscle fibers that need to be contacted, which are sometimes over a meter away.
    	*Mislocalization means that something ends up in the wrong place. In ALS and other neurodegenerative diseases, misfolded proteins are seen in places where the protein should not normally be.
    	*FUS-gene, Fused in Sarcoma; mutations in this gene leads to ALS
    	*TARDBP gene, TAR DNA binding protein (TDP-43); mutations in this gene leads to ALS
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How to solve a bottleneck for CO2 capture and conversion | ScienceDaily
Removing carbon dioxide from the atmosphere efficiently is often seen as a crucial need for combatting climate change, but systems for removing carbon dioxide suffer from a tradeoff. Chemical compounds that efficiently remove CO? from the air do not easily release it once captured, and compounds that release CO2 efficiently are not very efficient at capturing it. Optimizing one part of the cycle tends to make the other part worse.


						
Now, using nanoscale filtering membranes, researchers at MIThave added a simple intermediate step that facilitates both parts of the cycle. The new approach could improve the efficiency of electrochemical carbon dioxide capture and release by six times and cut costs by at least 20 percent, they say.

The new findings are reported today in the journal ACS Energy Letters, in a paper by MIT doctoral students Simon Rufer, Tal Joseph, and Zara Aamer, and professor of mechanical engineering Kripa Varanasi.

"We need to think about scale from the get-go when it comes to carbon capture, as making a meaningful impact requires processing gigatons of CO2," says Varanasi. "Having this mindset helps us pinpoint critical bottlenecks and design innovative solutions with real potential for impact. That's the driving force behind our work."

Many carbon-capture systems work using chemicals called hydroxides, which readily combine with carbon dioxide to form carbonate. That carbonate is fed into an electrochemical cell, where the carbonate reacts with an acid to form water and release carbon dioxide. The process can take ordinary air with only about 400 parts per million of carbon dioxide and generate a stream of 100 percent pure carbon dioxide, which can then be used to make fuels or other products.

Both the capture and release steps operate in the same water-based solution, but the first step needs a solution with a high concentration of hydroxide ions, and the second step needs one high in carbonate ions. "You can see how these two steps are at odds," says Varanasi. "These two systems are circulating the same sorbent back and forth. They're operating on the exact same liquid. But because they need two different types of liquids to operate optimally, it's impossible to operate both systems at their most efficient points."

The team's solution was to decouple the two parts of the system and introduce a third part in between. Essentially, after the hydroxide in the first step has been mostly chemically converted to carbonate, special nanofiltration membranes then separate ions in the solution based on their charge. Carbonate ions have a charge of 2, while hydroxide ions have a charge of 1. "The nanofiltration is able to separate these two pretty well," Rufer says.




Once separated, the hydroxide ions are fed back to the absorption side of the system, while the carbonates are sent ahead to the electrochemical release stage. That way, both ends of the system can operate at their more efficient ranges. Varanasi explains that in the electrochemical release step, protons are being added to the carbonate to cause the conversion to carbon dioxide and water, but if hydroxide ions are also present, the protons will react with those ions instead, producing just water.

"If you don't separate these hydroxides and carbonates," Rufer says, "the way the system fails is you'll add protons to hydroxide instead of carbonate, and so you'll just be making water rather than extracting carbon dioxide. That's where the efficiency is lost. Using nanofiltration to prevent this was something that we aren't aware of anyone proposing before."

Testing showed that the nanofiltration could separate the carbonate from the hydroxide solution with about 95 percent efficiency, validating the concept under realistic conditions, Rufer says. The next step was to assess how much of an effect this would have on the overall efficiency and economics of the process. They created a techno-economic model, incorporating electrochemical efficiency, voltage, absorption rate, capital costs, nanofiltration efficiency, and other factors.

The analysis showed that present systems cost at least $600 per ton of carbon dioxide captured, while with the nanofiltration component added, that drops to about $450 a ton. What's more, the new system is much more stable, continuing to operate at high efficiency even under variations in the ion concentrations in the solution. "In the old system without nanofiltration, you're sort of operating on a knife's edge," Rufer says; if the concentration varies even slightly in one direction or the other, efficiency drops off drastically. "But with our nanofiltration system, it kind of acts as a buffer where it becomes a lot more forgiving. You have a much broader operational regime, and you can achieve significantly lower costs."

He adds that this approach could apply not only to the direct air capture systems they studied specifically, but also to point-source systems -- which are attached directly to the emissions sources such as power plant emissions -- or to the next stage of the process, converting captured carbon dioxide into useful products such as fuel or chemical feedstocks. Those conversion processes, he says, "are also bottlenecked in this carbonate and hydroxide tradeoff."

In addition, this technology could lead to safer alternative chemistries for carbon capture, Varanasi says. "A lot of these absorbents can at times be toxic, or damaging to the environment. By using a system like ours, you can improve the reaction rate, so you can choose chemistries that might not have the best absorption rate initially but can be improved to enable safety."

Varanasi adds that "the really nice thing about this is we've been able to do this with what's commercially available," and with a system that can easily be retrofitted to existing carbon-capture installations. If the costs can be further brought down to about $200 a ton, it could be viable for widespread adoption. With ongoing work, he says, "we're confident that we'll have something that can become economically viable" and that will ultimately produce valuable, saleable products.

Rufer notes that even today, "people are buying carbon credits at a cost of over $500 per ton. So, at this cost we're projecting, it is already commercially viable in that there are some buyers who are willing to pay that price." But by bringing the price down further, that should increase the number of buyers who would consider buying the credit, he says. "It's just a question of how widespread we can make it." Recognizing this growing market demand, Varanasi says, "Our goal is to provide industry scalable, cost-effective, and reliable technologies and systems that enable them to directly meet their decarbonization targets."

The research was supported by Shell International Exploration and Production Inc. through the MIT Energy Initiative, and the U.S. National Science Foundation, and made use of the facilities at MIT.nano.
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Common diabetes drug helps chickens lay more eggs | ScienceDaily
What do chickens and people with a common reproductive disorder have in common? More than one might think -- and a widely-used diabetes medication might just be the surprising link.


						
At Penn State, researchers discovered that metformin, a drug usually prescribed for type 2 diabetes and polycystic ovary syndrome (PCOS) in humans, can actually help chickens lay more eggs. Specifically, it helps broiler breeder hens -- the chickens that produce the broiler chickens we eventually eat -- stay fertile and produce eggs for longer, even as they age.

While the team has known that metformin can help egg production in chickens for a couple of years, they recently discovered how it works. They published their findings in the Biology of Reproduction.

Broiler breeder hens have been selectively bred for decades for their offspring to grow quickly and reach market weight fast -- a trait that helps meet the world's demand for affordable chicken meat. But there's a trade-off: As these birds age, their ability to lay eggs declines rapidly, limiting how long they can remain productive. This drop in fertile egg production resembles PCOS in humans, which also affects fertility and ovarian function. That's where metformin, a common treatment for PCOS, enters the picture.

PCOS, a hormonal disorder affecting women characterized by irregular menstrual cycles, is the most widespread endocrinological condition, affecting roughly 4% to 12% of women, and the main cause of infertility in women, according to the National Institutes of Health. Metformin is often used off-label to treat PCOS symptoms, improving insulin sensitivity, lowering excess hormone levels and helping to regulate menstrual cycles, potentially aiding fertility.

In a 2023 study published in Reproduction, researchers at Penn State gave a group of hens a small daily dose of metformin over 40 weeks. The results were striking: The hens laid more fertile eggs, had lower body fat and showed healthier reproductive hormone levels than those not given the drug.

"These findings suggest that metformin can significantly improve ovarian function in broiler breeder hens," said Ramesh Ramachandran, senior author on the study, professor of reproductive biology in the College of Agricultural Sciences.




The researchers then dug deeper to find out what exactly was happening inside the birds' bodies -- and they found the answer in the liver. The liver plays a key role in bird reproduction, as it's where egg yolk precursors are made. Using advanced gene sequencing techniques at Penn State's Huck Institutes of the Life Sciences, the team analyzed RNA -- genetic material that regulates many biological functions -- from liver samples.

Their findings, published in their latest paper in Biology of Reproduction, revealed that metformin "switched on" several genes involved in producing yolk proteins and maintaining stable blood sugar. At the same time, it "switched off" genes linked to fat buildup -- mirroring how metformin works in humans with metabolic disorders.

"Essentially, metformin helps older hens stay metabolically healthier, which lets them keep producing eggs well beyond their usual decline," said Evelyn Weaver, a postdoctoral researcher and lead author on both studies.

This finding could have major implications for poultry farming, the researchers said. By extending egg production in broiler breeder hens, farmers may be able to reduce flock turnover, improve animal welfare and increase efficiency -- all while using a medication that's affordable and safe. Metformin is quickly metabolized by these hens, Weaver pointed out, so it poses no risk of entering the human food supply.

The research was conducted in the Ramachandran lab in Penn State's Department of Animal Science, with contributions from Tae Hyun Kim, assistant professor of avian biology, and undergraduate researcher Nathan Connolly.

The U.S. Department of Agriculture and the National Institutes of Health funded the research.
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Molecules in blood and urine could reveal how much ultra-processed food you eat | ScienceDaily
Sets of metabolites found in blood and urine reliably correspond with how much energy from ultra-processed food a person consumes, according to a new study published May 20 in the open-access journal PLOS Medicine by Erikka Loftfield of the National Cancer Institute, USA, and colleagues.


						
Ultra-processed foods (UPFs) account for more than half of calories consumed in the average American diet, yet their impact on human health remains unclear, in part because it is so difficult to accurately track exactly how many UPFs people eat.

In the new study, researchers analyzed blood and urine samples from 718 older adults, alongside detailed dietary recalls, to identify chemical fingerprints, called poly-metabolite scores, linked to UPF intake.

The study found that hundreds of blood and urine metabolites were associated with the percentage of energy someone consumes from UPFs. A poly-metabolite score corresponding with UPF intake could be created using 28 of the blood metabolites or 33 urine metabolites. This score was predictive of UPF intake among participants using self-reported dietary data. The researchers then validated the scores in a controlled feeding study, confirming the scores could distinguish, within subjects, between high-UPF and no-UPF diets among 20 inpatients at the NIH Clinical Center with high-controlled diets. The scores also significantly differed between a UPF-heavy diet and one without UPFs.

"The identified poly-metabolite scores could serve as objective measures of UPF intake in large population studies to complement or reduce reliance on self-reported dietary data," the authors say. "Poly-metabolite scores should be evaluated and iteratively improved in populations with diverse diets and a wide range of UPF intake."

The authors add, "We developed and tested poly-metabolite scores in blood and urine that were predictive of diets high in energy from UPF intake in an observational study of free-living adults and in a highly controlled feeding trial, respectively. These poly-metabolite scores could serve as objective measures of UPF intake in large population studies to complement or reduce reliance on self-reported dietary data. Additionally, these findings could provide novel insight into the role of UPF in human health."
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Language isn't just for communication -- it also shapes how sensory experiences are stored in the brain | ScienceDaily
Our ability to store information about familiar objects depends on the connection between visual and language processing regions in the brain, according to a study published May 20 in the open-access journal PLOS Biology by Bo Liu from Beijing Normal University, China, and colleagues.


						
Seeing an object and knowing visual information about it, like its usual color, activate the same parts of the brain. Seeing a yellow banana, for example, and knowing that the object represented by the word "banana" is usually yellow, both excite the ventral occipitotemporal cortex (VOTC). However, there's evidence that parts of the brain involved in language, like the dorsal anterior temporal lobe (ATL), are also involved in this process -- dementia patients with ATL damage, for example, struggle with object color knowledge, despite having relatively normal visual processing areas. To understand whether communication between the brain's language and sensory association systems is necessary for representing information about objects, the authors tested whether stroke-induced damage to the neural pathways connecting these two systems impacted patients' ability to match objects to their typical color. They compared color-identification behavior in 33 stroke patients to 35 demographically-matched controls, using fMRI to record brain activity and diffusion imaging to map the white matter connections between language regions and the VOTC.

The researchers found that stronger connections between language and visual processing regions correlated with stronger object color representations in the VOTC, and supported better performance on object color knowledge tasks. These effects couldn't be explained by variations in patients' stroke lesions, related cognitive processes (like simply recognizing a patch of color), or problems with earlier stages of visual processing. The authors suggest that these results highlight the sophisticated connection between vision and language in the human brain.

The authors add, "Our findings reveal that the brain's ability to store and retrieve object perceptual knowledge -- like the color of a banana -- relies on critical connections between visual and language systems. Damage to these connections disrupts both brain activity and behavior, showing that language isn't just for communication -- it fundamentally shapes how sensory experiences are neurally structured into knowledge."
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How membranes may have brought about the chemistry of life on Earth | ScienceDaily
How life arose remains a looming question in science that researchers are seeking to answer by studying the features shared among life today. Everything alive is made up of cells, and what made the first cells different from chemical reactions occurring in the environment is a membrane. By investigating what properties these early membranes may have had, scientists can better understand how life began and evolved into the diversity of organisms we have today.


						
An important feature of membranes is what they allow to pass through and what they stop from entering the cell. This influences which molecules are involved in the biological processes that keep cells ticking. The researchers focused on a few types of molecules essential for all life: the sugars that make up the backbone of DNA and RNA and the building blocks of proteins, known as amino acids. The researchers were interested in these molecules not only because they are so pervasive across life, but they also twist in specific ways.

Biological molecules have a property called chirality, which refers to the way the molecule turns. It's like comparing your left hand to your right hand. Your hands are made up of the same structures, organized in fundamentally the same way, but flipped so that they are not identical. In biology, chirality is important for how molecules interact. For example, all the sugars in DNA and RNA need to have the same chirality (all be right-handed) to assemble into the backbone of a DNA or RNA strand. However, why life chose one chirality over the other has remained a lingering question.

The researchers propose that early membranes may have played a key part in selecting the right-handed sugars and left-handed amino acids that all life uses today. They analyzed what was able to pass through membranes with properties similar to those of archaea, a major group of microbes. The researchers also tested a membrane they designed that mixes archaeal and bacterial properties. For both types of membranes, the right-handed DNA and RNA sugars more easily passed through, while the left-handed versions had trouble permeating.

There was more variability among amino acids. Some left-handed amino acids were more likely to pass through the membrane with mixed bacterial and archaeal properties. This included the amino acid alanine, which is thought to be one of the first amino acids used by life. While this study doesn't paint a complete picture of the amino acids our cells use today, these findings demonstrate how differences in membranes strongly affect which amino acids are able to pass through. Since the membranes studied are only approximations of what the first life on earth may have been encased in, there may be other, unknown properties of the earliest membranes that influenced what we now consider our most essential molecules.

The authors add, "All known life uses a specific stereochemistry: left-handed amino acids and right-handed DNA. Understanding how this evolved is a long-standing mystery key for understanding the origin of life. Our experiments show that a specific type of membrane -- the structure that encloses cells -- acts as a sieve that selects for the stereochemistry life uses."
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Does renewable energy reduce fossil fuel production in the US? | ScienceDaily
Increasing renewable energy may not reduce the use of fossil fuels in the United States, according to a study by Ryan Thombs, assistant professor of rural sociology in Penn State's College of Agricultural Sciences.


						
In the study, published in the Journal of Environmental Studies and Sciences, Thombs analyzed fuel production data spanning 1997 to 2020 from the 33 states that produce fossil fuels in the U.S., which is the second largest greenhouse gas emitter and second largest energy producer in the world.

He found no association between the production of renewable energy and fossil fuels, which suggests that creating renewable energy did not lower or replace the production of fossil fuels. However, Thombs did find that more than 96% of the variation in fossil fuel production across the states was explained by fixed factors in each state, such as fossil fuel endowments -- the amount of fossil fuel deposits available in each state.

Thombs said the findings suggest that additional policies may be needed to help reduce the use of fossil fuels, since current renewable energy investment approaches often assume that more renewable energy naturally leads to less fossil fuel production.

"Policies could include ones that directly limit fossil fuel production through carbon taxes, setting production caps on fossil fuels and keeping fossil fuel reserves in the ground," he said. "Future research could consider other geographical contexts to see if the findings from this study are generalizable elsewhere and should also consider the effectiveness of specific policies that have been implemented."

Fossil fuels are a significant contributor to climate change, accounting for more than 75% of greenhouse gas emissions and almost 90% of carbon dioxide emissions, according to the United Nations.

Transitioning from fossil fuels to renewable energy can help mitigate climate change, and investments in these alternative, renewable forms of energy have been growing quickly -- now making up the largest percentage of new energy generation, Thombs said.




"However, many policies to this point assume that growth in renewable energy corresponds with a proportional decrease in fossil fuels," he said. "If it doesn't, then we may need to implement additional policies to reduce fossil fuel production directly rather than hope that deploying renewables will crowd out fossil fuels."

For the current study, Thombs used state-level data on per capita production of fossil fuels -- including coal, natural gas and crude oil -- as well as per capita renewable energy production, including energy produced from geothermal, conventional hydroelectric, solar thermal and photovoltaic, wind, wood and waste, and biofuels. He analyzed the data using three modeling approaches to ensure robust estimates.

One limitation of the study, Thombs said, was that the findings only apply to the U.S. and may not be true in other settings. The study also was limited to the time period in which the data was collected.

"It's possible that renewables will substitute fossil fuels as the broader political economy transforms, especially if state regulations are implemented," he said. "However, the findings do demonstrate that any such transition will be hindered by the close proximity of renewable and fossil fuel resources in many fossil-fuel-dependent states."
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Selenium exposure during pregnancy may reduce childhood streptococcal infections | ScienceDaily
Higher maternal selenium levels during pregnancy were associated with a lower risk of streptococcal infections in children, suggesting a potential protective effect.


						
Scientists from Hokkaido University have discovered that exposure to certain metals and trace elements during pregnancy may affect a child's risk of developing streptococcal infections, according to a new study published in PLOS ONE. These infections are common in children, especially those caused by Group A Streptococcus, a bacterium that commonly causes illnesses such as strep throat, skin infections, and, in severe cases, more serious complications like scarlet fever or invasive diseases. The findings could contribute to improved strategies for preventing childhood infections.

The research team tracked more than 74,000 mothers and their children from a nationwide study in Japan. They measured the mothers' blood levels of various metals and trace elements, including selenium, mercury, cadmium, lead, and manganese. The researchers then followed the children to see whether they developed streptococcal infections between the ages of three and four. Statistical analysis was used to explore potential links between maternal metal exposure and infection risk in the children.

"We found that mothers with higher selenium levels during pregnancy were less likely to have children who developed streptococcal infections. " says Hiroyoshi Iwata, the study's first author, from the Center for Environmental and Health Sciences at Hokkaido University. "This association was strongest among mothers with the highest selenium levels in their blood. However, high selenium concentrations during pregnancy can lead to toxicity and adverse effects, so caution is necessary. As this research is based on a single blood sample provided by pregnant mothers, and the results of this study alone should not be used to recommend selenium intake during pregnancy."

Selenium is a trace element that plays a key role in immune function, and previous studies have suggested that it may help the body combat infections by strengthening the immune system. These new findings support the idea that sufficient selenium levels during pregnancy could help enhance a child's immune defenses against bacterial infections.

This study supports the importance of ensuring adequate selenium intake during pregnancy for the benefit of children's long-term health and adds to a growing body of evidence suggesting that selenium plays a vital role in immunity. However, this study specifically analyzed the relationship between maternal selenium levels and streptococcus infections only, and did not evaluate the relationships with other infectious diseases. Further research is needed to fully understand how selenium supports the immune system and to determine the optimal levels during pregnancy.
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Clouding the forecast: Study reveals why so many climate models are wrong about the rate of Arctic warming | ScienceDaily
The Arctic is one of the coldest places on Earth, but in recent decades, the region has been rapidly warming, at a rate three to four times faster than the global average. However, current climate models have been unable to account for this increased pace.


						
Now, two researchers from Kyushu University, graduate student Momoka Nakanishi, from the Interdisciplinary Graduate School of Engineering Sciences, along with her adviser, Associate Professor Takuro Michibata, from the Research Institute for Applied Mechanics, have reported in a study, published April 29 in Ocean-Land-Atmosphere Research, that clouds may be to blame.

The most common clouds found in the Arctic are mixed-phase clouds, which contain both ice crystals and supercooled liquid water droplets. In the Arctic summer, when the sun shines around the clock, these clouds act like a parasol, reflecting sunlight back into space and providing a cooling effect. But in the long, dark Arctic winter, when there's no sunlight to reflect, these clouds act more like a blanket, trapping heat that's radiated from the Earth's surface and sending it back down to the Arctic's surface.

"However, how well these mixed-phase clouds trap heat depends on their ratio of ice to liquid," explains Nakanishi. "The more liquid water the clouds contain, the better they are at trapping heat. But many climate models have a large bias in representing this ratio, causing incorrect predictions."

In this study, Nakanishi and Michibata analyzed 30 climate models and compared them to satellite observations of clouds in the Arctic during winter over the last decade. They found that 21 of the 30 models significantly overestimated the fraction of ice to liquid in wintertime Arctic clouds.

"These ice-dominant models are not properly accounting for the present-day warming potential of the clouds during the winter," says Nakanishi. "That's why they cannot account for the rapid warming we are currently seeing."

However, every cloud has a silver lining. While climate models are underestimating the rate of global warming in the present day, they are overestimating the rate of global warming in the future.




The errors in future projections are due to a process called "cloud emissivity feedback." In a nutshell, as the Arctic warms, clouds shift from containing mostly ice to more liquid, which increases their ability to trap heat, further warming the Arctic and creating a positive feedback loop.

But importantly, this feedback loop has a time limit. Once clouds become so rich in liquid that they behave like blackbodies -- fully absorbing and re-emitting heat -- further warming has less effect.

However, because many climate models underestimate how much liquid is already present in today's clouds, they assume a larger shift still lies ahead. As a result, they overestimate how much extra heat-trapping will occur in the future, and predict the feedback effect will last longer than reality suggests.

Moving forward, the study's findings could be used to refine climate models so that they provide a more accurate representation of the ice-to-liquid ratio within clouds and better predictions of current and future rates of Arctic warming.

Since the Arctic's climate also plays a key role in shaping weather patterns further south, these findings could also lead to more accurate forecasts of extreme weather in mid-latitude regions.

"The biggest uncertainty in our forecasts is due to clouds," concludes Michibata. "Fixing these models is essential not just for the Arctic, but for understanding its impact on weather and climate change across the globe."
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How molecules can 'remember' and contribute to memory and learning | ScienceDaily
Researchers have discovered how an ion channel in the brain's neurons has a kind of 'molecular memory', which contributes to the formation and preservation of lifelong memories. The researchers have identified a specific part of the ion channel at which new drugs for certain genetic diseases could be targeted. The study, led from Linkoping University in Sweden, has been published in Nature Communications.


						
One of the brain's superpowers is its ability to learn from past experiences and form memories. These vital processes depend on the reshaping of connections between neurons in the brain. Nerve junctions, called synapses, are strengthened or weakened throughout life in such a way that the brain is, in a certain sense, constantly being reshaped at the cellular level. This phenomenon is called synaptic plasticity.

There are several processes contributing to synaptic plasticity in the nervous system. One of these processes has to do with a type of molecules called calcium ion channels, which have long been of interest to researchers at Linkoping University.

"I want to uncover the secret lives of these ion channel molecules. Calcium ion channels have very important functions in the body -- by opening and closing, they regulate, among other things, nerve-to-nerve signalling. But beyond that, these molecules also have a kind of memory of their own, and can remember previous nerve signals," says Antonios Pantazis, associate professor at the Department of Biomedical and Clinical Sciences at LiU, who led the study.

The focus of this study was on a specific type of ion channel, the CaV2.1 channel, which is the most common calcium ion channel in the brain. The ion channel is located at the synapse, at the very end of the neuron. When an electrical signal passes through the neuron, the ion channel open, setting in motion a process leading to neurotransmitter being released towards the receiving neuron in the synapse. In this way, CaV2.1 channels are the gatekeepers of synaptic, neuron-to-neuron communication.

Prolonged electrical activity reduces the number of CaV2.1 channels that can open, resulting in less transmitter release, so the receiving neuron receives a weaker message. It is as if the channels can 'remember' previous signalling, and in doing so, make themselves unavailable to open by subsequent signals. How this works at the molecular level has been unknown to scientists until now.

The Linkoping researchers have now discovered a mechanism for how the ion channel can 'remember'. The channel is a large molecule made up of several interconnected parts, which can move relative to each other in response to electrical signals. They discovered that the ion channel can take almost 200 different shapes depending on the strength and duration of an electrical signal; it is a very complex molecular machine.




"We believe that during sustained electrical nerve signalling, an important part of the molecule disconnects from the channel gate, similar to the way the clutch in a car breaks the connection between the engine and the wheels. The ion channel can then no longer be opened. When hundreds of signals occur over long enough time, they can convert most channels into this 'declutched memory state' for several seconds," says Antonios Pantazis.

If the ion channel can 'remember' for just a few seconds, how does it contribute to lifelong learning? This type of collective memory in the ion channels can accumulate over time and reduce the communication between two neurons. This then leads to changes in the receiving neuron, lasting for hours or days. Eventually, it results in much longer-lived changes in the brain, such as the elimination of weakened synapses.

"In this way, a 'memory' that lasts for a few seconds in a single molecule can make a small contribution to a person's memory that lasts for a lifetime," says Antonios Pantazis.

Increased knowledge of how these calcium ion channels work can in the long term contribute to the treatment of certain diseases. There are many variants of the gene that produces the CaV2.1 channel, CACNA1A, that are linked to rare but serious neurological diseases, that often run in families. To develop drugs against these, it helps to know which part of the large ion channel you want to affect and in what way its activity should be changed.

"Our work pinpoints which part of the protein should be targeted when developing new drugs," says Antonios Pantazis.

The research has been funded by the Swedish Research Council, the Linkoping University Wallenberg Centre for Molecular Medicine, the Swedish Brain Foundation, the Swedish Heart-Lung Foundation, the Lions Research Fund for Public Diseases and the NIH.
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Scientific breakthrough brings CO2 'breathing' batteries closer to reality | ScienceDaily
Scientists at the University of Surrey have made a breakthrough in eco-friendly batteries that not only store more energy but could also help tackle greenhouse gas emissions. Lithium-CO2 'breathing' batteries release power while capturing carbon dioxide, offering a greener alternative that may one day outperform today's lithium-ion batteries.


						
Until now, Lithium-CO2 batteries have faced setbacks in efficiency -- wearing out quickly, failing to recharge and relying on expensive rare materials such as platinum. However, researchers from Surrey have found a way to overcome these issues by using a low-cost catalyst called caesium phosphomolybdate (CPM). Using computer modelling and lab experiments, tests showed this simple change allowed the battery to store significantly more energy, charge with far less power and run for over 100 cycles.

The study, published in Advanced Science, marks a promising step toward real-world applications. If commercialised, these batteries could help cut emissions from vehicles and industrial sources -- and scientists even imagine they could operate on Mars, where the atmosphere is 95% CO2.

Dr Siddharth Gadkari, Lecturer in Chemical Process Engineering at the University of Surrey, and corresponding author of the study, said:

"There's a growing need for energy storage solutions that support our push toward renewable power while also tackling the growing threat of climate change. Our work on lithium-CO2 batteries is a potential game-changer in making that vision a reality.

"One of the biggest challenges with these batteries is something called 'overpotential' -- the extra energy needed to get the reaction going. You can think of it like cycling uphill before you can coast. What we've shown is that CPM flattens that hill, meaning the battery loses far less energy during each charge and discharge."

To understand why the CPM worked so well, teams from Surrey's School of Chemistry and Chemical Engineering and the Advanced Technology Institute used two approaches. First, they dismantled the battery after charging and discharging to study the chemical changes inside. These post-mortem tests found that lithium carbonate, the compound formed when the battery absorbs CO2, could be reliably built up and removed -- an essential feature for long-term use.




They then turned to computer modelling using density functional theory (DFT), which allows researchers to explore how the reactions unfold on the material surface. Results showed how the CPM's stable, porous structure offered the ideal surface for key chemical reactions.

Dr Daniel Commandeur, Future Fellow at the University of Surrey and corresponding author of the study, said:

"What's exciting about this discovery is that it combines strong performance with simplicity. We've shown that it's possible to build efficient lithium-CO2 batteries using affordable, scalable materials -- no rare metals required. Our findings also open the door to designing even better catalysts in the future."

The discovery opens new doors for developing even better low-cost, easy-to-make battery materials. With further research into how these catalysts interact with electrodes and electrolytes, lithium-CO2 batteries could become a practical, scalable way to store clean energy, while helping reduce carbon in the atmosphere.
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Forest management can influence health benefits | ScienceDaily
Forests play a crucial role in promoting health and wellbeing, but not all forests provide the same benefits. A large-scale international study, co-led by the University of Surrey and the University of Ghent, demonstrates how specific forest characteristics -- such as canopy density and tree species diversity -- can affect various health outcomes.


						
The research, published in Nature Sustainability, was carried out by a range of international partners within the Dr. Forest research project, investigated 164 forests across five European countries, offering valuable insights for forest management and urban planning. The study examined seven ecological characteristics of forests and their influence on different human health effects.

Tree species diversity was found to have a limited but positive effect on human health and wellbeing. Increasing tree species diversity is therefore considered a safe and beneficial intervention for forest managers, which also provides multiple co-benefits beyond human health, such as supporting associated non-tree biodiversity.

Forest structures -- particularly, the canopy structure -- were found to have the strongest health impact, both with its own benefits and drawbacks. Dense canopy reduces heat stress by providing more shade and creating a more stable microclimate, while also improving air quality by increasing leaf surface area for fine particulate matter deposition -- both crucial elements in urban areas where heatwaves and airborne pollutants are more frequent.

On the other hand, a dense canopy can also increase the risk of Lyme disease -- as ticks thrive in humid climates -- and lead to less light reaching the forest floor, which can hinder the growth of medicinal plants, affecting their potential health benefits.

From a mental health standpoint, just being in a forest was found to be beneficial, reducing anxiety and stress, and increasing positive emotions. Forests that people perceived to be more biodiverse and natural were also found to be the most beneficial for mental health.

Dr Melissa Marselle, Lecturer in Environmental Psychology at the University of Surrey, said:

"Our study shows that forests generally provide a mental health benefit, reducing anxiety and stress, regardless of their biodiversity or structure. As one in six people in England experience anxiety and depression each week, this research suggests that simply being in a forest can improve mental health. For the UK, this means preserving urban forests so people can easily access forests where they live, work and play for their mental wellbeing. Contact with forests could be prescribed by the NHS, as research shows that NHS nature prescriptions are effective at improving mental health."
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Technique rapidly measures cells' density, reflecting health and developmental state | ScienceDaily
Measuring the density of a cell can reveal a great deal about the cell's state. As cells proliferate, differentiate, or undergo cell death, they may gain or lose water and other molecules, which is revealed by changes in density.


						
Tracking these tiny changes in cells' physical state is difficult to do at a large scale, especially with single-cell resolution, but a team of MIT researchers has now found a way to measure cell density quickly and accurately -- measuring up to 30,000 cells in a single hour.

The researchers also showed that density changes could be used to make valuable predictions, including whether immune cells such as T cells have become activated to kill tumors, or whether tumor cells are susceptible to a specific drug.

"These predictions are all based on looking at very small changes in the physical properties of cells, which can tell you how they're going to respond," says Scott Manalis, the David H. Koch Professor of Engineering in the departments of Biological Engineering and Mechanical Engineering, and a member of the Koch Institute for Integrative Cancer Research.

Manalis is the senior author of the new study, which appears today in Nature Biomedical Engineering. The paper's lead author is MIT research scientist Weida (Richard) Wu.

Measuring density

As cells enter new states, their molecular contents, including lipids, proteins, and nucleic acids, can become more or less crowded. Measuring the density of a cell offers an indirect view of this crowding.




The new density measurement technique reported in this study builds on work that Manalis' lab has done over the past two decades on technologies for making measurements of cells and tiny particles. In 2007, his lab developed a microfluidic device known as a suspended microchannel resonator (SMR), which consists of a microchannel across a tiny silicon cantilever that vibrates at a specific frequency. As a cell passes through the channel, the frequency of the vibration changes slightly, and the magnitude of that change can be used to calculate the cell's mass.

In 2011, the researchers adapted the technique to measure the density of cells. To achieve that, cells are sent through the device twice, suspended in two liquids of different densities. A cell's buoyant mass (its mass as it floats in fluid) depends on its absolute mass and volume, so by measuring two different buoyant masses for a cell, its mass, volume, and density can be calculated.

That technique works well, but swapping fluids and flowing cells through each one is time-consuming, so it can only be used to measure a few hundred cells at a time.

To create a faster, more streamlined system, the researchers combined their SMR device with a fluorescent microscope, which enables measurements of cell volume. The microscope is positioned at the entrance to the resonator, and cells flow through the device while floating in a fluorescent dye that can't be absorbed by cells. When cells pass by the microscope, the dip in the fluorescent signal can be used to determine the volume of the cell.

After that volume measurement is taken, the cells flow into the resonator, which measures their mass. This process, which allows for rapid calculation of density, can be used to measure up to 30,000 cells in an hour.

"Instead of trying to flow the cells back and forth at least twice through the cantilever to get cell density, we wanted to try to create a method to do a streamlined measurement, so the cells only need to pass through the cantilever once," Wu says. "From a cell's mass and volume, we can then derive its density, without compromising the throughput or the precision."

Evaluating T cells




The researchers used their new technique to track what happens to the density of T cells after they are activated by signaling molecules.

As T cells transition from a quiescent state to an active state, they gain new molecules, as well as water, the researchers found. From their pre-activation state to the first day of activation, the densities of the cells dropped from an average of 1.08 grams per milliliter to 1.06 grams per milliliter. This means that the cells are becoming less crowded, as they gain water faster than they gain other molecules.

"This is suggesting that cell density is very likely reflecting an increase in cellular water content as the cells transit from a quiescent, non-proliferative state to a high-growth state," Wu says. "These data are pointing to the notion that cell density is an interesting biomarker that is changing during T-cell activation and may have functional relevance to how well the T cells could proliferate."

Travera, a clinical-stage company co-founded by Manalis, is working on using the SMR mass measurements to predict whether individual cancer patients' T cells will respond to drugs meant to stimulate a strong anti-tumor immune response. The company has also begun using the density measurement technique, and preliminary studies have found that using mass and density measurements together gives a much more accurate prediction that using either one alone.

"Both mass and density are revealing something about the overall competency of the immune cells," Manalis says.

Making predictions

Another potential application for this approach is predicting how tumor cells will respond to different types of cancer drugs. In previous work, Manalis has shown that tracking changes in cell mass after treatment can predict whether a tumor cell is undergoing drug-induced apoptosis. In the new study, he found that density could also reveal these responses.

In those experiments, the researchers treated pancreatic cancer cells with one of two different drugs -- one that the cells are susceptible to, and one they are resistant to. They found that density changes after treatment accurately reflected the cells' known responses to treatment.

"We capture something about the cells that is highly predictive within the first couple of days after they get taken out from the tumor," Wu says. "Cell density is a rapid biomarker to predict in vivo drug response in a very timely manner."

Manalis' lab is now working on using measurements of cell mass and density as a way to evaluate the fitness of cells used to synthesize complex proteins such as therapeutic antibodies.

"As cells are producing these proteins, we can learn from these markers of cell fitness and metabolic state to try to make predictions about how well these cells can produce these proteins, and hopefully in the future also guide design and control strategies to even further improve the yield of these complex proteins," Wu says.

The research was funded by the Paul G. Allen Frontiers Group, the Virginia and Daniel K. Ludwig Fund for Cancer Research, the MIT Center for Precision Cancer Medicine, the Stand up to Cancer Convergence Program, Bristol Myers Squibb, and the Koch Institute Support (core) Grant from the National Cancer Institute.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250520121716.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Forgotten property of the electron | ScienceDaily
The orbital angular momentum of electrons has long been considered a minor physical phenomenon, suppressed in most crystals and largely overlooked. Scientists at Forschungszentrum Julich have now discovered that in certain materials it is not only preserved but can even be actively controlled. This is due to a property of the crystal structure called chirality, which also influences many other processes in nature. The discovery has the potential to lead to a new class of electronic components capable of transmitting information with exceptional robustness and energy efficiency.


						
From electronics to spintronics, and now to orbitronics: In classical electronics, it is primarily the charge of the electron that counts. In modern approaches such as quantum computing and spintronics, the focus has shifted to the electron's spin. Now, another property is entering the spotlight: orbital angular momentum (OAM). In simple terms, OAM describes how the electron moves within an atom -- not in a classical orbit, but as a quantum mechanical distribution within an orbital.

"For decades, spin was considered the key parameter for new quantum-based technologies. But orbital angular momentum also has great potential as an information carrier -- and is significantly more robust," explains Dr. Christian Tusche from the Peter Grunberg Institute (PGI-6) at Forschungszentrum Julich. The physicist is one of the lead authors of the study published in the journal Advanced Materials.

The orbital angular momentum is one of the fundamental quantum numbers of the electron, similar to spin, which describes the apparent rotation of the electron. However, OAM is rarely observable in crystals. It is usually suppressed by the symmetrical electric and magnetic fields in the crystal lattice -- an effect known as "quenching."

In so-called chiral materials such as the cobalt silicide (CoSi) studied, this is different, as the team led by Christian Tusche, together with partners in Taiwan, Japan, Italy, the US, and Germany, has now been able to show. The word "chiral" comes from the ancient Greek "cheir" for hand. "These crystal structures lack mirror symmetry and are either left- or right-handed -- just like the human hand. You can turn them around and they remain mirror images of each other," explains Dr. Tusche. Chirality occurs frequently in nature. Sugar molecules, amino acids, and DNA all exhibit chiral structures.

Using high-resolution momentum microscopy and circularly polarized light, the researchers were able to resolve the orbital angular momentum in the chiral semiconductor for the first time -- both inside the crystal and on its surface. For the measurements, they used the NanoESCA momentum microscope operated by Forschungszentrum Julich at the Elettra synchrotron in Trieste, Italy. They discovered that the handedness of the crystal -- left- or right-handed -- predictably affects the orbital angular momentum of the electrons.

New link between crystal structure and electron

"Our results show that the structure of the crystal directly influences the angular momentum of the electrons -- an effect that we were able to measure directly. This opens up a whole new door for materials research and information processing," emphasizes Julich experimental physicist Dr. Ying-Jiun Chen.




Dr. Dongwook Go, theoretical physicist at the Peter Grunberg Institute (PGI-1) in Julich, adds: "The discovery is particularly important for the emerging field of orbitronics, which uses orbital angular momentum as an information carrier for the next generation of quantum technology."

A characteristic feature of the resulting orbital angular momentum texture are differently formed Fermi arcs: open, arc-shaped structures that become visible in so-called momentum space representations, as generated by momentum microscopy. This opens up new perspectives for applications: In the future, information could be transmitted and stored not just via the charge or spin of electrons, but also through the direction and orientation of their orbital angular momentum. This so-called orbitronics -- electronics based on orbital properties -- could thus provide the foundation for a new class of electronic devices.

Potential for different applications

The EU is funding the development of this future technology as part of the EIC Pathfinder project OBELIX, in which Prof. Yuriy Mokrousov from the University of Mainz is also involved. The theoretical physicist is also group leader at the Peter Grunberg Institute (PGI-1) in Julich and contributed fundamental theoretical models to the recent discovery.

Prof. Claus Michael Schneider also sees great promise: "For instance, it seems conceivable to use orbital angular momentum as an information carrier. Or one might employ circularly polarized light to selectively influence a crystal's chirality, enabling a light-controlled, non-mechanical switch as an alternative to the transistor. Furthermore, coupling between orbital angular momentum and spin could allow integration into existing spintronics concepts -- for example, in hybrid quantum devices," says the director of the Peter Grunberg Institute for Electronic Properties (PGI-6) at Forschungszentrum Julich.
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        Shrinking Nemo: Clownfish survive heatwaves by shrinking
        Clownfish have been shown to shrink in order to survive heat stress and avoid social conflict, research reveals.

      

      
        Bed-netting prototypes to target malaria-causing parasites
        Scientists have fabricated two bed netting prototypes targeting malaria-causing blood parasites. They designed netting systems to deliver antimalarial drugs called Endochin-like Quinolones (ELQs) that destroy Plasmodium parasites transmitted by mosquitoes.

      

      
        Scientists discover class of crystals with properties that may prove revolutionary
        Researchers have discovered a new class of materials -- called intercrystals -- with unique electronic properties that could power future technologies. Intercrystals exhibit newly discovered forms of electronic properties that could pave the way for advancements in more efficient electronic components, quantum computing and environmentally friendly materials, the scientists said.

      

      
        A one-pixel camera for recording holographic movies
        A new camera setup can record three-dimensional movies with a single pixel. Moreover, the technique can obtain images outside the visible spectrum and even through tissues. The development thus opens the door to holographic video microscopy.

      

      
        Enormous boulder washed inland a sign of Pacific tsunami history
        Analysis has shown a boulder weighing almost 1,200 tons in Tonga is one of the largest known wave-transported rocks in the world, providing new insights into the Pacific region's history and risk of tsunamis.

      

      
        Unveiling the secrets of planet formation in environments of high UV radiation
        The fundamental building blocks for planet formation can exist even in environments with extreme ultraviolet radiation, according to a new study.

      

      
        Fool's gold: A hidden climate stabilizer
        Researchers look to extremes in the past to study how the system reacts to imbalances. They detail an overlooked mechanism for how the ocean can help stabilize massive releases of carbon into the atmosphere following volcanic eruptions.

      

      
        'Cosmic joust': Astronomers observe pair of galaxies in deep-space battle
        Astronomers have witnessed for the first time a violent cosmic collision in which one galaxy pierces another with intense radiation. Their results show that this radiation dampens the wounded galaxy's ability to form new stars.

      

      
        A new technology for extending the shelf life of produce
        Researchers developed a way to extend the shelf life of vegetables by injecting them with melatonin using biodegradable microneedles.

      

      
        Clinical trial shows improvements for spinal cord injuries
        Researchers demonstrated unprecedented rates of recovery for spinal cord injuries. Individuals with incomplete spinal cord injury safely received a combination of stimulation of a nerve in the neck with progressive, individualized rehabilitation. This approach, called closed-loop vagus nerve stimulation (CLV), produced meaningful improvements in arm and hand function in these individuals.

      

      
        Gas location drives star formation in distant galaxies
        In the intriguing realm of star-forming galaxies, the key factor isn't the total amount of gas but rather its strategic distribution within the galaxy.

      

      
        Missing link in early Martian water cycle discovered
        Astronomers have filled a large gap in knowledge about Mars' water cycle. Their research on water percolating from surface to aquifer could change the picture of what early Mars was like, suggesting that less of the planet's water may have been available to become rain and refill lakes and oceans.

      

      
        Clouding the forecast: Study reveals why so many climate models are wrong about the rate of Arctic warming
        The Arctic is one of the coldest places on Earth, but in recent decades, the region has been rapidly warming, at a rate three to four times faster than the global average. However, current climate models have been unable to account for this increased pace. Now, researchers have reported that clouds may be to blame.

      

      
        Asian elephants have larger brains than their African relatives
        African elephants are the largest land animals on earth and significantly larger than their relatives in Asia, from which they are separated by millions of years of evolution. Nevertheless, Asian elephants have a 20 percent heavier brain, as scientists were able to demonstrate. They also showed that elephant brains triple in weight after birth. These results provide potential explanations for behavioral differences between African and Asian elephants as well as for the pachyderms' long youth, dur...

      

      
        'Sharkitecture:' A nanoscale look inside a blacktip shark's skeleton
        Using synchrotron X-ray nanotomography with detailed 3D imaging and in-situ mechanical testing, researchers are peering inside shark skeletons at the nanoscale, revealing a microscopic 'sharkitecture' that helps these ancient apex predators withstand extreme physical demands of constant motion. After hundreds of millions of years of evolution, scientists can now finally see how shark cartilage works at the nanoscale -- and learn from them.

      

      
        Cool science: Researchers craft tiny biological tools using frozen ethanol
        Imagine drawing on something as delicate as a living cell -- without damaging it. Researchers have made this groundbreaking discovery using an unexpected combination of tools: frozen ethanol, electron beams and purple-tinted microbes. By advancing a method called ice lithography, the team was able to etch incredibly small, detailed patterns directly onto fragile biological surfaces.

      

      
        Thousands of animal species threatened by climate change
        A novel analysis suggests more than 3,500 animal species are threatened by climate change and also sheds light on huge gaps in fully understanding the risk to the animal kingdom.

      

      
        Controlling these 8 risk factors may eliminate early death risk for those with high blood pressure
        Controlling blood pressure is not the only way to treat hypertension. A new study identified eight associated risk factors. Each risk factor addressed was associated with a 13% lower risk of premature death. Patients who addressed at least four of these risk factors had no greater risk of an early death than those without high blood pressure.

      

      
        Surprise baby whale sightings reveal there's still much to learn about humpbacks
        Humpback whales are not always born in tropical waters, new research has shown -- challenging long-held assumptions about their breeding and migration behaviors, while raising new questions for marine conservation.

      

      
        World's first petahertz-speed phototransistor in ambient conditions
        Researchers demonstrated a way to to manipulate electrons using pulses of light that last less than a trillionth of a second to record electrons bypassing a physical barrier almost instantaneously -- a feat that redefines the potential limits of computer processing power.

      

      
        A head and a hundred tails: How a branching worm manages reproductive complexity
        Scientists have uncovered the genetic underpinnings of one of the ocean's most bizarre animals: a branching marine worm named Ramisyllis kingghidorahi that lives inside sea sponges and reproduces in a truly extraordinary way. Living hidden in tropical waters, this worm grows multiple body branches within a host sponge, each tail capable of producing separate living reproductive units called 'stolons'. But how does a single animal coordinate reproduction across so many branches?

      

      
        Investment risk for energy infrastructure construction is highest for nuclear power plants, lowest for solar
        The average energy project costs 40% more than expected for construction and takes almost two years longer than planned, finds a new global study. One key insight: The investment risk is highest for nuclear power plant construction and lowest for solar. The researchers analyzed data from 662 energy projects built between 1936 and 2024 in 83 countries, totaling $1.358 trillion in investment.

      

      
        Empowering robots with human-like perception to navigate unwieldy terrain
        Researchers have developed a novel framework named WildFusion that fuses vision, vibration and touch to enable robots to 'sense' and navigate complex outdoor environments much like humans do.

      

      
        Not one, but two massive black holes are eating away at this galaxy
        Astronomers searching for massive black holes shredding stars found one in an unusual place -- 2,600 light years from the core of a galaxy. The roque black hole may be from an earlier merger with another galaxy, or have been tossed out of the core after interacting with two other black holes. This is the first ever optically discovered off-nuclear tidal disruption event. Eventually, the two could merge and produce ripples of gravitational waves.

      

      
        Astronomers observe largest ever sample of galaxies up to over 12 billion light years away
        The largest sample of galaxy groups ever detected has been presented by a team of international astronomers using data from the James Webb Space telescope (JWST) in an area of the sky called COSMOS Web. The study marks a major milestone in extragalactic astronomy, providing unprecedented insights into the formation and evolution of galaxies and the large-scale structure of the universe.

      

      
        Streaked slopes on Mars probably not signs of water flow, study finds
        Researchers analyzed a global database of 500,000 strange streaks that occur on steep Martian slopes, concluding that they're most likely caused by dry processes rather than liquid flow.

      

      
        Glaciers will take centuries to recover even if global warming is reversed, scientists warn
        New research reveals mountain glaciers across the globe will not recover for centuries -- even if human intervention cools the planet back to the 1.5 C limit, having exceeded it.

      

      
        How to swim without a brain
        A team was able to show that swimming movements are possible even without a central control unit. This not only explains the behavior of microorganisms, it could also enable nanobots to move in a targeted manner, for example to transport drugs to the right place in the body.

      

      
        Could nanoplastics in the environment turn E. coli into a bigger villain?
        Nanoplastics are everywhere. These fragments are so tiny they can accumulate on bacteria and be taken up by plant roots; they're in our food, our water, and our bodies. Scientists don't know the full extent of their impacts on our health, but new research suggests certain nanoplastics may make foodborne pathogens more virulent.

      

      
        Capuchin monkeys develop bizarre 'fad' of abducting baby howlers
        Animal abduction: Biologists documented five male capuchin monkeys carrying at least eleven different infant howler monkeys -- a behavior never before seen in wild primates. Rise and spread: The sightings were remotely recorded by over 85 camera traps, which allowed scientists to pinpoint the origin and subsequent spread of this social tradition over a 15-month period.

      

      
        Mice use chemical cues such as odors to sense social hierarchy
        Researchers have shown that mice use chemical cues, including odors, to detect the social rank of an unfamiliar mouse and compare it to their own, using this information to determine their behavior.

      

      
        Experimental painkiller could outsmart opioids -- without the high
        A study shows a non-opioid pain reliever blocks pain at its source -- calming specific nerve signals that send pain messages to the brain. In mice, the compound SBI-810 eased pain from surgery, bone fractures, and nerve injury without causing sedation or constipation.

      

      
        Invisible currents at the edge: Research team shows how magnetic particles reveal a hidden rule of nature
        If you've ever watched a flock of birds move in perfect unison or seen ripples travel across a pond, you've witnessed nature's remarkable ability to coordinate motion. Recently, a team of scientists and engineers has discovered a similar phenomenon on a microscopic scale, where tiny magnetic particles driven by rotating fields spontaneously move along the edges of clusters driven by invisible 'edge currents' that follow the rules of an unexpected branch of physics.

      

      
        Researchers find CRISPR is capable of even more than we thought
        Newly discovered weapons of bacterial self-defense take different approaches to achieving the same goal: preventing a virus from spreading through the bacterial population.

      

      
        Study reveals healing the ozone hole helps the Southern Ocean take up carbon
        New research suggests that the negative effects of the ozone hole on the carbon uptake of the Southern Ocean are reversible, but only if greenhouse gas emissions rapidly decrease. The study finds that as the ozone hole heals, its influence on the ocean carbon sink of the Southern Ocean will diminish, while the influence of greenhouse gas (GHG) emissions will rise.

      

      
        Overlooked cell type orchestrates brain rewiring
        Researchers have shown in mice that brain cells known as astrocytes are required for a signaling chemical called norepinephrine to modify brain activity, changing the textbook understanding that norepinephrine acts directly on neurons.

      

      
        One in ten asthma cases can be avoided with a better urban environment
        The combination of air pollution, dense urban development and limited green spaces increases the risk of asthma in both children and adults.

      

      
        Rising temperatures lead to unexpectedly rapid carbon release from soils
        How sensitively does organic carbon stored in soils react to changes in temperature and humidity?

      

      
        Ancient ocean sediments link changes in currents to cooling of Northern Hemisphere 3.6 million years ago
        New research from an international group looking at ancient sediment cores in the North Atlantic has for the first time shown a strong correlation between sediment changes and a marked period of global cooling that occurred in the Northern Hemisphere some 3.6 million years ago. The changes in sediments imply profound changes in the circulation of deep water currents occurred at this time. This crucial piece of work, which showed sediments changed in multiple sites east of the mid-Atlantic ridge b...

      

      
        Wild orangutans show communication complexity thought to be uniquely human
        Researchers have found that wild orangutans vocalize with a layered complexity previously thought to be unique to human communication, suggesting a much older evolutionary origin.

      

      
        New auditory brainstem implant shows early promise
        Investigators are developing a new type of auditory brainstem implant that is designed to be soft, and flexible and address limitations of models currently in use. These implants may one day benefit people who can't receive a cochlear implant, such as those with Neurofibromatosis type 2 (NF2) and other severe inner ear abnormalities. In a new preclinical study, researchers report on benefits in large animal models, and based on the results, hope for future trials in humans.

      

      
        Log in to your computer with a secret message encoded in a molecule
        Molecules like DNA are capable of storing large amounts of data without requiring an energy source, but accessing this molecular data is expensive and time consuming. Researchers have now developed an alternative method to encode information in synthetic molecules, which they used to encode and then decode an 11-character password to unlock a computer.

      

      
        In healthy aging, carb quality counts
        Intakes of dietary fiber and high-quality carbohydrates in midlife are linked to increased likelihood of healthy aging and other positive health outcomes in older women. Higher intakes of refined carbohydrates and starchy vegetables were associated with lower odds of healthy aging.

      

      
        Very different mammals follow the same rules of behavior
        In the natural world -- where predators pounce, prey flee, and group members feed and sleep in solidarity -- animal behavior is glorious in its variety. Now, new research suggests there may be an underlying architecture that orders the movements of animals as they go about their very different lives. And it's more widespread than previously imagined.

      

      
        New gene editor enables greater precision
        A new gene editor may soon open the door to gene therapies for a wider array of diseases.

      

      
        Bismuth's mask uncovered: Implications for quantum computing and spintronics materials
        Whether bismuth is part of a class of materials highly suitable for quantum computing and spintronics was a long-standing issue. Research has now revealed that the true nature of bismuth was masked by its surface, and in doing so uncovered a new phenomenon relevant to all such materials.

      

      
        Study reveals a deep brain region that links the senses
        Humans perceive and navigate the world around us with the help of our five senses: sight, hearing, touch, taste and smell. And while scientists have long known that these different senses activate different parts of the brain, a new study indicates that multiple senses all stimulate a critical region deep in the brain that controls consciousness. The study sheds new light on how sensory perception works in the brain and may fuel the development of therapies to treat disorders involving attention,...

      

      
        Ultraviolet data from NASA's Europa Clipper mission
        The Ultraviolet Spectrograph (UVS) aboard NASA's Europa Clipper spacecraft has successfully completed its initial commissioning following the October 14, 2024, launch. Scheduled to arrive in the Jovian system in 2030, the spacecraft will orbit Jupiter and ultimately perform repeated close flybys of the icy moon Europa. Previous observations show strong evidence for a subsurface ocean of liquid water that could host conditions favorable for life.

      

      
        Two HIV vaccine trials show proof of concept for pathway to broadly neutralizing antibodies
        A decades-long scientific challenge in HIV vaccine development has been finding a way to train the immune system to produce antibodies that can target many variants of the virus. Traditional approaches haven't worked -- largely because HIV mutates rapidly and hides key parts of itself from the immune system. Now, a new study combining data from two separate phase 1 clinical trials shows that a targeted vaccine strategy can successfully activate early immune responses relevant to HIV, and, in one ...

      

      
        Asians made humanity's longest prehistoric migration and shaped the genetic landscape in the Americas
        An international genomics study has revealed that early Asians undertook humanity's longest known prehistoric migration. These early humans, who roamed the earth over 100,000 years ago, are believed to have traveled more than 20,000 kilometers on foot from North Asia to the southernmost tip of South America. Scientists have mapped the unexpectedly vast genetic diversity of Asians, who make up more than half of the world's population. These findings overturn long-held assumptions of European genet...
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Shrinking Nemo: Clownfish survive heatwaves by shrinking | ScienceDaily
Clownfish have been shown to shrink in order to survive heat stress and avoid social conflict, Newcastle University research reveals.


						
The fish, recognisable from the starring role in the film 'Finding Nemo', were studied by academics from the universities of Newcastle, Leeds and Boston, USA. The work was conducted in collaboration with Mahonia Na Dari Conservation and Research Centre, in Kimbe Bay, Papua New Guinea. The team measured the length of 134 clownfish every month for five months, and monitored the water temperature every 4-6 days, during a marine heatwave which are becoming increasingly common as a result of climate change.

Publishing in the journal Science Advances, they reveal the remarkable ability of clownfish to shrink, i.e. they can get shorter, in response to heat stress. Shrinking increased individuals' chances of surviving the heat stress event by as much as 78%.

In a heart-warming discovery, they also show that coordination is important for clownfish, as they have a higher chance of surviving heatwaves when they shrink alongside their breeding partner. This is the first time that a coral reef fish has been shown to reduce the length of their body in response to environmental and social conditions.

Melissa Versteeg, a PhD researcher at Newcastle University's School of Natural and Environmental Sciences led the study. Of this newly-discovered ability for the clownfish to shrink, she said: "This is not just about getting skinnier under stressful conditions, these fish are actually getting shorter. We don't know yet exactly how they do it, but we do know that a few other animals can do this too. For example, marine iguanas can reabsorb some of their bone material to also shrink during times of environmental stress.

"We were so surprised to see shrinking in these fish that, to be sure, we measured each fish individual repeatedly over a period of five months. In the end, we discovered it was very common in this population. During our study, 100 fish shrank out of the 134 fish that we studied."

"It was a surprise to see how rapidly clownfish can adapt to a changing environment and we witnessed how flexibly they regulated their size, as individuals and as breeding pairs, in response to heat stress as a successful technique to help them survive."

The authors also highlight that individual shrinking might explain the rapidly declining size of fish in the world's oceans.

Dr Theresa Rueger, Senior Lecturer in Tropical Marine Sciences and senior author of the study added: "Our findings show that individual fish can shrink in response to heat stress, which is further impacted by social conflict, and that shrinking can lead to improving their chances of survival. If individual shrinking were widespread and happening among different species of fish, it could provide a plausible alternative hypothesis for why the size many fish species is declining and further studies are needed in this area."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250521161226.htm



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Bed-netting prototypes to target malaria-causing parasites | ScienceDaily
Southwest Research Institute tapped into its drug formulation and manufacturing expertise to fabricate two bed netting prototypes targeting malaria-causing blood parasites. In a collaboration with researchers at the Harvard T.H. Chan School of Public Health and Oregon Health & Science University (OHSU)/Portland Veterans Affairs Medical Center (PVAMC), SwRI designed netting systems to deliver antimalarial drugs called Endochin-like Quinolones (ELQs) that destroy Plasmodium parasites transmitted by mosquitoes. The findings appear in the latest issue of the journal Nature.


						
"If an infected mosquito hits or lands on either type of netting, it's essentially disinfected," said Institute Scientist Dr. Mike Rubal, a contributor to the Nature article. "The best defense against malaria has been insecticide-treated bed nets or those coated with larvicides, but mosquitoes are developing an immunity to those prevention methods. This novel approach targets the source of the disease."

In 2023, the World Health Organization reported 263 million cases of malaria and nearly 600,000 deaths worldwide. The disease remains pervasive even with preventative measures and available treatments. Resistance to larvicides and pesticides is a growing concern among malaria researchers.

Rubal's team coated a commercially available polyester bed net with an ELQ solution synthesized at OHSU/PVAMC. SwRI also blended a second formulation of ELQ into a hot-melt extrusion of high-density polyethylene filaments, which can be woven to make yarn for netting. The team at the Catteruccia lab at Harvard evaluated both netting systems for efficacy.

"We desperately need innovation in malaria control. This study offers a new, effective way to stop the transmission of malaria parasites, which we hope will reduce the burden of this devastating disease in Africa and beyond," said corresponding author Dr. Flaminia Catteruccia, the Irene Heinz Given Professor of Immunology and Infectious Diseases at Harvard and Howard Hughes Medical Institute Investigator.

Native to tropical and subtropical regions around the world, female Anopheles mosquitoes pass parasites to humans through saliva shared when they bite. Parasites attack and reproduce within the liver and red blood cells causing a variety of symptoms ranging from mild to severe. If left untreated, malaria can lead to brain damage, organ failure and even death, especially among children and other vulnerable populations.

"Our research shows that the two drugs, which are absorbed through the legs of the insect, kill parasites developing within the mosquito. By using two different ELQs, the likelihood of resistance is greatly diminished and possibly eliminated," said Dr. Michael Riscoe, a professor of molecular microbiology and immunology at OHSU. "This emerging technology has great potential to impact efforts to control and eradicate malaria around the world."

A National Institute of Health (NIH) R01 grant and funding from Open Philanthropy supported the research.
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Scientists discover class of crystals with properties that may prove revolutionary | ScienceDaily
Rutgers University-New Brunswick researchers have discovered a new class of materials -- called intercrystals -- with unique electronic properties that could power future technologies.


						
Intercrystals exhibit newly discovered forms of electronic properties that could pave the way for advancements in more efficient electronic components, quantum computing and environmentally friendly materials, the scientists said.

As described in a report in the science journal Nature Materials, the scientists stacked two ultrathin layers of graphene, each a one-atom-thick sheet of carbon atoms arranged in a hexagonal grid. They twisted them slightly atop a layer of hexagonal boron nitride, a hexagonal crystal made of boron and nitrogen. A subtle misalignment between the layers that formed moire patterns -- patterns similar to those seen when two fine mesh screens are overlaid -- significantly altered how electrons moved through the material, they found.

"Our discovery opens a new path for material design," said Eva Andrei, Board of Governors Professor in the Department of Physics and Astronomy in the Rutgers School of Arts and Sciences and lead author of the study. "Intercrystals give us a new handle to control electronic behavior using geometry alone, without having to change the material's chemical composition."

By understanding and controlling the unique properties of electrons in intercrystals, scientists can use them to develop technologies such as more efficient transistors and sensors that previously required a more complex mix of materials and processing, the researchers said.

"You can imagine designing an entire electronic circuit where every function -- switching, sensing, signal propagation -- is controlled by tuning geometry at the atomic level," said Jedediah Pixley, an associate professor of physics and a co-author of the study. "Intercrystals could be the building blocks of such future technologies.

"The discovery hinges on a rising technique in modern physics called "twistronics," where layers of materials are contorted at specific angles to create moire patterns. These configurations significantly alter the behavior of electrons within the substance, leading to properties that aren't found in regular crystals.




The foundational idea was first demonstrated by Andrei and her team in 2009, when they showed that moire patterns in twisted graphene dramatically reshape its electronic structure. That discovery helped seed the field of twistronics.

Electrons are tiny particles that move around in materials and are responsible for conducting electricity. In regular crystals, which possess a repeating pattern of atoms forming a perfectly arranged grid, the way electrons move is well understood and predictable. If a crystal is rotated or shifted by certain angles or distances, it looks the same because of an intrinsic characteristic known as symmetry.

The researchers found the electronic properties of intercrystals, however, can vary significantly with small changes in their structure. This variability can lead to new and unusual behaviors, such as superconductivity and magnetism, which aren't typically found in regular crystals. Superconducting materials offer the promise of continuously flowing electrical current because they conduct electricity with zero resistance.

Intercrystals could be a part of the new circuitry for low loss electronics and atomic sensors that could play a part in the making of quantum computers and power new forms of consumer technologies, the scientists said.

The materials also offer the prospect of functioning as the basis of more environmentally friendly electronic technologies.

"Because these structures can be made out of abundant, non-toxic elements such as carbon, boron and nitrogen, rather than rare earth elements, they also offer a more sustainable and scalable pathway for future technologies," Andrei said.




Intercrystals aren't only distinct from conventional crystals. They also are different from quasicrystals, a special type of crystal discovered in 1982 with an ordered structure but without the repeating pattern found in regular crystals.

Research team members named their discovery "intercrystals" because they are a mix between crystals and quasicrystals: they have non-repeating patterns like quasicrystals but share symmetries in common with regular crystals.

"The discovery of quasicrystals in the 1980s challenged the old rules about atomic order," Andrei said. "With intercrystals, we go a step further, showing that materials can be engineered to access new phases of matter by exploiting geometric frustration at the smallest scale."

Rutgers researchers are optimistic about the future applications of intercrystals, opening new possibilities for exploring and manipulating the properties of materials at the atomic level.

"This is just the beginning," Pixley said. "We are excited to see where this discovery will lead us and how it will impact technology and science in the years to come."

Other Rutgers researchers who contributed to the study included research associates Xinyuan Lai, Guohong Li and Angela Coe of the Department of Physics and Astronomy.

Scientists from the National Institute for Materials Science in Japan also contributed to the study.
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A one-pixel camera for recording holographic movies | ScienceDaily
A new camera setup can record three-dimensional movies with a single pixel. Moreover, the technique can obtain images outside the visible spectrum and even through tissues. The Kobe University development thus opens the door to holographic video microscopy.


						
Holograms are not only used as fun-to-look-at safety stickers on credit cards, electronic products or banknotes; they have scientific applications in sensors and in microscopy as well. Traditionally, holograms require a laser for recording, but more recently, techniques that can record holograms with ambient light or light emanating from a sample have been developed. There are two main techniques that can achieve this: one is called "FINCH" and uses a 2D image sensor that is fast enough to record movies, but is limited to visible light and an unobstructed view, while the other is called "OSH," which uses a one-pixel sensor and can record through scattering media and with light outside the visual spectrum, but can only practically record images of motionless objects.

Kobe University applied optics researcher YONEDA Naru wanted to create a holographic recording technique that combines the best of both worlds. To tackle the speed-limiting weak point of OSH, he and his team constructed a setup that uses a high-speed "digital micromirror device" to project onto the object the patterns that are required for recording the hologram. "This device operates at 22 kHz, whereas previously used devices have a refresh rate of 60 Hz. This is a speed difference that's equivalent to the difference between an old person taking a relaxed stroll and a Japanese bullet train," Yoneda explains.

In the journal Optics Express, the Kobe University team now publish the results of their proof-of-concept experiments. They show that their setup can not only record 3D images of moving objects, but they could also construct a microscope that can record a holographic movie through a light-scattering object -- a mouse skull to be precise.

Admittedly, the frame rate of just over one frame per second was still fairly low. But Yoneda and his team showed in calculations that they could in theory get that frame rate up to 30 Hz, which is a standard screen frame rate. This would be achieved through a compression technique called "sparse sampling," which works by not recording every portion of the picture all the time.

So, where will we be able to see such a hologram? Yoneda says: "We expect this to be applied to minimally invasive, three-dimensional biological observation, because it can visualize objects moving behind a scattering medium. But there are still obstacles to overcome. We need to increase the number of sampling points, and also the image quality. For that, we are now trying to optimize the patterns we project onto the samples and to use deep-learning algorithms for transforming the raw data into an image."

This research was funded by the Kawanishi Memorial ShinMaywa Education Foundation, the Japan Society for the Promotion of Science (grants 20H05886, 23K13680), the Agencia Estatal de Investigacion (grant PID2022-142907OB-I00) and the European Regional Development Fund, and the Generalitat Valenciana (grant CIPROM/2023/44). It was conducted in collaboration with researchers from Universitat Jaume I.
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Enormous boulder washed inland a sign of Pacific tsunami history | ScienceDaily
Analysis has shown a boulder weighing almost 1,200 tonnes in Tonga is one of the largest known wave-transported rocks in the world, providing new insights into the Pacific region's history and risk of tsunamis.


						
PhD candidate Martin Kohler from The University of Queensland's School of the Environment says the Maka Lahi boulder measuring 14 x 12 x 6.7 metres was moved more than 200 metres inland by a tsunami around 7,000 years ago.

"We had been surveying the southern side of the island of Tongatapu looking along the coastal cliffs at evidence of past tsunamis," Mr Kohler said.

"It was late in the day, and we were talking to some farmers when they directed us to this boulder.

"I was so surprised; it is located far inland and outside of our field work area and must have been carried by a very big tsunami.

"It was quite unbelievable to see this big piece of rock sitting there covered in and surrounded by vegetation.

"We made a 3D model and then went back to the coast and found the spot the boulder could have come from, on a cliff over 30 metres above the sea level."

The Maka Lahi boulder is the world's largest known cliff-top boulder.




Numerical modelling has established that wave heights of around 50 metres lasting around 90 seconds were needed to dislodge it from its cliff-edge origin and move it to its resting place.

Co-author Dr Annie Lau, a coastal geomorphologist, said Tonga had a long history of tsunamis triggered by volcanic eruptions along the underwater Tofua Ridge and the Tonga Trench.

"Tonga's most recent tsunami in 2022 killed 6 people and caused a lot of damage," Dr Lau said.

"Understanding past extreme events is critical for hazard preparation and risk assessment now and in the future.

"The findings we have reported on the Maka Lahi boulder are the evidence of a tsunami in the Pacific region in the Holocene epoch which began around 11,700 years ago.

"The analysis strengthens our understanding of wave transportation of rocks to improve coastal-hazard assessments in tsunami-prone regions around the world."
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Unveiling the secrets of planet formation in environments of high UV radiation | ScienceDaily
The fundamental building blocks for planet formation can exist even in environments with extreme ultraviolet radiation, according to a new study by an international collaboration led by Penn State astronomers. The study leveraged the unparalleled capabilities of NASA's James Webb Space Telescope (JWST) and sophisticated thermochemical modeling to investigate a protoplanetary disk -- the dust and gas surrounding a new star that can eventually give rise to planets and other celestial bodies -- in one of the most extreme environments in the galaxy.


						
A paper describing the study appeared May 20 in The Astrophysical Journal.

"Astronomers have long sought to understand how planets form within the swirling disks of gas and dust that encircle young stars," said Bayron Portilla-Revelo, a postdoctoral researcher in astronomy and astrophysics in the Eberly College of Science at Penn State and lead author of the study. "These structures -- referred to as protoplanetary disks -- are the birthplaces of extrasolar systems, like our own solar system, which formed 4.5 billion years ago. Protoplanetary disks often form in proximity to massive stars that emit substantial amounts of ultraviolet (UV) radiation, potentially disrupting the disks and affecting their capability to form planets. While significant progress has been made by studying protoplanetary disks in nearby star-forming regions, these regions lack the intense UV radiation present in more massive and common stellar nurseries."

UV radiation refers to non-visible light with more energy than visible light. On Earth, this can damage cells, ranging from a mild sunburn to skin cancer. In space, without a planet's atmospheric filters, UV radiation is far more intense. The focus of the study was a young, solar-mass star known as XUE 1, located approximately 5,500 light-years away from our sun, within a region called the Lobster Nebula, also known as NGC 6357. This region is renowned for harboring over 20 massive stars, two of which are among the most massive known in our galaxy and are extreme UV emitters. In the same region, the team observed a dozen lower-mass young stars with protoplanetary disks subjected to intense ultraviolet radiation.

Combining JWST observations with sophisticated astrochemical models, the researchers identified the composition of tiny dust grains in the protoplanetary disk around XUE 1 that will eventually grow to form rocky planets. They found that the disk contains sufficient solid material to potentially form at least 10 planets, each with a mass comparable to that of Mercury. The authors also determined the spatial distribution in the disk of a variety of previously detected molecules, including water vapor, carbon monoxide, carbon dioxide, hydrogen cyanide and acetylene.

"These molecules are expected to contribute to the formation of the atmospheres of emerging planets," said Konstantin Getman, research professor in the Department of Astronomy and Astrophysics at Penn State and co-author of the study. "The detection of such reservoirs of dust and gas suggests that the fundamental building blocks for planet formation can exist even in environments with extreme ultraviolet radiation."

Moreover, based on the absence of certain molecules that serve as tracers of UV irradiation in the light detected by JWST, the team inferred that the protoplanetary disk is compact and devoid of gas in its outskirts. It extends only about 10 astronomical units -- a measure based on the average distance between the Earth and sun -- from the host star, roughly the distance from the sun to Saturn. This compactness is likely a result of the external UV radiation eroding the outer regions of the disk, according to the research team.




"These findings support the idea that planets form around stars even when the natal disk is exposed to strong external radiation," said Eric Feigelson, distinguished senior scholar and professor of astronomy and astrophysics and of statistics at Penn State. "This helps explain why astronomers are finding that planetary systems are very common around other stars."

The study of XUE 1 represents a pivotal step in understanding the impact of external radiation on protoplanetary disks, the researchers said. It lays the groundwork for future observational campaigns with both space- and ground-based telescopes aimed at building a more comprehensive picture of planet formation across different cosmic environments. This research underscores the transformative capabilities of NASA's James Webb satellite observatory in probing the intricacies of planet formation and highlights the resilience of protoplanetary disks in the face of formidable environmental challenges, according to Portilla-Revelo.

In addition to Portilla-Revelo, Getman and Feigelson, the research team includes Maria Claudia Ramirez-Tannus and Thomas Henning at the Max-Planck Institut fur Astronomie in Heidelberg, Germany; Thomas J. Haworth at Queen Mary University of London; Rens Waters at Radboud University and SRON Netherlands Institute for Space Research in the Netherlands; Arjan Bik and Jenny Frediani at Stockholm University in Sweden; Inga Kamp at University of Groningen in the Netherlands; Sierk E. van Terwisga at the Austrian Academy of Sciences; Andrew J. Winter at the Universite Cote d'Azur in Nice, France, and the Max-Planck Institut fur Astronomie in Heidelberg, Germany; Veronica Roccatagliata at the Universitadi Bologna and INAF-Osservatorio Astrofisico di Arcetri in Italy; Thomas Preibisch at Ludwig-Maximilians-Universitat in Germany; Elena Sabbi at the Gemini Observatory in Tucson, Arizona; Peter Zeidler at the Space Telescope Science Institute in Baltimore, Maryland; and Michael A. Kuhn at the University of Hertfordshire in the United Kingdom.

NASA funded the research, with additional support from the Center for Exoplanets and Habitable Worlds at Penn State, the Deutsche Forschungsgemeinschaft, the international Gemini Observatory -- a program of NSF NOIRLab, which is managed by the Association of Universities for Research in Astronomy under a cooperative agreement with the U.S. National Science Foundation, the Royal Society Dorothy Hodgkin Fellowship and UKRI guaranteed funding for a Horizon Europe ERC consolidator grant, the Swedish National Space Agency, the German Aerospace Center, the German Federal Ministry for Economic Affairs and Energy, the European Union's Horizon 2020 research and innovation program, and the European Research Council via the ERC Synergy Grant "ECOGAL."
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Fool's gold: A hidden climate stabilizer | ScienceDaily
On our planet, the cycle and balance of carbon from reservoir to reservoir is a matter of life or death. Carbon moves from the atmosphere to the ocean, to carbon-based life forms, to rocks or sediments, and it can be tied up in any of these reservoirs throughout the process.


						
Imbalances within the cycle can have dramatic global impacts. For example, too much carbon in the atmosphere leads to the greenhouse effect and global warming, and too much carbon in the ocean leads to ocean acidification, which compromises conditions for marine life. How does the Earth recover from catastrophic conditions like massive volcanic eruptions?

Researchers look to extremes in the past to study how the system reacts to imbalances. In their paper published in Nature Geoscience, researchers from the University of Connecticut, University of Victoria, Yale University, University of British Columbia, and Georgia Institute of Technology detail an overlooked mechanism for how the ocean can help stabilize massive releases of carbon into the atmosphere following volcanic eruptions.

UConn Department of Earth Sciences assistant professor and the paper's lead author Mojtaba Fakhraee says a simplified way of imagining the global carbon cycle starts with an eruption of volcanic gases that release carbon into the atmosphere. Those forms of carbon like CO2 may remain in the atmosphere, whereas some can react with other elements to produce chemical species like dissolved inorganic carbon, that would be carried via rivers to the ocean.

"When the oceanic carbon balances out with the amount of CO2 in the atmosphere, they reach an equilibrium condition where the amount of CO2 in the atmosphere would be proportional to the amount of dissolved carbon species in the ocean," says Fakhraee.

However, in times of extreme imbalance, like during climate catastrophes or when huge quantities of CO2 are released into the atmosphere, researchers found that a different type of feedback kicks in.

"The feedback happens when the ocean loses oxygen, it becomes more basic, and another type of reaction becomes more dominant under low oxygen or anoxic conditions. That reaction is anaerobic respiration, which produces sulfur species," says Fakhraee.




The sulfur species formed by the reaction is iron sulfide or pyrite, which is also known as "fool's gold." The process has an overall buffering effect that preserves the alkalinity of the water and thus prevents it from becoming more acidic.

Researchers made this discovery using a coupled global carbon-sulfur cycle model that simulates geochemical processes over the past several hundred million years, including several ocean anoxic events (OAEs) and massive volcanic eruptions that released large amounts of carbon into the atmosphere. They found the production and burial of pyrite during OAEs had a substantial stabilizing effect during times of increased volcanic activity, thus buffering the oceans and playing a significant stabilizing role for millions of years.

"What it means is, the more you get of this buffering species, the more resistant the ocean becomes to change in pH and ocean acidification. This reaction is important in terms of how the ocean becomes resistant to acidification and changing pH," says Fakhraee.

These reactions happen over a very long time, when the oceans of the past periodically experienced huge influxes of volcanic gases, resulting in deoxygenation and anoxic conditions, says Fakhraee, and that is when the models showed the increase in the iron sulfide reaction, increased alkalinity, and climate stabilization.

"We found it to be quite convincing to see why some of these past oceanic anoxic events were able to recover the way they did," says Fakhraee. "Anoxic conditions were always thought of as a big problem for the oceans, but on a longer time scale this big problem can actually be a good way for the ocean and the whole earth to survive. Not everything about anoxia and oxygen loss is bad for the Earth system."

There are also important implications to the carbon cycle of today, says Fakhraee, when we are seeing deoxygenation in the ocean as atmospheric levels of CO2 increase, but there is a caveat -- time.




"We expect this process of iron sulfide formation to be important as we increase the rate of ocean deoxygenation, which would help regulate and stabilize the CO2 in the atmosphere. But do not make a mistake and think that this will help us with current climate change, because this feedback happens on a longer time scale. Humans would be drastically affected by climate change, but the Earth system has this intriguing feedback that would help the system to recover," says Fakhraee.

Although pyrite formation occurs today in some anoxic marine environments, its global impact on ocean alkalinity and carbon sequestration is minimal under current conditions. A significant uptick in this buffering mechanism would require extensive, sustained deoxygenation of the global ocean -- conditions that would be catastrophic for most marine life and profoundly disruptive to the Earth's biosphere.

"Humans and other life experiencing climate change would be severely impacted over a very short time scale. It's all about the time scale and then how much oxygen loss happens," says Fakhraee.

Another important takeaway from this research that Fakhraee reflects on is the remarkable resilience of the global carbon cycle.

"All these interconnected processes show where one small change in one part of this whole system would make a large change in another part of the system. It's intriguing to see how Earth can recover from very severe past experiences that wiped out life on the planet," says Fahkraee. "Part of the reason that Earth has experienced so many ups and downs in terms of life, and part of the reason there is hope is because there was feedback that helped Earth to recover and allowed for some other life to exist and to evolve. Earth has its own way to survive, but we need to find a way to survive, and we are in danger if we don't pay enough attention to what's happening in terms of climate change."
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'Cosmic joust': Astronomers observe pair of galaxies in deep-space battle | ScienceDaily
Astronomers have witnessed for the first time a violent cosmic collision in which one galaxy pierces another with intense radiation. Their results, published today in Nature, show that this radiation dampens the wounded galaxy's ability to form new stars. This new study combined observations from both the European Southern Observatory's Very Large Telescope (ESO's VLT) and the Atacama Large Millimeter/submillimeter Array (ALMA), revealing all the gory details of this galactic battle.


						
In the distant depths of the Universe, two galaxies are locked in a thrilling war. Over and over, they charge towards each other at speeds of 500 km/s on a violent collision course, only to land a glancing blow before retreating and winding up for another round. "We hence call this system the 'cosmic joust'," says study co-lead Pasquier Noterdaeme, a researcher at the Institut d'Astrophysique de Paris, France, and the French-Chilean Laboratory for Astronomy in Chile, drawing a comparison to the medieval sport. But these galactic knights aren't exactly chivalrous, and one has a very unfair advantage: it uses a quasar to pierce its opponent with a spear of radiation.

Quasars are the bright cores of some distant galaxies that are powered by supermassive black holes, releasing huge amounts of radiation. Both quasars and galaxy mergers used to be far more common, appearing more frequently in the Universe's first few billion years, so to observe them astronomers peer into the distant past with powerful telescopes. The light from this 'cosmic joust' has taken over 11 billion years to reach us, so we see it as it was when the Universe was only 18% of its current age.

"Here we see for the first time the effect of a quasar's radiation directly on the internal structure of the gas in an otherwise regular galaxy," explains study co-lead Sergei Balashev, who is a researcher at the Ioffe Institute in St Petersburg, Russia. The new observations indicate that radiation released by the quasar disrupts the clouds of gas and dust in the regular galaxy, leaving only the smallest, densest regions behind. These regions are likely too small to be capable of star formation, leaving the wounded galaxy with fewer stellar nurseries in a dramatic transformation.

But this galactic victim isn't all that is being transformed. Balashev explains: "These mergers are thought to bring huge amounts of gas to supermassive black holes residing in galaxy centres." In the cosmic joust, new reserves of fuel are brought within reach of the black hole powering the quasar. As the black hole feeds, the quasar can continue its damaging attack.

This study was conducted using ALMA and the X-shooter instrument on ESO's VLT, both located in Chile's Atacama Desert. ALMA's high resolution helped the astronomers clearly distinguish the two merging galaxies, which are so close together they looked like a single object in previous observations. With X-shooter, researchers analysed the quasar's light as it passed through the regular galaxy. This allowed the team to study how this galaxy suffered from the quasar's radiation in this cosmic fight.

Observations with larger, more powerful telescopes could reveal more about collisions like this. As Noterdaeme says, a telescope like ESO's Extremely Large Telescope "will certainly allow us to push forward a deeper study of this, and other systems, to better understand the evolution of quasars and their effect on host and nearby galaxies."
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A new technology for extending the shelf life of produce | ScienceDaily
We've all felt the sting of guilt when fruit and vegetables go bad before we could eat them. Now, researchers from MIT and the Singapore-MIT Alliance for Research and Technology (SMART) have shown they can extend the shelf life of harvested plants by injecting them with melatonin using biodegradable microneedles.


						
That's a big deal because the problem of food waste goes way beyond our salads. More than 30 percent of the world's food is lost after it's harvested -- enough to feed more than 1 billion people. Refrigeration is the most common way to preserve foods, but it requires energy and infrastructure that many regions of the world can't afford or lack access to.

The researchers believe their system could offer an alternative or complement to refrigeration. Central to their approach are patches of silk microneedles. The microneedles can get through the tough, waxy skin of plants without causing a stress response, and deliver precise amounts of melatonin into plants' inner tissues.

"This is the first time that we've been able to apply these microneedles to extend the shelf life of a fresh-cut crop," says Benedetto Marelli, the study's senior author, associate professor of civil and environmental engineering at MIT, and the director of the Wild Cards mission of the MIT Climate Project. "We thought we could use this technology to deliver something that could regulate or control the plant's post-harvest physiology. Eventually, we looked at hormones, and melatonin is already used by plants to regulate such functions. The food we waste could feed about 1.6 billion people. Even in the U.S., this approach could one day expand access to healthy foods."

For the study, which will appear in Nano Letters, Marelli and researchers from SMART applied small patches of the microneedles containing melatonin to the base of the leafy vegetable pak choy. After application, the researchers found the melatonin was able to extend the vegetables' shelf life by four days at room temperature and 10 days when refrigerated, which could allow more crops to reach consumers before they're wasted.

"Post-harvest waste is a huge issue. This problem is extremely important in emerging markets around Africa and Southeast Asia, where many crops are produced but can't be maintained in the journey from farms to markets," says Sarojam Rajani, co-senior author of the study and a senior principal investigator at the Temasek Life Sciences Laboratory in Singapore.

Plant destressors

For years, Marelli's lab has been exploring the use of silk microneedles for things like delivering nutrients to crops and monitoring plant health. Microneedles made from silk fibroin protein are nontoxic and biodegradable, and Marelli's previous work has described ways of manufacturing them at scale.




To test microneedle's ability to extend the shelf life of food, the researchers wanted to study their ability to deliver a hormone known to affect the senescence process. Aside from helping humans sleep, melatonin is also a natural hormone in many plants that helps them regulate growth and aging.

"The dose of melatonin we're delivering is so low that it's fully metabolized by the crops, so it would not significantly increase the amount of melatonin normally present in the food; we would not ingest more melatonin than usual," Marelli says. "We chose pak choy because it's a very important crop in Asia, and also because pak choy is very perishable."

Pak choy is typically harvested by cutting the leafy plant from the root system, exposing the shoot base that provides easy access to vascular bundles which distribute water and nutrients to the rest of the plant. To begin their study, the researchers first used their microneedles to inject a fluorescent dye into the base to confirm that vasculature could spread the dye throughout the plant.

The researchers then compared the shelf life of regular pak choy plants and plants that had been sprayed with or dipped into melatonin, finding no difference.

With their baseline shelf life established, the researchers applied small patches of the melatonin-filled microneedles to the bottom of pak choy plants by hand. They then stored the treated plants, along with controls, in plastic boxes both at room temperature and under refrigeration.

The team evaluated the plants by monitoring their weight, visual appearance, and concentration of chlorophyll, a green pigment that decreases as plants age.




At room temperature, the leaves of the untreated control group began yellowing within two or three days. By the fourth day, the yellowing accelerated to the point that the plants likely could not be sold. Plants treated with the melatonin-loaded silk microneedles, in contrast, remained green on day five, and the yellowing process was significantly delayed. The weight loss and chlorophyll reduction of treated plants also slowed significantly at room temperature. Overall, the researchers estimated the microneedle-treated plants retained their saleable value until the eighth day.

"We clearly saw we could enhance the shelf life of pak choy without the cold chain," Marelli says.

In refrigerated conditions of about 40 degrees Fahrenheit, plant yellowing was delayed by about five days on average, with treated plants remaining relatively green until day 25.

"Spectrophotometric analysis of the plants indicated the treated plants had higher antioxidant activity, while gene analysis showed the melatonin set off a protective chain reaction inside the plants, preserving chlorophyll and adjusting hormones to slow senescence," says Monika Jangir, co-first author and former postdoc at the Temasek Life Sciences Laboratory.

"We studied melatonin's effects and saw it improves the stress response of the plant after it's been cut, so it's basically decreasing the stress that plant's experience, and that extends its shelf life," says Yangyang Han, co-first author and research scientist at the Disruptive and Sustainable Technologies for Agricultural Precision (DiSTAP) interdisciplinary research group at SMART.

Toward postharvest preservation

While the microneedles could make it possible to minimize waste when compared to other application methods like spraying or dipping crops, the researchers say more work is needed to deploy microneedles at scale. For instance, although the researchers applied the microneedle patches by hand in this experiment, the patches could be applied using tractors, autonomous drones, and other farming equipment in the future.

"For this to be widely adopted, we'd need to reach a performance versus cost threshold to justify its use," Marelli explains. "This method would need to become cheap enough to be used by farmers regularly."

Moving forward, the research team plans to study the effects of a variety of hormones on different crops using its microneedle delivery technology. The team believes the technique should work with all kinds of produce.

"We're going to continue to analyze how we can increase the impact this can have on the value and quality of crops," Marelli says. "For example, could this let us modulate the nutritional values of the crop, how it's shaped, its texture, etc.? We're also going to continue looking into scaling up the technology so this can be used in the field."

The work was supported by the Singapore-MIT Alliance for Research and Technology (SMART) and the National Research Foundation of Singapore.
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Clinical trial shows improvements for spinal cord injuries | ScienceDaily
In a new clinical study, researchers from the Texas Biomedical Device Center (TxBDC) at The University of Texas at Dallas demonstrated unprecedented rates of recovery for spinal cord injuries.


						
In this study, published in the journal Nature on May 21, individuals with incomplete spinal cord injury safely received a combination of stimulation of a nerve in the neck with progressive, individualized rehabilitation. This approach, called closed-loop vagus nerve stimulation (CLV), produced meaningful improvements in arm and hand function in these individuals.

The unprecedented results position the UT Dallas scientists to proceed with a pivotal trial -- the final hurdle on the road to potential Food and Drug Administration (FDA) approval of vagus nerve stimulation for treatment of upper-limb impairment due to spinal cord injury.

This approach is based on over a decade of neuroscience and bioengineering efforts by investigators at UT Dallas. The therapy uses electrical pulses sent to the brain via a tiny device implanted in the neck and timed to occur during rehabilitative exercises. Previous work by UT Dallas researchers has demonstrated that stimulating the vagus nerve during physical therapy can rewire areas of the brain damaged by stroke and lead to improved recovery.

Dr. Michael Kilgard, the Margaret Fonde Jonsson Professor of neuroscience in the School of Behavioral and Brain Sciences and corresponding author, explained that treating spinal cord injury with CLV is different than conditions targeted in earlier studies.

"In stroke, people who do only therapy may get better, and adding CLV multiplies that improvement," he said. "This study is different: Therapy alone for spinal cord injury didn't help our participants at all."

The trial involved 19 participants with chronic, incomplete cervical spinal cord injury. Each person performed 12 weeks of therapy, playing simple video games to trigger specific upper-limb movements. The implant was activated upon successful movements, resulting in significant benefits for arm and hand strength.




"These activities allow patients to regain strength, speed, range of motion and hand function. They simplify daily living," said Dr. Robert Rennaker, professor of neuroscience and the Texas Instruments Distinguished Chair in Bioengineering, who designed the miniature implanted CLV device.

The study served as both a Phase 1 and Phase 2 clinical trial and included randomized placebo control in its first phase, in which nine of the 19 participants received sham stimulation rather than active treatment during the first 18 therapy sessions, then received CLV in the latter 18 sessions.

The participants ranged in age from 21 to 65 and were from one to 45 years post-injury. Neither of those factors, nor the severity of the impairment in those with any hand movement, influenced the degree of response to treatment.

"This approach produces results regardless of these factors, which often cause significant differences in success rates of other types of treatment," said study co-author Dr. Jane Wigginton, medical doctor and chief medical officer at TxBDC, co-director of UTD's Clinical and Translational Research Center, and medical science research director at the Center for BrainHealth.

"It is remarkable from a medical standpoint," said Wigginton, who planned the clinical interactions and patient protections for the trial.

TxBDC has worked to treat a wide variety of conditions using CLV across 13 years of research. As a result, the FDA has approved vagus nerve stimulation for treating impaired upper-limb movement in stroke patients.




Wigginton said the latest results are especially exciting because they help people for whom there is no existing solution.

"The people in this study have now gained the ability to do things that are meaningful for them and impactful in their lives."

The newest generation of the implantable CLV device, designed by Rennaker, is approximately 50 times smaller than their version from three years ago. It does not prevent patients from receiving MRIs, CT scans or ultrasounds.

A Phase 3 pivotal trial will include 70 participants at multiple U.S. institutions that specialize in spinal cord injury.

Co-author Dr. Seth Hays, associate professor of bioengineering and Fellow, Eugene McDermott Distinguished Professor in the Erik Jonsson School of Engineering and Computer Science, has been with the CLV project dating back to the earliest studies.

"Prior to this study, no person with spinal cord injury had ever received CLV," he said. "This is the first evidence that gains can be made. Now we will set about determining how we make this optimally effective."

Hays cautioned that it is not a foregone conclusion that the therapy will make it to patients after the next trial.

"We still have a long road ahead. For many reasons -- financial, regulatory or scientific -- this could still die on the vine," he said. "But we have positioned ourselves to succeed."

The research team emphasized the importance of the dozens of people involved in the work -- both the patients and TxBDC's partners at Baylor University Medical Center, Baylor Scott & White Research Institute and Baylor Scott & White Institute for Rehabilitation.

"This has been the hardest working, most altruistic group of professionals, and that has been incredibly impactful," Wigginton said.

Noting that even outpatient surgery is complex for those with impaired mobility, Rennaker added, "These patients said, 'Put that device in me' -- that's a huge commitment. They deserve credit for paving the path for others."

Other UTD-affiliated co-authors included Joseph Epperson BS'20, PhD'24, TxBDC research associate; cognition and neuroscience doctoral student Emmanuel Adehunoluwa MS'23; Amy Porter MBA'20, TxBDC director of operations; Holle Carey Gallaway MBA'23, TxBDC research biomedical engineer; and David Pruitt MS'14, PhD'16.

Kilgard has a financial interest in MicroTransponder Inc., which markets vagus nerve stimulation therapy for stroke. Rennaker is the founder and CEO of XNerve, which developed the device used in this study.

The research was funded by a grant (N66001-17-2-4011) from the Defense Advanced Research Projects Agency (DARPA), an agency of the Department of Defense, as well as the Wings for Life Accelerated Translational Program.
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Gas location drives star formation in distant galaxies | ScienceDaily
Researchers at the International Centre for Radio Astronomy Research (ICRAR) made the discovery about galaxies by studying the gas distribution that helps create stars.


						
Using CSIRO's ASKAP radio telescope located at Inyarrimanha Ilgari Bundara, the CSIRO Murchison Radio-astronomy Observatory, researchers explored the gas distribution in about 1,000 galaxies as part of the WALLABY survey.

Lead author Seona Lee, a PhD student at The University of Western Australia node of ICRAR, said the findings give new insights into how stars are born from gas.

While earlier surveys could only map the gas distribution in a few hundred galaxies, the WALLABY survey has successfully mapped the atomic hydrogen gas in a significantly larger sample of galaxies.

The survey revealed that having more gas in a galaxy does not automatically mean it will create more stars. Instead, galaxies that are forming stars usually have a higher concentration of gas in the areas where the stars reside.

"It was very exciting to see a correlation between star formation and where the atomic hydrogen gas is located," Ms Lee said.

Higher-resolution observations from telescopes like ASKAP, owned and operated by CSIRO, Australia's national science agency, allowed Ms Lee to measure the location and density of the atomic gas for an unprecedented number of galaxies.




Senior Principal Research Fellow at ICRAR Professor Barbara Catinella, who co-leads the WALLABY survey, said atomic hydrogen gas is the essential ingredient for making stars, in the same way that flour is to a cake.

"While different cakes require different amounts of flour, to bake a cake properly, you focus on the flour that's in the bowl, not the unused flour left in the package," Professor Catinella said.

"Similarly, understanding how stars are formed requires us to measure the atomic gas where stars are actually forming, rather than considering the total gas content, which includes the unused gas in the outer regions."

The research showed that being able to conduct more detailed radio obeservations is key to helping scientists understand how galaxies grow and change over time. The team looked at radio waves and visible light from nearby galaxies to determine the amount of gas in the parts of the galaxy where stars are being born.

"To learn about how stars are formed, we had to measure the atomic hydrogen gas in areas where stars are actively coming to life," Ms Lee said.

"This is important for figuring out just how much gas is really supporting the creation of new stars."
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Missing link in early Martian water cycle discovered | ScienceDaily
Billions of years ago, water flowed on the surface of Mars. But scientists have an incomplete picture of how the Red Planet's water cycle worked.


						
That could soon change after two graduate students at The University of Texas at Austin filled a large gap in knowledge about Mars' water cycle -- specifically, the part between surface water and groundwater.

Students Mohammad Afzal Shadab and Eric Hiatt developed a computer model that calculates how long it took for water on early Mars to percolate from the surface down to the aquifer, which is thought to have been about a mile underground. They found that it took anywhere from 50 to 200 years. On Earth, where the water table in most places is much closer to the surface, the same process typically takes just a few days.

The results were published in the journal Geophysical Research Letters.

The researchers also determined that the amount of water trickling between surface and aquifer could have been enough to cover Mars with at least 300 feet of water. This was potentially a significant portion of the planet's total available water.

The research helps complete scientists' understanding of the water cycle on early Mars, said Shadab, who earned his doctoral degree from UT Austin and is now a postdoctoral researcher at Princeton University. This new understanding will be useful in determining how much water was available to evaporate and fill lakes and oceans with rain, and ultimately, where the water ended up.

"We want to implement this into [an integrated model] of how the water and land evolved together over millions of years to the present state," said Shadab, who was the study's lead author. "That will bring us very close to answering what happened to the water on Mars."

Today, Mars is largely dry, at least at the surface. But 3 to 4 billion years ago -- at around the time that life was getting started on Earth -- oceans, lakes and rivers carved valleys through Mars' mountains and craters and imprinted shorelines in the rocky surface.




Ultimately, Mars' water took a different path than Earth's. Most of it is now either locked in the crust or was lost to space along with Mars' atmosphere. Understanding how much water was available near the surface could help scientists determine whether it was in the right places long enough to create the chemical ingredients needed for life.

The new findings add to an alternative picture of early Mars in which there was little water going back into the atmosphere through evaporation and raining down to refill oceans, lakes and rivers -- as it would have on Earth -- said coauthor Hiatt, who recently graduated with a doctoral degree from UT Jackson School of Geosciences.

"The way I think about early Mars is that any surface water you had -- any oceans or large standing lakes -- were very ephemeral," he said. "Once water got into the ground on Mars, it was as good as gone. That water was never coming back out."

The researchers said that the findings are not all bad news for potential life on Mars. If nothing else, the water seeping into the crust wasn't being lost to space, Hiatt said. That knowledge could one day be important for future explorers looking for buried water resources to sustain a settlement on the Red Planet.

Shadab and Hiatt's research was supported by a Blue Sky grant from the University of Texas Institute for Geophysics, a research unit of the Jackson School, and grants from UT Austin's Center for Planetary Systems Habitability and NASA.

The work was conducted while Shadab was earning a doctoral degree from the Oden Institute for Computational Engineering and Sciences at UT Austin. Other coauthors include Rickbir Bahia and Eleni Bohacek from the European Space Agency (now at UK Space Agency), Vilmos Steinmann from the Eotvos Lorand University in Hungary, and Professor Marc Hesse from the Jackson School's Department of Earth and Planetary Sciences at UT Austin.
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Clouding the forecast: Study reveals why so many climate models are wrong about the rate of Arctic warming | ScienceDaily
The Arctic is one of the coldest places on Earth, but in recent decades, the region has been rapidly warming, at a rate three to four times faster than the global average. However, current climate models have been unable to account for this increased pace.


						
Now, two researchers from Kyushu University, graduate student Momoka Nakanishi, from the Interdisciplinary Graduate School of Engineering Sciences, along with her adviser, Associate Professor Takuro Michibata, from the Research Institute for Applied Mechanics, have reported in a study, published April 29 in Ocean-Land-Atmosphere Research, that clouds may be to blame.

The most common clouds found in the Arctic are mixed-phase clouds, which contain both ice crystals and supercooled liquid water droplets. In the Arctic summer, when the sun shines around the clock, these clouds act like a parasol, reflecting sunlight back into space and providing a cooling effect. But in the long, dark Arctic winter, when there's no sunlight to reflect, these clouds act more like a blanket, trapping heat that's radiated from the Earth's surface and sending it back down to the Arctic's surface.

"However, how well these mixed-phase clouds trap heat depends on their ratio of ice to liquid," explains Nakanishi. "The more liquid water the clouds contain, the better they are at trapping heat. But many climate models have a large bias in representing this ratio, causing incorrect predictions."

In this study, Nakanishi and Michibata analyzed 30 climate models and compared them to satellite observations of clouds in the Arctic during winter over the last decade. They found that 21 of the 30 models significantly overestimated the fraction of ice to liquid in wintertime Arctic clouds.

"These ice-dominant models are not properly accounting for the present-day warming potential of the clouds during the winter," says Nakanishi. "That's why they cannot account for the rapid warming we are currently seeing."

However, every cloud has a silver lining. While climate models are underestimating the rate of global warming in the present day, they are overestimating the rate of global warming in the future.




The errors in future projections are due to a process called "cloud emissivity feedback." In a nutshell, as the Arctic warms, clouds shift from containing mostly ice to more liquid, which increases their ability to trap heat, further warming the Arctic and creating a positive feedback loop.

But importantly, this feedback loop has a time limit. Once clouds become so rich in liquid that they behave like blackbodies -- fully absorbing and re-emitting heat -- further warming has less effect.

However, because many climate models underestimate how much liquid is already present in today's clouds, they assume a larger shift still lies ahead. As a result, they overestimate how much extra heat-trapping will occur in the future, and predict the feedback effect will last longer than reality suggests.

Moving forward, the study's findings could be used to refine climate models so that they provide a more accurate representation of the ice-to-liquid ratio within clouds and better predictions of current and future rates of Arctic warming.

Since the Arctic's climate also plays a key role in shaping weather patterns further south, these findings could also lead to more accurate forecasts of extreme weather in mid-latitude regions.

"The biggest uncertainty in our forecasts is due to clouds," concludes Michibata. "Fixing these models is essential not just for the Arctic, but for understanding its impact on weather and climate change across the globe."
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Asian elephants have larger brains than their African relatives | ScienceDaily
African elephants are the largest land animals on earth and significantly larger than their relatives in Asia, from which they are separated by millions of years of evolution. Nevertheless, Asian elephants have a 20 percent heavier brain, as scientists from Humboldt-Universitat zu Berlin and the Leibniz Institute for Zoo and Wildlife Research (Leibniz-IZW) were able to demonstrate together with international colleagues. They also showed that elephant brains triple in weight after birth. These results, published in the scientific journal "PNAS Nexus," provide potential explanations for behavioural differences between African and Asian elephants as well as for the pachyderms' long youth, during which they gain enormous experience and learn social skills.


						
Elephants are among the best-known and most iconic animal families and are considered to be exceptionally social and intelligent -- yet surprisingly little is known about their brains. An international research team led by Malav Shah and Michael Brecht from the Bernstein Center for Computational Neuroscience at Humboldt-Universitat zu Berlin (BCCN) and Thomas Hildebrandt from the Leibniz-IZW has now analysed the weight and structure of the brains of Asian elephants (Elephas maximus) and African elephants (Loxodonta africana) based on dissections of wild and zoo animals as well as on literature data and MRI scans.

They showed that externally visible differences -- Asian elephants are smaller, have relatively smaller ears, only one "trunk finger" and most of the females have no tusks -- and some of the associated behavioural differences extend to the inside of their huge skulls: Adult female Asian elephants have significantly heavier brains, weighing a good 5,300 grams on average, than their African counterparts, which average just over 4,400 grams. This finding could not be conclusively confirmed for male elephants (which have significantly heavier brains in both species) owing to the limited data available on Asian elephants. However, the cerebellum is proportionally heavier in African elephants (a good 22 per cent of the total brain weight) than in Asian elephants (a good 19 per cent).

Elephant brains grow almost as much as human brains after birth

The scientists were also able to show that elephants exhibit very large postnatal brain growth. The brains of adult elephants are about three times as heavy as they were at birth. This means that elephants have a significantly higher lifetime brain growth than all primates -- with the exception of humans, in which the brain at birth weighs only around a fifth of its final weight.

The fact that these findings on the size of elephant brains are new is explained by the challenging acquisition of the objects of investigation: Extracting elephant brains from the skulls of deceased animals is a complex and very rarely performed veterinary procedure. For the present study, 19 brains were analyzed that were extracted at the Leibniz-IZW from deceased zoo animals or animals euthanized for animal welfare reasons (14) or obtained from dissections of wild elephants that had died (5), including in Kruger National Park in South Africa. In addition, the scientists were able to include data on six additional brains from an earlier study by another research team in their analysis.

Brain size as a possible explanation for differences in behaviour and motor skills?

"The difference in brain weight is perhaps the most important difference between these two elephant species," says Malav Shah from the BCCN, first author of the paper. "It could explain important behavioural differences between Asian and African elephants." For example, both species show very different behaviour when interacting with humans. Asian elephants have been partially domesticated over thousands of years and are used as work animals in different cultures and regions. In the case of African elephants, there are only very few cases in which domestication was even partially successful. It is much more difficult to habituate African elephants to human company than Asian elephants.

The fact that their brains grow so much over the course of an elephant's life seems plausible to the study heads, Michael Brecht and Thomas Hildebrandt: "Social factors and learning processes could explain the strong brain growth after birth, as elephants live in complex social structures and have an outstanding memory. The experience and accumulated knowledge of adult elephants, especially matriarchs, is central to the group behaviour of elephants and the young animals are very closely cared for over a long period of childhood and adolescence." The fact that the cerebellum is larger in African elephants relative to the animals' overall size could be related to the more complex motor function of the trunk in this species. With their two trunk fingers, African elephants can perform more diverse movements, which is also reflected in a higher number of neurons in the trunk's control centre in the brain.

Brecht and Hildebrandt point to the many unanswered questions in researching the brains of Asian and African elephants and their significance for motor skills and social behaviour. They will continue their intensive research into these fascinating, intelligent animals and their "control centres."
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'Sharkitecture:' A nanoscale look inside a blacktip shark's skeleton | ScienceDaily
Sharks have been evolving for more than 450 million years, developing skeletons not from bone, but from a tough, mineralized form of cartilage. These creatures are more than just fast swimmers -- they're built for efficiency. Their spines act like natural springs, storing and releasing energy with each tailbeat, allowing them to move through the water with smooth, powerful grace.


						
Now, scientists are peering inside shark skeletons at the nanoscale, revealing a microscopic "sharkitecture" that helps these ancient apex predators withstand extreme physical demands of constant motion.

Using synchrotron X-ray nanotomography with detailed 3D imaging and in-situ mechanical testing, researchers from the Charles E. Schmidt College of Science and the College of Engineering and Computer Science at Florida Atlantic University, in collaboration with the German Electron Synchrotron (DESY) in Germany, and NOAA Fisheries, have mapped the internal structure of blacktip sharks (Carcharhinus limbatus) in unprecedented detail.

Results of the study, published in ACS Nano, reveal two distinct regions within the blacktip shark's mineralized cartilage: the corpus calcareum and the intermediale. Though both are composed of densely packed collagen and bioapatite, their internal structures differ significantly. In both regions, mineralized plates are arranged in porous structures, reinforced by thick struts that help the skeleton withstand strain from multiple directions -- a critical adaptation for sharks, whose constant swimming places repeated stress on the spine.

At the nanoscale, researchers observed tiny needle-like bioapatite crystals -- a mineral also found in human bones -- aligned with strands of collagen. This intricate structure gives the cartilage surprising strength while still allowing flexibility.

Even more intriguing, the team discovered helical fiber structures primarily based on collagen -- suggesting a sophisticated, layered design optimized to prevent cracks from spreading. Under strain, fiber and mineral networks work together to absorb and distribute force, contributing to the shark's resilience and flexibility.

"Nature builds remarkably strong materials by combining minerals with biological polymers, such as collagen -- a process known as biomineralization. This strategy allows creatures like shrimp, crustaceans and even humans to develop tough, resilient skeletons," said Vivian Merk, Ph.D., senior author and an assistant professor in the FAU Department of Chemistry and Biochemistry, the FAU Department of Ocean and Mechanical Engineering, and the FAU Department of Biomedical Engineering. "Sharks are a striking example. Their mineral-reinforced spines work like springs, flexing and storing energy as they swim. By learning how they build such tough yet adaptable skeletons, we hope to inspire the design of next-generation materials."

In experiments applying mechanical stress on microscopic samples of shark vertebrae, the researchers observed tiny deformations -- less than a micrometer -- after a single cycle of applied pressure. Interestingly, fractures only occurred after a second round of loading and were contained within a single mineralized plane, hinting at the material's built-in resistance to catastrophic failure.




"After hundreds of millions of years of evolution, we can now finally see how shark cartilage works at the nanoscale -- and learn from them," said Marianne Porter, Ph.D., co-author and an associate professor in the FAU Department of Biological Sciences. "We're discovering how tiny mineral structures and collagen fibers come together to create a material that's both strong and flexible, perfectly adapted for a shark's powerful swimming. These insights could help us design better materials by following nature's blueprint."

Found in warm, shallow coastal waters worldwide, blacktip sharks are sleek, fast-swimming predators known for their incredible agility and speed, reaching up to 20 miles per hour. One of the most striking behaviors they display is leaping and spinning out of the water, often during feeding -- an acrobatic move that adds to their mystique.

This research not only enhances the biomechanical understanding of shark skeletons but also offers valuable insights for engineers and materials scientists.

"This research highlights the power of interdisciplinary collaboration," said Stella Batalama, Ph.D., dean of the College of Engineering and Computer Science. "By bringing together engineers, biologists and materials scientists, we've uncovered how nature builds strong yet flexible materials. The layered, fiber-reinforced structure of shark cartilage offers a compelling model for high-performance, resilient design, which holds promise for developing advanced materials from medical implants to impact-resistant gear."

Study co-authors are Dawn Raja Somu, Ph.D.; and Steven A. Soini, Ph.D., two recent Ph.D. graduates from the Charles E. Schmidt College of Science; Ani Briggs, a former undergraduate student in the FAU College of Engineering and Computer Science; Kritika Singh, Ph.D.; and Imke Greving, Ph.D., scientists at outstations of the DESY PETRA III X-ray light source operated by Helmholtz-Zentrum Hereon; and Michelle Passerotti, Ph.D., a research fish biologist at NOAA Fisheries.

This research was supported by a National Science Foundation (NSF) grant awarded to Merk; an NSF CAREER Award, awarded to Porter; and seed funding from the FAU College of Engineering and Computer Science and FAU Sensing Institute (I-SENSE). The acquisition of a transmission electron microscope was supported by a United States Department of Defense instrumentation/equipment grant awarded to Merk.
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Cool science: Researchers craft tiny biological tools using frozen ethanol | ScienceDaily
Imagine drawing on something as delicate as a living cell -- without damaging it. Researchers at the University of Missouri have made this groundbreaking discovery using an unexpected combination of tools: frozen ethanol, electron beams and purple-tinted microbes.


						
By advancing a method called ice lithography, the team was able to etch incredibly small, detailed patterns directly onto fragile biological surfaces.

While traditional lithography is commonly used to make tiny circuits and other electronic parts for phones and computers, it relies on a liquid process that can easily harm delicate materials, including carbon nanotubes and biological membranes.

That's where Mizzou's ice-based approach stands out. By using a layer of frozen ethanol instead of liquid, they've created a gentler, more precise way to work with materials once considered too fragile to handle.

"Instead of using a traditional lithography process, which can be too harsh on delicate biological materials, our technique applies a thin layer of ice to protect the material's surface while the pattern is made," Gavin King, a professor of physics and study co-author, said. "That frozen layer helps keep everything stable during the process and makes it possible for us to work with delicate biological materials that would normally be damaged substantially."

Mizzou has one of only three labs in the world -- and the only one in North America -- using this ice lithography method. What sets the work apart is the use of ethanol ice, which protects delicate biological materials where regular water ice would cause damage.

To test their new ethanol-ice-based method, researchers used Halobacterium salinarum, a tiny microorganism that makes a purple protein capable of capturing sunlight and turning it into energy -- akin to nature's version of a solar panel. Well known in biology since the 1970s, this microbe's ability to efficiently convert light into energy makes it a promising candidate for developing new kinds of power sources.




While Mizzou's discovery is proof of concept, the team is excited about its future potential, including the possibility of using these delicate purple membranes to create solar panels.

How it works

Here's how the ice lithography method works.

First, researchers place the biological membrane on a cold surface inside a scanning electron microscope. The temperature is lowered to extremely cold levels, below -150degC. Then, when they add ethanol vapor, it instantly freezes into ethanol ice and forms a thin, smooth layer over the membrane.

Next, a focused beam of electrons draws tiny patterns in the frozen layer. Once completed, the surface is gently warmed. The parts of the ice that weren't hit by the beam are sublimed away, while the pattern -- now a solid material -- is left behind.

"The patterns we're making are smaller than 100 nanometers wide, and more than 1,000 times thinner than a strand of human hair," Dylan Chiaro, graduate student and lead author of the study, said. "It's a major step toward working with some of biology's most delicate components."

A collaborative effort




This finding from researchers at Mizzou's College of Arts and Science brings together the fields of biology, chemistry, physics and space science, and could transform how scientists work with the tiniest building blocks of life -- molecules, proteins and atoms.

Suchi Guha, a professor of physics and study co-author, helped identify the structure of the resulting material. Using a high-sensitivity tool that examines how light interacts with molecules, called surface-enhanced Raman scattering, her lab discovered that the solid material behaves similarly to carbon fiber.

After the process was completed, the purple membrane was nearly unchanged -- only losing less than one nanometer in thickness. This proves that researchers can use this process to create patterns directly on fragile biological materials without damaging them -- a challenge that has perplexed scientists.

Bernadette Broderick, an assistant professor of chemistry and study co-author, helped discover the presence of ketene, a short-lived chemical that forms during the electron beam process. King believes this discovery by Broderick's lab, which specializes in astrochemistry, can help explain how the ethanol ice transforms into a stable, solid material -- a critical step in understanding the chemistry and physics behind the method.

"Each lab contributed a different piece of the puzzle," King said. "This kind of interdisciplinary teamwork is what really made the discovery possible."
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Thousands of animal species threatened by climate change | ScienceDaily
A novel analysis suggests more than 3,500 animal species are threatened by climate change and also sheds light on huge gaps in fully understanding the risk to the animal kingdom.


						
The study was published today in BioScience.

"We're at the start of an existential crisis for the Earth's wild animals," said Oregon State University's William Ripple, who led the study. "Up till now, the primary cause of biodiversity loss has been the twin threats of overexploitation and habitat alteration, but as climate change intensifies, we expect it to become a third major threat to the Earth's animals."

Ripple, distinguished professor of ecology in the OSU College of Forestry, and collaborators in the U.S. and Mexico used publicly available biodiversity datasets to examine animal data for 70,814 species from 35 existing classes. They categorized the species by class and climate change risks as assessed by the International Union for Conservation of Nature.

The researchers found that at least one-quarter of the species in six different classes are threatened by climate change; these classes include arachnids and chilopodans (centipedes) as well as anthozoans and hydrozoans (marine invertebrates related to jellyfish and corals). Smaller percentages of other classes' species are also directly at risk from a warming climate.

"We are particularly concerned about invertebrate animals in the ocean, which absorbs most of the heat from climate change," Ripple said. "Those animals are increasingly vulnerable because of their limited ability to move and promptly evade adverse conditions."

Sudden impacts on animal communities can take the form of mass mortality from extreme events like heat waves, wildfires, droughts and floods.




"The cascading effects of more and more mass mortality events will likely affect carbon cycle feedbacks and nutrient cycling," Ripple said. "Those effects also likely will have an impact on species interactions such as predation, competition, pollination and parasitism, which are vital for ecosystem function."

The 90% reduction in mollusk populations along Israel's coastline because of escalating water temperatures shows how susceptible invertebrates are, he said. Other examples include the deaths of billions of intertidal invertebrates during the 2021 Pacific Northwest heat dome, and the catastrophic die-off of corals across 29% of the Great Barrier Reef following a severe 2016 marine heat wave.

Mass mortalities have not been limited to invertebrates, Ripple notes. In 2015 and 2016, about 4 million common murres off the west coast of North America starved to death via an altered food web caused by an extreme marine heat wave.

The same heat wave caused a 71% decline in Pacific cod because of an increase in metabolic demand and a reduced prey base, and marine heat waves have likely played a role in the deaths of approximately 7,000 humpback whales in the North Pacific.

Further cause for concern, the authors note, is the comparatively small amount of information that's been gathered regarding climate change risk to wildlife. Most wildlife classes (66 of 101) have not yet had any species assessed by the IUCN, and the 70,814 species that have been assessed represent 5.5% of all described wildlife species alive today.

"Our analysis is meant to be a preliminary effort toward assessing climate risk to wildlife species," Ripple said. "Understanding the risk is crucial for making informed policy decisions. We need a global database on mass mortality events due to climate change for animal species in all ecosystems, and an acceleration in assessing currently ignored species."

The IUCN Red List of Threatened Species, he notes, has a bias toward vertebrates, which make up less than 6% of the Earth's named animal species.

"There is also a need for more frequent climate risk assessments of all species and better consideration of adaptive capacity," Ripple said. "We need the integration of biodiversity and climate change policy planning on a global scale."

Roger Worthington, an attorney in Bend, Oregon, provided partial funding for this study, which also included Christopher Wolf and Jillian Gregg of Terrestrial Ecosystem Research Associates and Erik Torres-Romero of the Biotechnology Engineering-Polytechnic University of Puebla in Puebla, Mexico.
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Controlling these 8 risk factors may eliminate early death risk for those with high blood pressure | ScienceDaily
A new study led by researchers at Tulane University suggests that people with high blood pressure can significantly reduce -- and possibly eliminate -- their increased risk of premature death by controlling several key health risk factors at once.


						
The study, published in Precision Clinical Medicine, tracked more than 70,000 people with hypertension and over 224,000 without it, using data from the UK Biobank. Researchers followed participants for nearly 14 years to understand how managing these risk factors affected early mortality -- defined as dying before age 80.

The eight health risk factors evaluated in the study include: blood pressure, body mass index, waist circumference, LDL "bad" cholesterol, blood sugar, kidney function, smoking status and physical activity. Notably, researchers found that hypertensive patients who had addressed at least four of these risk factors had no greater risk of an early death than those without high blood pressure.

"Our study shows that controlling blood pressure is not the only way to treat hypertensive patients, because high blood pressure can affect these other factors," said corresponding author Dr. Lu Qi, HCA Regents Distinguished Chair and professor of epidemiology in the Celia Scott Weatherhead School of Public Health and Tropical Medicine at Tulane University. "By addressing the individual risk factors, we can help prevent early death for those with hypertension."

Hypertension, defined as a blood pressure of 130 mmHg or higher, is the leading preventable risk factor for premature death worldwide.

The study found that addressing each additional risk factor was associated with a 13% lower risk of early death, 12% lower risk of early death due to cancer and 21% lower risk of death due to cardiovascular disease, the leading cause of premature death globally.

"Optimal risk control" -- having 7 or more of the risk factors addressed -- was linked to 40% less risk of early death, 39% less risk of early death due to cancer and 53% less risk of early death due to cardiovascular disease.

"To our knowledge, this is the first study to explore the association between controlling joint risk factors and premature mortality in patients with hypertension," Qi said. "Importantly, we found that any hypertension-related excess risk of an early death could be entirely eliminated by addressing these risk factors."

Only 7% of hypertensive participants in the study had seven or more risk factors under control, highlighting a major opportunity for prevention. Researchers say the findings underscore the importance of personalized, multifaceted care -- not just prescribing medication for blood pressure, but addressing a broader range of health behaviors and conditions.
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Surprise baby whale sightings reveal there's still much to learn about humpbacks | ScienceDaily
A UNSW-led study published today shows humpback whales are being born much further south than previously thought, with sightings extending as far as Tasmania -- more than 1500 kilometres ahead of the assumed calving zone.


						
"Historically, we believed that humpback whales migrating north from the nutrient-rich Southern Ocean were travelling to warmer, tropical waters such as the Great Barrier Reef to calve," says lead author Jane McPhee-Frew, a UNSW Sydney PhD candidate and whale watching skipper.

The study includes more than 200 sightings of humpback calves from whale watching operators, citizen scientists and government wildlife agencies -- across an area extending from Queensland down to Tasmania and across to New Zealand's South Island. The findings challenge current beliefs of where humpback whales give birth.

"I was working part-time as a skipper on a whale-watching boat in Newcastle when I first spotted a calf in the area," McPhee-Frew says.

"It seemed out of place," she says. "The calf was tiny, obviously brand new. What were they doing here? But none of my tourism colleagues seemed surprised.

"This sparked a conversation with my research colleagues, and we realised there was a gap between the scientific literature and the sightings."

McPhee-Frew says once they started investigating, reported sightings came in from further and further south.




"Eventually, we just ran out of land to see them from," she says. "So we don't actually know where the limit is. But we had reports right to the bottom of Tassie, the southernmost points of Western Australia and to the South Island of New Zealand."

This emerging pattern suggests humpbacks may have more complex migration and breeding behaviours than previously thought -- which comes with a new set of issues.

Navigating risky waters

McPhee-Frew's first calf sighting in Newcastle in 2023 was from within a busy shipping lane -- the city is home to the largest coal export port in the world.

Most observations of live calves in the study were from 2016 onwards, with two-thirds of observations made in 2023 or 2024.

"It's not just the sightings themselves that are important," McPhee-Frew says.




"The pattern we're seeing is mother whales with calves travelling through some of the busiest shipping lanes and urbanised regions.

"This means these vulnerable animals are exposed to risks like boat strikes, entanglements, pollution -- and just general public unawareness."

The study is an example of how industry, research institutions, government agencies and the wider public work together to improve the understanding and protection of marine life.

Back from the brink

Humpback whales were once close to extinction, with populations in the 1960s plummeting into the low hundreds. On the back of increased protection and conservation efforts, their numbers have risen to around 50,000 today.

McPhee-Frew says while the discovery of baby humpbacks being born so far south of the tropics might seem new, the behaviour itself might not be. It's probably just newly visible.

She scoured historical records, including 19th-century whaling logbooks and accounts from expeditions like Captain Scott's Terra Nova. Within these texts were sightings of mothers with calves at similar latitudes to those now being reported.

She says this information on breeding patterns was likely not seen for decades as humpback populations were so low following industrial whaling. The behaviours may also only just be coming into view "with more eyes than ever before looking at the water with technology like drones and with activities like whale watching."

McPhee-Frew says what this study highlights is the critical need for increased awareness to protect the newborn whales throughout their winter journey north -- which, in some cases, could span more than 2300kms.

"Regardless of the health of population now, we can't be in a situation where we're putting any age of whales -- especially baby whales -- in a situation where they're getting caught in nets, being exposed to chemicals, being hit by boats and being harassed."

Co-author Professor Tracey Rogers, also from UNSW, says newborn humpbacks are not as strong as adult whales.

"Mums with newborns swim much more slowly," Prof. Rogers says.

"Newborns are like Great Dane puppies. They have those long, enormous fins that they need to grow into, and they're not very strong swimmers. So they rest a lot of the time on their mum's back," she says.

"Imagine giving birth off Hobart and then swimming up the coast.

"It's heartbreaking to think of these young whales travelling through busy ports and dangerous shipping lanes with those long, clumsy fins.

"And it's not just happening here in NSW -- this is off WA, Victoria, Tasmania, New Zealand -- it's something we just didn't know before."

Keeping a safe distance

"The legislation to protect humpback whales, including mothers and calves, is already in place across all states," says Dr Adelaide Dedden from the NSW National Parks and Wildlife Service -- which collaborated with the UNSW scientists for this study.

"But we do have a gap in public awareness, particularly among recreational water users," Dr Dedden says.

"People need to be aware that calves are being seen not just on the southern migration but also on the northern one."

While close-up images of baby humpbacks may give the impression that encounters are guaranteed, these moments are rare and rely on the whales approaching out of curiosity -- not pursuit by vessels.

"Humpbacks are charismatic and curious," Dr Dedden says. "They're going to want to come and check out the boat."

She says NSW waters have numerous whale watch operators. The guidelines are to maintain a 100m distance from adult whales and 300m from mother-calf pairs.

"We've been working hard to get this message out to the public and encourage boaters, surfers, kayakers and jet-ski operators to be aware of these guidelines," Dr Dedden says.

A collaborative effort

McPhee-Frew says partnering with government agencies and sharing information ultimately supports better policies to protect the whales.

She also says whale watching operators, who are regularly out on the water, are critical for providing sightings data as well as educating the public about safe approaches.

In addition, social media platforms like Instagram and Facebook are invaluable tools for citizen science, for sharing images and information about whale sightings.

"The excitement and curiosity around whales are contagious," McPhee-Frew says.

"We've built a huge repository of data just by encouraging the public to share observations."

An unanswered question

McPhee-Frew says the question remains of why humpback mothers continue to use the 'humpback highway' to travel north after giving birth because, "in the tropics, there's really no food for them."

She says rather than holding a strict view of migratory patterns with fixed endpoints, the focus is shifting to how humpbacks use different marine environments on their journey.

"We still have a lot to learn," says McPhee-Frew.

"But, you know what? It's such a privilege to see whales. It is such a fantastic aspect of living in Australia.

"We just need to follow the rules so everyone can enjoy."

The study includes co-authors Holly Raudion and Kelly Waples from the Western Australia Department of Biodiversity Conservation and Attractions, and Dr Vanessa Pirotta from Macquarie University.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250520012829.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



World's first petahertz-speed phototransistor in ambient conditions | ScienceDaily
What if ultrafast pulses of light could operate computers at speeds a million times faster than today's best processors? A team of scientists, including researchers from the University of Arizona, are working to make that possible.


						
In a groundbreaking international effort, researchers from the Department of Physics in the College of Science and the James C. Wyant College of Optical Sciences demonstrated a way to manipulate electrons in graphene using pulses of light that last less than a trillionth of a second. By leveraging a quantum effect known as tunneling, they recorded electrons bypassing a physical barrier almost instantaneously, a feat that redefines the potential limits of computer processing power.

A study published in Nature Communications highlights how the technique could lead to processing speeds in the petahertz range -- over 1,000 times faster than modern computer chips.

Sending data at those speeds would revolutionize computing as we know it, said Mohammed Hassan, an associate professor of physics and optical sciences. Hassan has long pursued light-based computer technology and previously led efforts to develop the world's fastest electron microscope.

"We have experienced a huge leap forward in the development of technologies like artificial intelligence software, but the speed of hardware development does not move as quickly," Hassan said. "But, by leaning on the discovery of quantum computers, we can develop hardware that matches the current revolution in information technology software. Ultrafast computers will greatly assist discoveries in space research, chemistry, health care and more."

Hassan worked alongside U of A colleagues Nikolay Golubev, an assistant professor of physics; Mohamed Sennary, a graduate student studying optics and physics; Jalil Shah, a postdoctoral scholar of physics; and Mingrui Yuan, an optics graduate student. They were joined by colleagues from the California Institute of Technology's Jet Propulsion Laboratory and the Ludwig Maximilian University of Munich in Germany.

The team was originally studying the electrical conductivity of modified samples of graphene, a material composed of a single layer of carbon atoms. When a laser shines on graphene, the energy of the laser excites electrons in the material, making them move and form into a current.




Sometimes, those electric currents cancel each other out. Hassan said this happens because the laser's energy wave moves up and down, generating equal and opposite currents on either side of the graphene. Because of graphene's symmetrical atomic structure, these currents mirror each other and cancel each other out, leaving no detectable current.

But what if a single electron could slip through the graphene, and its journey could be captured and tracked in real time? That near-instant "tunnelling" was the unexpected result of the team modifying different graphene samples.

"That is what I love most about science: The real discovery comes from the things you don't expect to happen," Hassan said. "Going into the lab, you always anticipate what will happen -- but the real beauty of science are the little things that happen, which lead you to investigate more. Once we realized that we had achieved this tunneling effect, we had to find out more."

Using a commercially available graphene phototransistor that was modified to introduce a special silicon layer, the researchers used a laser that switches off and on at a rate of 638 attoseconds to create what Hassan called "the world's fastest petahertz quantum transistor."

A transistor is a device that acts as an electronic switch or amplifier that controls the flow of electricity between two points and is fundamental to the development of modern electronics.

"For reference, a single attosecond is one-quintillionth of a second," Hassan said. "That means that this achievement represents a big leap forward in the development of ultrafast computer technologies by realizing a petahertz-speed transistor."

While some scientific advancements occur under strict conditions, including temperature and pressure, this new transistor performed in ambient conditions -- opening the way to commercialization and use in everyday electronics.

Hassan is working with Tech Launch Arizona, the office that works with investigators to commercialize inventions stemming from U of A research in order to patent and market innovations. While the original invention used a specialized laser, the researchers are furthering development of a transistor compatible with commercially available equipment.

"I hope we can collaborate with industry partners to realize this petahertz-speed transistor on a microchip," Hassan said. "The University of Arizona is already known for the world's fastest electron microscope, and we would like to also be known for the first petahertz-speed transistor."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250519204533.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A head and a hundred tails: How a branching worm manages reproductive complexity | ScienceDaily
Scientists have uncovered the genetic underpinnings of one of the ocean's most bizzare animals: a branching marine worm named Ramisyllis kingghidorahi that lives inside sea sponges and reproduces in a truly extraordinary way. Living hidden in tropical waters, this worm grows multiple body branches within a host sponge, each tail capable of producing separate living reproductive units called "stolons." But how does a single animal coordinate sexual reproduction across so many branches? To find out, researchers led by the University of Gottingen analysed gene expression across different body regions and between male, female and juvenile specimens. This provides the first complete "genetic activity map" -- or transcriptome -- of any branching worm, revealing how this creature manages to control reproduction across its branching body. Their findings were published in BMC Genomics.


						
The researchers found clear patterns in their analyses: differences in gene activity were more pronounced between different body regions in the same worm than between the sexes. The stolons -- short-lived reproductive units that break off from the branches and swim away to mate -- had the most distinctive genetic signatures when comparing males and females, probably reflecting their specialised role in gamete production and metamorphosis. "We were surprised to find that the head of the worm, which was previously thought to house a sex-specific control system, didn't show the dramatic differences we expected between males and females," said Dr Guillermo Ponz-Segrelles, former researcher at the Autonomous University of Madrid. "Instead, the stolons emerged as the true hotspots of gene activity during sexual development."

An overlooked but key feature of the reproductive stolons is that they sprout eyes before detaching from the main worm body in search of a mate. This study revealed upregulation of genes related to eye development, providing the first clues about how the tip of a branch of the worm body metamorphoses into an independent stolon. Interestingly, the data also hint at the possibility of partial genome duplication in Ramisyllis, which may help explain the complexity of its biology and reproductive system. Despite some challenges in identifying conserved signalling pathways, the results point to a unique genetic toolkit in Ramisyllis and highlight how little we still know about reproduction in marine invertebrates.

"This worm and its surreal, tree-like body made headlines around the world in 2021 and 2022, yet it continues to amaze us," said Thilo Schulze, PhD researcher at Gottingen University." It challenges our understanding of how animal bodies can be organized, and how such strange forms of reproduction are orchestrated at the molecular level." With many aspects of branching worms' reproductive biology still a mystery, the team hopes this new genetic resource will open the door to deeper investigations into how life evolves in unexpected directions -- even in the hidden corners of our oceans.
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Investment risk for energy infrastructure construction is highest for nuclear power plants, lowest for solar | ScienceDaily
Between now and 2050, the International Energy Agency projects that more than $100 trillion will be spent on building net-zero energy infrastructure globally. Yet every single one of these projects runs the risk of higher-than-expected construction costs or time delays. Newer technologies introduced in the past decade, such as hydrogen or geothermal energy, are even more difficult to evaluate as government agencies, energy developers, utilities, investors, and other stakeholders decide which sustainable energy systems are best for future projects.


						
In a new state-of-the-art study, published in the journal Energy Research & Social Science, researchers at the Boston University Institute for Global Sustainability (IGS) found that runaway construction costs and delayed timelines stymie many energy projects. In fact, the average project costs 40% more than expected for construction and takes almost two years longer than planned, as the study showed.

Nuclear power plants are the worst offenders, with an average construction cost overrun typically twice as much as expected or more, and the most extreme time delays. To be exact, the average nuclear power plant has a construction cost overrun of 102.5% and ends up costing $1.56 billion more than expected.

Looking at newer net-zero options reveals higher risk as well. Hydrogen infrastructure and carbon capture and storage both exhibit significant average time and cost overruns for construction, along with thermal power plants relying on natural gas, calling into question whether these can be scaled up quickly to meet emission reduction goals for climate mitigation.

"Worryingly, these findings raise a legitimate red flag concerning efforts to substantially push forward a hydrogen economy," says Benjamin Sovacool, lead and first author of the study, director of IGS, and professor of earth and environment.

By contrast, solar energy and electricity grid transmission projects have the best construction track record and are often completed ahead of schedule or below expected cost. Wind farms also performed favorably in the financial risk assessment.

For Sovacool, the evidence is clear: "Low-carbon sources of energy such as wind and solar not only have huge climatic and energy security benefits, but also financial advantages related to less construction risk and less chance of delays," he says. "It's further evidence that such technologies have an array of underrated and underappreciated social and economic value."

Using an original dataset significantly larger and more comprehensive than existing sources, the study provides the most rigorous comparative analysis of construction cost overrun risks and time delays for energy infrastructure projects globally.




"Low-carbon sources of energy such as wind and solar not only have huge climatic and energy security benefits, but also financial advantages related to less construction risk and less chance of delays."

The researchers compiled data on 662 energy infrastructure projects covering a diverse spectrum of technology classes and capacities, built between 1936 and 2024 across 83 countries, representing $1.358 trillion in investment. This includes emerging innovations such as geothermal and bioenergy, providing fresh insights into the cost dynamics of these recently commercialized technologies. In total, the study evaluated ten types of projects: thermoelectric power plants fueled by coal, oil, or natural gas combustion; nuclear reactors; hydroelectric dams; utility-scale wind farms; utility-scale solar photovoltaic and concentrated solar power facilities; high-voltage transmission lines; bioenergy power plants; geothermal power plants; hydrogen production facilities; and carbon capture and storage facilities.

Understanding what causes energy projects to go over budget and fall behind schedule -- and when that tipping point occurs -- is another important contribution of this global analysis. The study examined diseconomies of scale, construction delays, and governance factors to identify critical thresholds when project costs surge, helping to inform better risk management strategies.

"I'm particularly struck by our findings on the diseconomies of scale, with projects exceeding 1,561 megawatts in capacity demonstrating significantly higher risk of cost escalation," says Hanee Ryu, second and corresponding author and a visiting researcher at IGS. "This suggests that we may need to reconsider our approach to large-scale energy infrastructure planning, especially as we commit trillions to global decarbonization efforts."

What this could mean, Ryu explains, is that smaller, modular renewable projects might not only bring environmental benefits, but also potentially reduce financial risk and offer better budget predictability.
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Empowering robots with human-like perception to navigate unwieldy terrain | ScienceDaily
The wealth of information provided by our senses that allows our brain to navigate the world around us is remarkable. Touch, smell, hearing, and a strong sense of balance are crucial to making it through what to us seem like easy environments such as a relaxing hike on a weekend morning.


						
An innate understanding of the canopy overhead helps us figure out where the path leads. The sharp snap of branches or the soft cushion of moss informs us about the stability of our footing. The thunder of a tree falling or branches dancing in strong winds lets us know of potential dangers nearby.

Robots, in contrast, have long relied solely on visual information such as cameras or lidar to move through the world. Outside of Hollywood, multisensory navigation has long remained challenging for machines. The forest, with its beautiful chaos of dense undergrowth, fallen logs and ever-changing terrain, is a maze of uncertainty for traditional robots.

Now, researchers from Duke University have developed a novel framework named WildFusion that fuses vision, vibration and touch to enable robots to "sense" complex outdoor environments much like humans do. The work was recently accepted to the IEEE International Conference on Robotics and Automation (ICRA 2025), which will be held May 19-23, 2025, in Atlanta, Georgia.

"WildFusion opens a new chapter in robotic navigation and 3D mapping," said Boyuan Chen, the Dickinson Family Assistant Professor of Mechanical Engineering and Materials Science, Electrical and Computer Engineering, and Computer Science at Duke University. "It helps robots to operate more confidently in unstructured, unpredictable environments like forests, disaster zones and off-road terrain."

"Typical robots rely heavily on vision or LiDAR alone, which often falter without clear paths or predictable landmarks," added Yanbaihui Liu, the lead student author and a second-year Ph.D. student in Chen's lab. "Even advanced 3D mapping methods struggle to reconstruct a continuous map when sensor data is sparse, noisy or incomplete, which is a frequent problem in unstructured outdoor environments. That's exactly the challenge WildFusion was designed to solve."

WildFusion, built on a quadruped robot, integrates multiple sensing modalities, including an RGB camera, LiDAR, inertial sensors, and, notably, contact microphones and tactile sensors. As in traditional approaches, the camera and the LiDAR capture the environment's geometry, color, distance and other visual details. What makes WildFusion special is its use of acoustic vibrations and touch.




As the robot walks, contact microphones record the unique vibrations generated by each step, capturing subtle differences, such as the crunch of dry leaves versus the soft squish of mud. Meanwhile, the tactile sensors measure how much force is applied to each foot, helping the robot sense stability or slipperiness in real time. These added senses are also complemented by the inertial sensor that collects acceleration data to assess how much the robot is wobbling, pitching or rolling as it traverses uneven ground.

Each type of sensory data is then processed through specialized encoders and fused into a single, rich representation. At the heart of WildFusion is a deep learning model based on the idea of implicit neural representations. Unlike traditional methods that treat the environment as a collection of discrete points, this approach models complex surfaces and features continuously, allowing the robot to make smarter, more intuitive decisions about where to step, even when its vision is blocked or ambiguous.

"Think of it like solving a puzzle where some pieces are missing, yet you're able to intuitively imagine the complete picture," explained Chen. "WildFusion's multimodal approach lets the robot 'fill in the blanks' when sensor data is sparse or noisy, much like what humans do."

WildFusion was tested at the Eno River State Park in North Carolina near Duke's campus, successfully helping a robot navigate dense forests, grasslands and gravel paths. "Watching the robot confidently navigate terrain was incredibly rewarding," Liu shared. "These real-world tests proved WildFusion's remarkable ability to accurately predict traversability, significantly improving the robot's decision-making on safe paths through challenging terrain."

Looking ahead, the team plans to expand the system by incorporating additional sensors, such as thermal or humidity detectors, to further enhance a robot's ability to understand and adapt to complex environments. With its flexible modular design, WildFusion provides vast potential applications beyond forest trails, including disaster response across unpredictable terrains, inspection of remote infrastructure and autonomous exploration.

"One of the key challenges for robotics today is developing systems that not only perform well in the lab but that reliably function in real-world settings," said Chen. "That means robots that can adapt, make decisions and keep moving even when the world gets messy."

This research was supported by DARPA (HR00112490419, HR00112490372) and the Army Research Laboratory (W911NF2320182, W911NF2220113).
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Not one, but two massive black holes are eating away at this galaxy | ScienceDaily
Astronomers have discovered nearly 100 examples of massive black holes shredding and devouring stars, almost all of them where you'd expect to find massive black holes: in the star-dense cores of massive galaxies.


						
University of California, Berkeley, astronomers have now discovered the first instance of a massive black hole tearing apart a star thousands of light years from the galaxy's core, which itself contains a massive black hole.

The off-center black hole, which has a mass about 1 million times that of the sun, was hiding in the outer regions of the galaxy's central bulge, but revealed itself through bursts of light generated by the spaghettification of the star -- a so-called tidal disruption event, or TDE. In a TDE, the immense gravity of a black hole tugs on a star -- similar to the way the moon raises ocean tides on Earth, but a lot more violently.

"The classic location where you expect massive black holes to be in a galaxy is in the center, like our Sag A* at the center of the Milky Way," said Yuhan Yao, a Miller Postdoctoral Fellow at UC Berkeley who is lead author of a paper about the discovery recently accepted for publication in The Astrophysical Journal Letters (ApJL). "That's where people normally search for tidal disruption events. But this one, it's not at the center. It's actually about 2,600 light years away. That's the first optically discovered off-nuclear TDE discovered."

The galaxy's central massive black hole, about 100 million times the mass of our sun, is also gorging itself, but on gas that has gotten too close to escape.

Studies of massive black holes at galactic centers tell astronomers about the evolution of galaxies like our own, which has one central black hole -- called SagA* because of its location within the constellation Sagittarius -- weighing in at a puny 4 million solar masses. Some of the largest galaxies have central black holes weighing several 100 billion solar masses, presumably the result of the merger of many smaller black holes.

Finding two massive black holes in the center of a galaxy is not surprising. Most large galaxies are thought to have massive black holes in their cores, and since galaxies often collide and merge as they move through space, large galaxies should occasionally harbor more than one supermassive black hole -- at least until they collide and merge into an even bigger black hole. They typically hide in stealth mode until they reveal their presence by grabbing nearby stars or gas clouds, creating a short-lived burst of light. These are rare events, however. Astronomers calculate that a massive black hole would encounter a star once every 30,000 years, on average.




The new TDE, dubbed AT2024tvd, was detected by the Zwicky Transient Facility, an optical camera mounted on a telescope at Palomar Observatory near San Diego, and confirmed by observations with radio, X-ray and other optical telescopes, including NASA's Hubble Space Telescope.

"Massive black holes are always at the centers of galaxies, but we know that galaxies merge -- that is how galaxies grow. And when you have two galaxies that come together and become one, you have multiple black holes," said co-author Ryan Chornock, a UC Berkeley associate adjunct professor of astronomy. "Now, what happens? We expect they eventually come together, but theorists have predicted that there should be a population of black holes that are roaming around inside galaxies."

The discovery of one such roaming black hole shows that systematic searches for the signature of a TDE could turn up more rogue black holes. The find also validates plans for a space mission called LISA -- the Laser Interferometer Space Antenna -- that will look for gravitational waves from mergers of massive black holes like these.

"This is the first time that we actually see massive black holes being so close using TDEs," said co-author Raffaella Margutti, a UC Berkeley associate professor of astronomy and of physics. "If these are a couple of supermassive black holes that are getting closer together -- which is not necessarily true -- but if they are, they might merge and emit gravitational waves that we'll see in the future with LISA."

LISA will complement ground-based gravitational wave detectors, such as LIGO and Virgo, which are sensitive to the merger of black holes or neutron stars weighing less than a few hundred times the mass of our sun, and telescopic studies of pulsar flashes, such as the Nanograv pulsar timing array experiment, which are sensitive to gravitational waves from the mergers of supermassive black holes weighing billions of solar masses. LISA's sweet spot is black holes of several million solar masses. LISA is slated to be launched in the next decade.

Transient outbursts

Because black holes are invisible, scientists can only find them by detecting the light produced when they shred stars or gas clouds and create a bright, hot, rotating disk of material that gradually falls inward. TDEs are powerful probes of black hole accretion physics, Chornock said, revealing how close material can get to the black hole before being captured and the conditions necessary for black holes to launch powerful jets and winds.




The most productive search for TDEs has used data from the Zwicky Transient Facility, originally built to detect supernova explosions, but also sensitive to other flashes in the sky.

The ZTF has discovered nearly 100 TDEs since 2018, all within the cores of galaxies. X-ray satellites have also detected a few TDEs, including two in the outskirts of a galaxy that also has a central black hole. In those galaxies, however, the black holes are too far apart to ever merge. The newly discovered black hole is close enough to the core's massive black hole to potentially fall toward it and merge, though not for billions of years.

Yao noted that two alternative scenarios could explain the presence of the wandering black hole in AT2024tvd. It could be from the core of a small galaxy that merged with the larger galaxy long ago and is either moving through the larger galaxy on its way out or has become bound to the galaxy in an orbit that may, eventually, bring it close enough to merge with the black hole at the core.

Erica Hammerstein, another UC Berkeley postdoctoral researcher, scrutinized the Hubble images as part of the study, but was unable to find evidence of a past galaxy merger.

AT2024tvd could also be a former member of a triplet of black holes that used to be at the galactic core. Because of the chaotic nature of three-body orbits, one would have been kicked out of the core to wander around the galaxy.

Searching galaxies for off-center black holes

Because the ZTF detects hundreds of flashes of light around the northern sky each year, TDE searches to date have focused on flashes discovered near the cores of galaxies, Yao said. She and Chornock created an algorithm to distinguish between the light produced by a supernova and a TDE, and employed it to search through the 10,000 or so detections by ZTF to date to find bursts of light in the galactic center that fit the characteristics of a TDE.

"Supernovae cool down after they peak, and their color becomes redder," Yao said. "TDEs remain hot for months or years and have consistently blue colors throughout their evolution."

TDEs also exhibit broad emission lines of hydrogen, helium, carbon, nitrogen and silicon.

Last August, the Berkeley team discovered a burp of light that looked like a TDE, but its location seemed off-center, though within the resolution limits of the ZTF. The researchers suspected the black hole was indeed off center, and immediately requested time on several telescopes to pinpoint its location. These included NASA's Chandra X-ray Observatory, the Very Large Array and the Hubble Space Telescope. They all confirmed its off-nucleus location, with HST providing a distance of about 2,600 light years -- about one-tenth the distance between our sun and Sag A*.

Though close to the central black hole, the off-nuclear black hole is not gravitationally bound to it. Because the black hole at the core spews out energy as it accretes infalling gas, it is categorized as an active galactic nucleus.

Yao and her team hope to find other roaming TDEs, which will give astronomers an idea of how often galaxies and their core black holes merge, and thus how long it takes to form some of the extreme, supermassive black holes.

"AT2024tvd is the first offset TDE captured by optical sky surveys, and it opens up the entire possibility of uncovering this elusive population of wandering black holes with future sky surveys," Yao said. "Right now, theorists haven't given much attention to offset TDEs. They primarily predict rates for TDEs occurring at the centers of galaxies. I think this discovery really motivates them to compute rates for offset TDEs, as well."

The 34 co-authors who contributed to the paper come from institutions in the United States, United Kingdom, Sweden, Russia, Germany, Australia and the Netherlands. ZTF is a public-private partnership, with equal support from the ZTF Partnership and the U.S. National Science Foundation.
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Astronomers observe largest ever sample of galaxies up to over 12 billion light years away | ScienceDaily
The largest sample of galaxy groups ever detected has been presented by a team of international astronomers using data from the James Webb Space telescope (JWST) in an area of the sky called COSMOS Web. The study marks a major milestone in extragalactic astronomy, providing unprecedented insights into the formation and evolution of galaxies and the large-scale structure of the universe.


						
Peering back in time to when the universe was younger than the Earth is now, the images span the period from around twelve billion years ago until one billion years ago. The new catalogue of images, soon to be published in the journal Astronomy and Astrophysics (A&A), includes nearly 1,700 galaxy groups. The research group's impressive image of a galaxy cluster over 6 billion light years away is currently showcased as the European Space Agency's (ESA) picture of the month.

'We're able to actually observe some of the first galaxies formed in the universe,' says Ghassem Gozaliasl of Aalto University, and head of the galaxy groups detection team who led the study. 'We detected 1,678 galaxy groups or proto-clusters -- the largest and deepest sample of galaxy groups ever detected -- with the James Webb Space telescope. With this sample, we can study the evolution of galaxies in groups over the past 12 billion years of cosmic time.'

The James Webb Space Telescope began operating in 2022. The largest telescope in space, its higher resolution and greater sensitivity have enabled astronomers to see farther and better than ever before. Because light travels at a finite speed, the further away an object is, the further back in time our image of it. By observing very faint, very distant galaxies -- the faintest galaxies in this dataset are one billion times dimmer than the human eye can see -- the team got a glimpse of what galaxies looked like in the early universe.

Galaxy groups and clusters are rich environments filled with dark matter, hot gas, and massive central galaxies that often host supermassive black holes, explains Gozaliasl. 'The complex interactions between these components play a crucial role in shaping the life cycles of galaxies and driving the evolution of the groups and clusters themselves. By uncovering a more complete history of these cosmic structures, we can better understand how these processes have influenced the formation and growth of both massive galaxies and the largest structures in the universe.'

Cosmic family history

Galaxies aren't scattered evenly throughout the universe. Instead, they cluster in dense regions connected by filaments and walls, forming a vast structure known as the cosmic web. Truly isolated galaxies are rare -- most reside in galaxy groups, which typically contain anywhere from three to a few dozen galaxies, or in larger galaxy clusters, which can include hundreds or even thousands of galaxies bound together by gravity. Our own Milky Way is part of a small galaxy group known as the Local Group, which includes the Andromeda Galaxy and dozens of smaller galaxies.

'Like humans, galaxies come together and make families,' explains Gozaliasl. 'Groups and clusters are really important, because within them galaxies can interact and merge together, resulting in the transformation of galaxy structure and morphology. Studying these environments also helps us understand the role of dark matter, feedback from supermassive black holes, and the thermal history of the hot gas that fills the space between galaxies.'

Because the new catalog includes observations that span from one billion to twelve billion years ago, scientists can compare some of the earliest structures in the universe with relatively modern ones to learn more about galaxy groups and how they evolve. Studying the history of galaxy groups can also help astronomers understand how the giant, brightest group galaxies (BGGs) at their centres form through repeated mergers -- an area explored in depth across several of Gozaliasl's recent publications.

'When we look very deep into the universe, the galaxies have more irregular shapes and are forming many stars. Closer to our time, star formation is what we refer to as 'quenched' -- the galaxies have more symmetric structures, like elliptical or spiral galaxies. It's really exciting to see the shapes changing over cosmic time. We can start to address so many questions about what happened in the universe and how galaxies evolved,' says Gozaliasl.
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Streaked slopes on Mars probably not signs of water flow, study finds | ScienceDaily
A new study by planetary scientists at Brown University and the University of Bern in Switzerland casts doubt on one of the most tantalizing clues that water might be flowing on present-day Mars.


						
For years, scientists have spied strange streaks running down Martian cliffsides and crater walls. Some have interpreted those streaks as liquid flows, suggesting the possibility of currently habitable environments on the Red Planet. But this new study, which used machine learning to create and analyze a massive dataset of slope streak features, points to a different explanation: dry process related to wind and dust activity.

"A big focus of Mars research is understanding modern-day processes on Mars -- including the possibility of liquid water on the surface," said Adomas Valantinas, a postdoctoral researcher at Brown who coauthored the research with Valentin Bickel, a researcher at Bern. "Our study reviewed these features but found no evidence of water. Our model favors dry formation processes."

The research was published in Nature Communications on Monday, May 19.

Scientists first saw the odd streaks in images returned from NASA's Viking mission in the 1970s. The sinewy features are generally darker in hue than the surrounding terrain and extend for hundreds of meters down sloped terrain. Some last for years or decades, while others come and go more quickly. The shorter-lived features -- dubbed recurring slope lineae (RSL) -- seem to show up in the same locations during the warmest periods of the Martian year.

The origin of the streaks has been a hot topic among planetary scientists. Modern Mars is remarkably dry, and temperatures rarely peak above freezing. Still, it's possible that small amounts of water -- perhaps sourced from buried ice, subsurface aquifers or abnormally humid air -- could mix with enough salt to create a flow even on the frozen Martian surface. If true, RSLs and slope streaks could mark rare, habitable niches on a desert world.

Other researchers haven't been convinced. They contend the streaks are triggered by dry processes like rock falls or wind gusts, and only appear liquid-like in orbital images.




Hoping for new insights, Bickel and Valantinas turned to a machine learning algorithm to catalog as many slope streaks as they could. After training their algorithm on confirmed slope streak sightings, they used it to scan more than 86,000 high-resolution satellite images. The result was a first-of-its-kind global Martian map of slope streaks containing more than 500,000 streak features.

"Once we had this global map, we could compare it to databases and catalogs of other things like temperature, wind speed, hydration, rock slide activity and other factors." Bickel said. "Then we could look for correlations over hundreds of thousands of cases to better understand the conditions under which these features form."

This geostatistical analysis showed that slope streaks and RSLs are not generally associated with factors that suggest a liquid or frost origin, such as a specific slope orientation, high surface temperature fluctuations or high humidity. Instead, the study found that both features are more likely to form in places with above average wind speed and dust deposition -- factors that point to a dry origin.

The researchers conclude that the streaks most likely form when layers of fine dust suddenly slide off steep slopes. The specific triggers may vary. Slope streaks appear more common near recent impact craters, where shockwaves might shake loose surface dust. RSLs, meanwhile, are more often found in places where dust devils or rockfalls are frequent.

Taken together, the results cast new doubt on slope streaks and RSLs as habitable environments.

That has significant implications for future Mars exploration. While habitable environments might sound like good exploration targets, NASA would rather keep its distance. Any Earthly microbes that may have hitched a ride on a spacecraft could contaminate habitable Martian environments, complicating the search for Mars-based life. This study suggests that the contamination risk at slope streak sites isn't much of a concern.

"That's the advantage of this big data approach," Valantinas said. "It helps us to rule out some hypotheses from orbit before we send spacecraft to explore."
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Glaciers will take centuries to recover even if global warming is reversed, scientists warn | ScienceDaily
New research reveals mountain glaciers across the globe will not recover for centuries -- even if human intervention cools the planet back to the 1.5degC limit, having exceeded it.


						
The research, led by the University of Bristol in the UK and the University of Innsbruck in Austria, presents the first global simulations of glacier change up to 2500 under so-called 'overshoot' scenarios, when the planet temporarily exceeds the 1.5degC limit up to 3degC before cooling back down.

The results, published today in Nature Climate Change, show that such a scenario could result in glaciers losing up to 16% more of their mass compared to a world that never crosses the 1.5degC threshold.

Corresponding author Dr Fabien Maussion, Associate Professor in Polar Environmental Change at the University of Bristol, said: "Current climate policies are putting the Earth on a path close to 3degC. It's clear that such a world is far worse for glaciers than one where the 1.5degC limit is held.

"We aimed to discover whether glaciers can recover if the planet cools again. It's a question many people ask -- will glaciers regrow in our lifetime, or that of our children? Our findings indicate sadly not."

Rising global temperatures now indicate a significant chance of overshooting of the Paris Agreement limits adopted a decade ago. For example, last year was the hottest year ever recorded on Earth and the first calendar year to exceed the 1.5degC mark.

The climate scientists assessed future glacier evolution under a strong overshoot scenario in which global temperatures continue rising to 3.0degC by around 2150, before falling back to 1.5degC by 2300 and stabilising. This scenario reflects a delayed net-zero future, in which negative emission technologies like carbon capture are only deployed after critical warming thresholds have been exceeded.




The results show glaciers would fare much worse than in a world where temperatures stabilise at 1.5degC without overshooting, with an additional 16% of glacier mass being lost by 2200, and 11% more by 2500 -- on top of the 35% already committed to melting even at 1.5degC. This extra meltwater eventually reaches the ocean, contributing to even greater sea-level rise.

The research used a pioneering open-source model developed at the University of Bristol and partner institutions, which simulates past and future changes in all of the world's glaciers, excluding the two polar ice sheets. It was combined with novel global climate projections produced by the University of Bern in Switzerland.

Lead author Dr Lilian Schuster, a researcher at the University of Innsbruck, said: "Our models show it would take many centuries, if not millennia, for the large polar glaciers to recover from a 3degC overshoot. For smaller glaciers such as those in the Alps, the Himalaya and the Tropical Andes, recovery won't be seen by the next generations but is possible by 2500."

Glacier meltwater in these mountain regions is vital to downstream communities -- especially during dry seasons. When glaciers melt, they temporarily release more water, a phenomenon known as glacier 'peak water'.

Dr Schuster added: "If glaciers regrow, they start storing water again as ice -- and that means less water flows downstream. We call this effect 'trough water', in contrast to peak water. We found that roughly half of the basins we studied will experience some form of trough water beyond 2100. It's too early to say how much impact this will have, but our study is a first step toward understanding the many and complex consequences of climate overshoots for glacier-fed water systems and sea-level rise."

This research was conducted as part of the EU-funded PROVIDE project, which investigates the impacts of climate overshoots on key sectors around the world.

Dr Maussion said: "Overshooting 1.5degC, even temporarily, locks in glacier loss for centuries. Our study shows that much of this damage cannot simply be undone -- even if temperatures later return to safer levels. The longer we delay emissions cuts, the more we burden future generations with irreversible change."
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How to swim without a brain | ScienceDaily
Bacteria can do it, amoebas can do it, even blood cells can do it: they all have the ability to move in a goal oriented way in liquids. And they do so despite having extremely simple structures without a central control system (such as a brain). How can this be explained? A team from TU Wien, the University of Vienna and Tufts University (USA) simulated this type of movement on a computer and was able to show that swimming movements are possible even without a central control unit. This not only explains the behaviour of microorganisms, it could also enable nanobots to move in a targeted manner, for example to transport drugs to the right place in the body.


						
Success even without a central control system

"Simple microorganisms can be imagined as being composed of several parts, a bit like a string of pearls," says Benedikt Hartl from the Institute of Theoretical Physics at TU Wien and the Allen Discovery Center at Tufts University, lead author of the current publication. "The individual parts can move relative to each other. We wanted to know: under what circumstances does this result in a movement that causes the entire organism to move in a desired direction?"

This is relatively simple if there is a central control system -- something like a brain or at least a nerve centre. Such a centre can issue specific commands to the individual parts. It is easy to understand how this can result in coordinated movement.

But a single-celled organism naturally has no nerve cells, no central processing system that could issue commands. How is it possible in this case for a coordinated swimming movement to arise? If the individual parts of the microorganism all behave according to very simple rules, can this result in collective behaviour that leads to efficient swimming?

Microorganisms simulated on a computer

This question was investigated using computer simulations: the microorganisms were modelled as chains of interconnected beads . Each of these beads can exert a force to the left or right, but each bead only knows the position of its immediate neighbours. There is no knowledge of the overall state of the organism or of beads further away.




"The crucial question now is: Is there a control system, a set of simple rules, a behavioural strategy that each bead can follow individually so that a collective swimming motion emerges -- without any central control unit?" says Benedikt Hartl.

On the computer, the individual beads -- the simulated parts of the virtual microorganism -- were equipped with a very simple form of artificial intelligence, a tiny neural network with only 20 to 50 parameters, explains Hartl: "The term neural network is perhaps somewhat misleading in this context; of course, a single-celled organism has no neurons. But such simple control systems can be implemented within a cell, for example, by means of very simple physical-chemical circuits that cause a specific area of the microorganism to perform a specific movement."

This simple decentralized control system has now been adapted to the computer in search of the most efficient 'control code' possible that produces the best swimming behaviour. With each version of this control system, the virtual microorganism was allowed to swim in a simulated viscous fluid.

"We were able to show that this extremely simple approach is sufficient to produce highly robust swimming behaviour," says Benedikt Hartl. "Although our system has no central control and each segment of the virtual microorganism behaves according to very simple rules, the overall result is complex behaviour that is sufficient for efficient locomotion."

Biology and technology

This result is not only interesting because it explains the complex behaviour of very simple biological systems, it could also be interesting for artificially produced nanobots: "This means that it would also be possible to create artificial structures that could perform complex tasks with very simple programming," says Andreas Zottl (University of Vienna). "It would be conceivable, for example, to build nanobots that actively search for oil pollution in water and help to remove it. Or even medical nanobots that move autonomously to specific locations in the body to release a drug in a targeted manner."
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Could nanoplastics in the environment turn E. coli into a bigger villain? | ScienceDaily
Nanoplastics are everywhere. These fragments are so tiny they can accumulate on bacteria and be taken up by plant roots; they're in our food, our water, and our bodies. Scientists don't know the full extent of their impacts on our health, but new research from University of Illinois Urbana-Champaign food scientists suggests certain nanoplastics may make foodborne pathogens more virulent.


						
"Other studies have evaluated the interaction of nanoplastics and bacteria, but so far, ours is the first to look at the impacts of microplastics and nanoplastics on human pathogenic bacteria. We focused on one of the key pathogens implicated in outbreaks of foodborne illness -- E. coli O157:H7," said senior study author Pratik Banerjee, associate professor in the Department of Food Science and Human Nutrition and an Illinois Extension Specialist; both units are part of the College of Agricultural, Consumer and Environmental Sciences at Illinois.

Banerjee's team found that nanoplastics with positively charged surfaces were more likely to cause physiological stress in E. coli O157:H7. Just as a stressed dog is more likely to bite, the stressed bacteria became more virulent, pumping out more Shiga-like toxin, the chemical that causes illness in humans.

The researchers expected positively charged nanoplastics to impact E. coli because the bacteria's surface carries a negative charge. To test their opposites-attract hypothesis, they created nanoplastics from polystyrene -- the material in those ubiquitous white clamshell-style takeout boxes -- and applied positive, neutral, or negative charges before introducing the particles to E. coli either free-floating in solution or in biofilms.

"We started with the surface charge. Plastics have an enormous ability to adsorb chemicals. Each chemical has a different effect on surface charge, based on how much chemical is adsorbed and on what kind of plastic," Banerjee said. "We didn't look at the effects of the chemicals themselves in this paper -- that's our next study -- but this is the first step in understanding how the surface charge of plastics impacts pathogenic E. coli response."

The bacteria exposed to positively charged nanoplastics showed stress in multiple ways, not just by producing more Shiga-like toxin. They also took longer to multiply when free-floating and congregated into biofilms more slowly. However, growth eventually rebounded.

Biofilms give bacterial cells a measure of protection thanks to an extracellular coating they develop. To test whether this coating protected against nanoplastic-induced stress, the team dunked comparatively large microplastic particles into the bacterial soup and gave E. coli a week or two to colonize. Then, they introduced the same charged nanoplastics.




The positively charged particles still caused stress -- and enhanced Shiga-like toxin production -- in biofilm-bound E. coli.

"Biofilms are a very robust bacterial structure and are hard to eradicate. They're a big problem in the medical industry, forming on inserts like catheters or implants, and in the food industry," Banerjee said. "One of our goals was to see what happens when this human pathogen, which is commonly transmitted via food, encounters these nanoplastics from the vantage point of a biofilm."

Interactions with plastic particles may be doing more than increasing E. coli'stoxicity; other studies have shown biofilms on microplastics may serve as hotspots for the transfer of antibiotic resistance genes, making the bacteria harder to manage. Banerjee's group has studies underway to look at resistance gene transfer and changes in virulence and transmission patterns of major foodborne pathogens in food products and other environments such as soil.

Banerjee is also affiliated with the Carl R. Woese Institute for Genomic Biology and the Center for South Asian and Middle Eastern Studies at U. of I.
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Capuchin monkeys develop bizarre 'fad' of abducting baby howlers | ScienceDaily
On an island off the coast of Panama lives a population of wild primates with a remarkable culture. White-faced capuchins on Jicaron Island in Coiba National Park use stone tools; and scientists have been monitoring this unique tradition with an array of motion-triggered cameras on the island since 2017. In 2022, doctoral researcher Zoe Goldsborough was looking through the camera trap footage when she found an unusual sighting, something they had never seen in the previous five years of data: a capuchin monkey carrying an infant howler monkey on his back.


						
"It was so weird that I went straight to my advisor's office to ask him what it was," remembers Goldsborough who is conducting her dissertation at MPI-AB. The biologists knew it was a rare animal behavior and so they immediately started investigating. If there was to be more evidence of this occurring on the island, they were confident they would find it: "We had all the footage from cameras on Jicaron for the whole year," says Brendan Barrett, a group leader at MPI-AB and Goldsborough's advisor, "so we could reconstruct the scene to see if this weird behavior was just a one-off, or something bigger."

The influencer

Goldsborough manually dug through the tens of thousands of images and videos collected by all cameras deployed around this time period. She found not one, but four different howler infants being carried. In nearly all cases, the carrier was the same individual: a subadult male she named Joker. These observations raised several questions. How did Joker get these infants? And why did he carry them for days at a time?

"At first, we thought it could be adoption," says Goldsborough. Anecdotes exist of some animals adopting babies of other species. In a well-known case from 2006, a pair of capuchins adopted a baby marmoset and succeeded in raising it into adulthood. But there was a problem with this interpretation: animal adoption is almost always carried out by females, who presumably do it to practice "caring" for infants. "The fact that a male was the exclusive carrier of these babies was an important piece of the puzzle," she adds.

Then, the trail went cold. Goldsborough found no evidence of howler carrying for months. "We'd decided that it was one individual trying something new," says Barrett, "which is not uncommon to see among capuchins. These are deeply curious animals who are constantly exploring the forest and figuring out how they can interact with their world."

Eventually, though, the researchers struck the motherlode: they discovered a series of images and video, timestamped five months later, of more howler infants being carried. The authors called on a howler monkey expert, Lisa Corewyn at Ithaca College, who verified that the babies were separate individuals. "We assumed that Joker was at it again," says Goldsborough. But they soon realized that the carrying behavior had in fact spread to four other capuchins -- all young males.




The spread

Over the course of 15 months, these five capuchins carried 11 different howler monkeys for up to 9-day periods. The camera footage showed the howler babies clinging to the backs or bellies of their young male carriers who appeared to be going about their normal business of travelling or using tools to crack open food sources. The researchers collated the footage on an interactive website documenting the spread of the behavior.

"The complete timeline tells us a fascinating story of one individual who started a random behavior, which was taken up with increasing speed by other young males," says Barrett. The authors describe this as a social tradition or cultural fad -- a behavior that spreads in a population through social learning. It parallels trends observed in other animals, such as killer whales donning "salmon hats" or chimpanzees wearing a blade of grass in their ears like an accessory.

Social learning gone wrong?

The implications of the capuchins' fashion fad, however, are more than skin deep. The howler babies, all less than four weeks old, appear to have been abducted from their parents who were captured on camera calling to infants from nearby trees. Four babies were observed to have perished. The authors suspect that none of the babies survived. "The capuchins didn't hurt the babies," stresses Goldsborough, "but they couldn't provide the milk that infants need to survive."

As is often the case in the natural world, one animal's loss is another animal's gain. But what the capuchins gain from this social tradition is a mystery. The males don't eat the infants, they don't play with them, and they don't receive more attention from their group mates while carrying an infant. "We don't see any clear benefit to the capuchins," says Goldsborough "but we also don't see any clear costs, although it might make tool use a little trickier."

Rethinking animal culture




The research offers the first known documentation of a social tradition in which animals repeatedly abduct and carry infants of another species -- without any clear benefit to themselves. It highlights the ways in which animal culture can parallel our own. Says Barrett: "We show that non-human animals also have the capacity to evolve cultural traditions without clear functions but with destructive outcomes for the world around them."

This, he says, points to a compelling line of inquiry. "The more interesting question is not 'why did this tradition arise?' but rather 'why here?'"

Not just tool users

The white-faced capuchins on Jicaron island have developed a unique tradition of using stone tools to crack open hard foods like nuts and shellfish. Interestingly, the capuchins that use tools on Jicaron are only males -- just like the howler kidnappers -- hinting that these two socially learned traditions might spring from the same source: boredom.

Meg Crofoot, managing director at the MPI-AB and one of the founders of this project, says: "Survival appears easy on Jicaron. There are no predators and few competitors, which gives capuchins lots of time and little to do. It seems this 'luxurious' life set the scene for these social animals to be innovators. This new tradition shows us that necessity need not be the mother of invention. For a highly intelligent monkey living in a safe, perhaps even under-stimulating environment, boredom and free time might be sufficient."

Looking forward

The study's camera trapping period ran from January 2022 to July 2023, and the team does not know to what extent the tradition persisted afterwards as all data has not yet been analyzed. But, if the behavior spreads to other capuchin groups or continues to impact howlers, which are an endangered species on Jicaron, it could become a conservation issue in Coiba National Park.

"Witnessing the spread of this behavior had a profound effect on all of us," says Crofoot. "We therefore feel even more responsible to keep learning from this natural population of primates who, to our knowledge, are the only ones on earth to be practicing this strange tradition."
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Mice use chemical cues such as odors to sense social hierarchy | ScienceDaily
Researchers at the Francis Crick Institute have shown that mice use chemical cues, including odours, to detect the social rank of an unfamiliar mouse and compare it to their own, using this information to determine their behaviour.


						
Like many mammals, mice live in a social hierarchy where some are more dominant than others. This helps to avoid conflict and establish breeding partners.

It has been suggested previously that some mice might display fixed behaviour regardless of who they are interacting with, or that physical properties can give cues about social ranking. However, new research published today in Current Biology shows that mice instead infer an unfamiliar mouse's rank through chemical cues transmitted in the air (odours) or through direct contact (non-volatile scent cues).

The Crick team worked this out using a test where male mice enter a transparent tube at opposite ends, meeting in the middle. In this type of confrontation, a more submissive animal will typically retreat1.

The researchers first looked at interactions in mice who shared the same cage, using this to rank each mouse on a hierarchy, before observing how the mice responded to a set of unfamiliar opponents.

They found that the strangers could recognise each other's rank, compare it to their own, and either retreat or force the other mouse to retreat.

The team then tested the mice in the dark, finding that this did not affect rank recognition, suggesting that cues like physical size or behaviour don't determine recognition of a more aggressive opponent. Similarly, castrating the mice to remove their sex hormones had no impact.




Finally, the team experimentally blocked the two chemosensory systems that mice use -- one for odours in the air (olfactory system) and one for chemical signals transmitted by physical contact (vomeronasal system).

They found no effect when just one of these systems was removed; both needed to be ablated before the mice couldn't recognise opponent rank. This showed that mice use both olfactory and vomeronasal systems to recognise rank and can compensate if one is missing.

Like mice, people can also infer the social status of others around them relative to their own, also using sensory cues, including language, facial expression or clothing.

The next step for the researchers is to investigate which areas of the brain process the information on opponent rank and own rank and initiate a decision to retreat or advance.

Neven Borak, former PhD student in the State-Dependent Neural Processing Laboratory at the Crick and first author, said: "We've shown that mice weigh up strangers using chemical cues and can detect social status without needing an extensive history of confrontations with those specific opponents. This is a fascinating phenomenon that humans do too mostly using visual cues. Our work offers an interesting perspective on social mobility: humans, like mice, can enter a new group of people but still maintain understanding of own social rank and gauge the social status of unfamiliar people."

Jonny Kohl, Group Leader of the State-Dependent Neural Processing Laboratory at the Crick and senior author, said: "We've shown for the first time how mice integrate internal and external information about dominance. This shows that a decision based on relative ranks is made in the brain before mice show either aggression or submissive behaviour, rather than there being fixed differences in behaviours leading to an aggressive or docile mouse."

The State-Dependent Neural Processing Laboratory studies how processes within the brain are impacted by the state of the body. By studying how physiological states, such as pregnancy, stress or sleep, impact neural circuits in mice, the researchers hope to advance a more integrative view of brain physiology in health and disease.
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Experimental painkiller could outsmart opioids -- without the high | ScienceDaily
An experimental drug developed at Duke University School of Medicine could offer powerful pain relief without the dangerous side effects of opioids.


						
The drug, called SBI-810, is part of a new generation of compounds designed to target a receptor on the nerves and spinal cord. While opioids flood multiple cellular pathways indiscriminately, SBI-810, a non-opioid treatment, takes a more focused approach, activating only a specific pain-relief pathway that avoids the euphoric "high" linked to addiction.

In tests in mice, SBI-810 worked well on its own and, when used in combination, made opioids more effective at lower doses, according to the study published May 19 in Cell.

"What makes this compound exciting is that it is both analgesic and non-opioid," said senior study author Ru-Rong Ji, PhD, an anesthesiology and neurobiology researcher who directs the Duke Anesthesiology Center for Translational Pain Medicine.

Even more encouraging: it prevented common side effects like constipation and buildup of tolerance, which often forces patients to need stronger and more frequent doses of opioids over time.

SBI-810 is in early development, but Duke researchers are aiming for human trials soon and they've locked in multiple patents for the discovery.

There's an urgent need for pain relief alternatives. Drug overdose deaths are declining, but more than 80,000 Americans still die each year most often from opioids. Meanwhile, chronic pain affects one-third of the U.S. population.




Researchers said the drug could be a safer option for treating both short-term and chronic pain for those recovering from surgery or living with diabetic nerve pain.

SBI-810 is designed to target the brain receptor neurotensin receptor 1. Using a method known as biased agonism, it switches on a specific signal -- b-arrestin-2 -- linked to pain relief, while avoiding other signals that can cause side effects or addiction.

"The receptor is expressed on sensory neurons and the brain and spinal cord," Ji said. "It's a promising target for treating acute and chronic pain."

SBI-810 effectively relieved pain from surgical incisions, bone fractures, and nerve injuries better than some existing painkillers. When injected in mice, it reduced signs of spontaneous discomfort, such as guarding and facial grimacing.

Duke scientists compared SBI-810 to oliceridine, a newer type of opioid used in hospitals, and found SBI-810 worked better in some situations, with fewer signs of distress.

Unlike opioids like morphine, SBI-810 didn't cause tolerance after repeated use. It also outperformed gabapentin, a common drug for nerve pain, and didn't cause sedation or memory problems, which are often seen with gabapentin.

Researchers said the compound's dual action -- on both the peripheral and central nervous systems -- could offer a new kind of balance in pain medicine: powerful enough to work, yet specific enough to avoid harm.

The study was supported by the NIH and the Department of Defense.

Additional Duke authors include first authors Ran Guo and Ouyang Chen; Sangsu Bang, Sharat Chandra, Yize Li, Gang Chen, Rou-Gang Xie, Wei He, Jing Xu, Richard Zhou, Shaoyong Song, Ivan Spasojevic, Marc G. Caron, William C. Wetsel and Lawrence S. Barak.??




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250519131126.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Invisible currents at the edge: Research team shows how magnetic particles reveal a hidden rule of nature | ScienceDaily
If you've ever watched a flock of birds move in perfect unison or seen ripples travel across a pond, you've witnessed nature's remarkable ability to coordinate motion. Recently, a team of scientists and engineers at Rice University discovered a similar phenomenon on a microscopic scale, where tiny magnetic particles driven by rotating fields spontaneously move along the edges of clusters driven by invisible "edge currents" that follow the rules of an unexpected branch of physics. The research was published in the journal Physical Review Research.


						
"When I saw the initial data -- with streams of particles moving faster along the edges than in the middle -- I said 'these are edge flows!' and we got to work exploring this," said corresponding author Evelyn Tang, assistant professor of physics and astronomy. "What's very exciting is that we can explain their emergence using ideas from topological physics, a field that became prominent due to quantum computers and exotic materials."

In their experiments, the team suspended superparamagnetic colloids -- think tiny magnetic beads about a hundred times smaller than a grain of sand -- in salty water. They then applied a rotating magnetic field, which caused the particles to form crystals in different shapes: Sometimes they formed dense circular clusters, and other times they spread out in sheets with empty holes or "voids."

The experiment got especially interesting when the particles along the outer edges of these shapes started to move faster than the rest, forming a kind of conveyor belt around the border.

"We call this edge flow," said co-first author Aleksandra Nelson, a former postdoctoral fellow in Tang's lab. "It is basically a current that forms naturally around the boundary without anyone pushing it."

To understand why this occurred, the researchers turned to something called topological physics, which is a way of describing systems where movement or behavior is controlled by the overall shape or layout rather than the exact details.

"Topology is like the highway signs that determines the traffic flow," said co-author Sibani Lisa Biswal, the William M. McCardell Professor in Chemical Engineering. "Even if there are construction or potholes, the traffic still flows the same way because the route is set by the system's shape. That's what topology is -- rules that hold up even in messy or noisy conditions."

In this case, the "rules" predicted that rotating magnetic particles would generate movement along the edges of whatever shape they formed -- whether it was a cluster or a void. And that's exactly what the team observed under the microscope.




Interestingly, the type of motion depended on the shape. When particles formed free-floating clusters, the edge flow caused the whole cluster to spin like a tiny wheel. But when the particles formed larger sheets with voids, the edges still had movement, but the overall structure didn't rotate.

Tang explained that this phenomenon happened because in clusters, the particles were free to turn together like dancers in a circle. But in sheets with voids, the surrounding material held them in place, so the edge motion had to spread inward instead of rotating. This difference also changed how quickly the entire system reorganized. Clusters could change shape and merge within minutes, while sheets with voids took much longer.

The ability to control how particles move and organize themselves may seem like a niche discovery, but it has broad implications. Understanding how to direct motion in crowded, dynamic systems could inform the design of responsive materials such as targeted drug delivery, adaptive surfaces or swarms of microbots.

"We're learning how to control collective behavior using simple physical principles," said co-first author Dana Lobmeyer, a recent graduate in Biswal's lab. "This is a step toward creating materials that can sense their environment and respond intelligently without needing a computer or instructions."

Although the experiments used synthetic particles, the team sees parallels in biology too. Many cell clusters rotate during development or healing, raising the possibility that similar physical principles are at work inside living organisms.

"This is the beauty of science," Tang said. "We're taking a concept from fundamental math and statistical physics to apply it to everyday materials. It's a reminder that the same elegant rules can show up right in the lab next door."

This research was supported by the National Science Foundation and The Kavli Foundation.
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Researchers find CRISPR is capable of even more than we thought | ScienceDaily
Every living creature on Earth needs to protect itself from things that would do it harm. Bacteria are no different. And despite their relative simplicity, they deploy remarkably savvy defensive strategies against viral invaders. The most well-known is CRISPR-Cas9, adapted for human use as the first FDA-approved genetic editing technique.


						
In the past year, researchers at Rockefeller's Laboratory of Bacteriology, headed by Luciano Marraffini, and at the MSKCC's Structural Biology Laboratory, headed by Dinshaw Patel, have been studying key immune components of some CRISPR systems called CARF effectors. These newly discovered weapons take different approaches to achieving the same goal: arresting cellular activity, which prevents a virus from spreading through the rest of the bacterial population.

In a recent publication in Science, the scientists announce the newest CARF effector they've discovered, which they coined Cat1. Thanks to an unusually complex molecular structure, this protein can deplete a metabolite essential for cellular function. Left without fuel, the viral invader's plans for a further onslaught are brought to a grinding halt.

"The collective work of our labs is revealing just how effective -- and different -- these CARF effectors are," says Marraffini. "The range of their molecular activities is quite amazing."

Multiple defense systems

CRISPR is a mechanism in the adaptive immune systems of bacteria and other certain single-cell organisms that offers protection against viruses, called phages. The six types of CRISPR systems work roughly the same way: A CRISPR RNA identifies foreign genetic code, which triggers a cas enzyme to mediate an immune response, often snipping off the invader material.

But an increasing body of evidence indicates that CRISPR systems deploy a wide variety of defensive strategies beyond genetic scissors. Marraffini's lab has led the way on much of this research. In particular, they have been studying a class of molecules in CRISPR-Cas10 systems called CARF effectors, which are proteins that are activated upon phage infection of a bacterium.




CARF effector immunity is believed to work by creating an inhospitable environment for viral replication. For example, the Cam1 CARF effector causes membrane depolarization of an infected cell, while Cad1 triggers a sort of molecular fumigation, flooding an infected cell with toxic molecules.

Metabolic freeze

For the current study, the researchers wanted to try to identify additional CARF effectors. They used Foldseek, a powerful structural homology search tool, to find Cat1.

They found that Cat1 is alerted to the presence of a virus by the binding of secondary messenger molecules called cyclic tetra-adenylate, or cA4, which stimulate the enzyme to cleave an essential metabolite in the cell called NAD+.

"Once a sufficient amount of NAD+ is cleaved, the cell enters a growth-arrest state," says co-first author Christian Baca, a TPCB graduate student in the Marraffini lab. "With cellular function on pause, the phage can no longer propagate and spread to the rest of the bacterial population. In this way, Cat1 is similar to Cam1 and Cad1 in that they all provide population-level bacterial immunity."

Unique complexity

But while its immune strategy may be similar to these other CARF effectors, its form is not, as co-first author Puja Majumder, a postdoctoral research scholar in the Patel Lab, revealed through detailed structural analysis using cryo-EM.




She found that the Cat1 protein has a surprisingly complex structure in which Cat1 dimers are glued by cA4 signal molecule, forming long filaments upon viral infection, and trap the NAD+ metabolites within sticky molecular pockets. "Once the NAD+ metabolite is cleaved by Cat1 filaments, it's not available for the cell to use," Majumder explains.

But the protein's singular structural complexity doesn't stop there, she adds. "The filaments interact with each other to form trigonal spiral bundles, and these bundles can then expand to form pentagonal spiral bundles," she says. The purpose of these structural components remains to be investigated.

Also unusual is the fact Cat1 often seems to work alone. "Normally in type III CRISPR systems, you have two activities that contribute to the immunity effect," Baca says. "However, most of the bacteria that encode Cat1 seem to primarily rely on Cat1 for their immunity effect."

Marraffini says these findings pose intriguing new questions. "While I think we've proven the big picture -- that CARF effectors are great at preventing phage replication -- we still have a lot to learn about the details of how they do it. It will be fascinating to see where this work leads us next."
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Study reveals healing the ozone hole helps the Southern Ocean take up carbon | ScienceDaily
New research suggests that the negative effects of the ozone hole on the carbon uptake of the Southern Ocean are reversible, but only if greenhouse gas emissions rapidly decrease.


						
The study, led by the University of East Anglia (UEA), finds that as the ozone hole heals, its influence on the ocean carbon sink of the Southern Ocean will diminish, while the influence of greenhouse gas (GHG) emissions will rise.

Relative to its area, the Southern Ocean takes up a disproportionate amount of carbon, which reduces the radiative effects of carbon in the atmosphere and strongly mitigates human-caused climate change. Therefore, knowing how much carbon it will absorb, and what controls this carbon uptake, is important.

Scientists from the UEA and the National Centre for Atmospheric Science (NCAS), in the UK, looked at the relative role of ozone and GHG emissions in controlling the circulation of the Southern Ocean around Antarctica, focusing on how it would impact the carbon uptake.

They were interested in how the amount of atmospheric carbon taken up by the Southern Ocean has changed in the 20th century, and how it will change over the 21st century. Their findings are published today in the journal Science Advances.

Lead author Dr Tereza Jarnikova, of the Tyndall Cente for Climate Change Research at UEA, said: "An interesting, and hopeful, highlight of this work is that the effects of human-caused ozone hole damage on the winds, circulation, and carbon uptake of the Southern Ocean are reversible, but only under a lower scenario of greenhouse gas emissions."

The Southern Ocean takes up lots of atmospheric carbon because of its unique circulation and properties. Winds have intensified in past decades due to the loss of stratospheric ozone, acting to reduce the uptake of carbon.




As the ozone hole recovers, however, the study shows this phenomenon could reverse. At the same time, increasing GHG emissions could also lead to stronger winds, so how the Southern Ocean circulation will behave in the future, and therefore how much carbon this ocean will take up, is uncertain.

"We found that in the past decades, the depletion of ozone led to a relative reduction of the carbon sink, in general because of a tendency of the stronger winds to bring higher-carbon water from depth up to the surface of the ocean, making it less suitable for taking up atmospheric carbon," said Dr Jarnikova.

"This isn't true in the future: in the future, the influence of ozone on the winds, and therefore on the Southern Ocean, diminishes, and it's replaced by the increasing influence of greenhouse gas emissions, which also lead to strong winds."

The study alsoshows that in the future, changes in ocean circulation will have less influence on carbon uptake than they had in the past, because of the changing distribution of carbon between the surface and the deep ocean.

The team used an Earth system model (UKESM1) to simulate three sets of ozone conditions for the time period 1950-2100: a world where the ozone hole never opened; a realistic world where the ozone hole opened but started healing following the adoption of the 1987 Montreal protocol that banned ozone depleting substances; and a world where the ozone hole persisted at its 1987 size throughout the 21st century.

They also simulated two future greenhouse gas scenarios: a low emissions scenario and a high emissions scenario, and then calculated how the main physical features of the ocean change over the 150 simulated years, as well as how the amount of carbon taken up by the ocean changes in response to these physical changes.

This work was funded by the UK Natural Environment Research Council and the Royal Society.
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Overlooked cell type orchestrates brain rewiring | ScienceDaily
Researchers at Washington University School of Medicine in St. Louis have upended decades-old dogma of how connections between brain cells are rearranged during states of heightened vigilance or attention. The team found that a brain chemical associated with alertness, attention and learning alters brain connectivity and function not by acting directly on neurons, the cells known for their quick transmission of information, but through the work of astrocytes, another, slower-acting type of brain cell that is often overlooked in the field of neuroscience.


						
The discovery, published in Science May 15, fundamentally changes current understanding about the determinants of brain network communication and activity. It also calls for greater focus on astrocytes as therapeutic targets in the treatment of attention, memory and emotional disorders.

"Textbooks tell us that neuromodulators like norepinephrine fine-tune neurons directly -- in fact, textbooks tell us that everything in the brain is about neurons," said Thomas Papouin, PhD, assistant professor of neuroscience at WashU Medicine and the senior author of the study. "It seems that a lot of brain wiring and activity is probably orchestrated by astrocytes, on slower timescales. This is the type of discovery that profoundly reshapes our understanding of how the brain works."

From the brain's wallflower to center stage

For the brain to dedicate itself to tasks that need attention, or to respond to unexpected stimuli like a fire alarm, it needs to be able to rewire itself by changing how brain cells communicate. This process is driven by the release of chemicals known as neuromodulators, including norepinephrine, in the brain. How these neuromodulators reorganize communication in the brain is poorly understood. The assumption for the past 80 years has been that neuromodulator chemicals act on neurons.

Meanwhile, for at least 30 years astrocytes have been shown to contact and interact with synapses, which are the specialized structures where neurons communicate with one another. Researchers have long suspected that astrocytes had the potential to rearrange communication between neurons and, therefore, the flow of information in the brain.

Because of their very fine and sprawling shape, these cells are ideally positioned to monitor and detect neuromodulators like norepinephrine. "We wanted to test the idea that perhaps neuromodulation of synapses by norepinephrine is an astrocyte business," Papouin said.




To do so, Papouin and his team stimulated norepinephrine secretion from mouse brain cells or exposed mouse brain slices to norepinephrine and found that norepinephrine weakened connections between neurons, as known for decades. However, researchers found that norepinephrine also triggered activity among surrounding astrocytes. Once triggered by norepinephrine, astrocytes produced a second chemical that they released onto synapses, which caused the dampening of synapse activity. Even when neurons' ability to directly sense norepinephrine was removed, norepinephrine was still able to rearrange neuronal connections. When astrocytes' ability to sense or respond to norepinephrine were taken offline, on the other hand, norepinephrine was unable to reorganize neuronal connectivity.

Their findings indicate that neuromodulators such as norepinephrine rearrange neuronal connections in the brain by signaling through astrocytes rather than directly onto neurons.

The results also suggest that targeting astrocytes could be an effective way to reshape brain activity to potentially treat brain disorders. Papouin's team has started looking at existing drugs that are believed to act on neurons, to see if they require astrocytes to be effective. If so, perhaps astrocytes could be targeted directly for therapeutic purposes.

"There are so many drugs out there that interfere with norepinephrine signaling in the brain, in particular in the treatment of ADHD or depression. I wonder how many of them require astrocytes to modify brain activity," said Papouin.
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One in ten asthma cases can be avoided with a better urban environment | ScienceDaily
The combination of air pollution, dense urban development and limited green spaces increases the risk of asthma in both children and adults. This is shown by a new study conducted as part of a major EU collaboration led by researchers from Karolinska Institutet.


						
The study covers nearly 350,000 people of different ages, from 14 cohorts in seven European countries. Information on home addresses of each individual made it possible to link data on various environmental risks in the urban environment to individual people. The environmental exposures included were air pollution, outdoor temperatures, and the level of urban density. The assessment was partly based on satellite images showing grey, green, or blue areas, i.e., where there were buildings, green spaces, or water.

"Previous studies have typically calculated the risk of one environmental factor at a time. We have combined several environmental factors and described how they together affect the risk of developing asthma. This provides a better picture of environmental risks, as life in a city usually involves exposure to several environmental risk factors at the same time," says first author Zhebin Yu, researcher and assistant professor at the Institute of Environmental Medicine at Karolinska Institutet.

During the study period, nearly 7,500 of the study participants developed asthma as children or adults. The researchers found that 11.6 per cent of asthma cases could be explained by the combination of environmental factors. Or, to put it another way, in a favourable environment, approximately one in ten people with asthma would not have developed the disease. The combination of air pollution, lack of green spaces, and dense urban development was most relevant for the development of asthma.

"This is useful for politicians and others involved in urban planning. The method makes it possible to identify risk areas in existing urban areas, but it can also be used when planning future urban environments," says Erik Melen, professor at the Department of Clinical Research and Education, Sodersjukhuset, and last author of the study.

The next step for the researchers is to examine blood samples from some of the study participants. The aim is to identify their metabolome, i.e., a composite picture of the body's metabolism and breakdown products. The purpose is to understand how external environmental factors affect the body, which could provide a better understanding of how asthma develops.

The study was conducted in collaboration between various research groups within the framework of the EU project EXPANSE. The researchers involved in the project are also investigating how the risk of other diseases such as stroke, heart attack, COPD and diabetes, is affected by individual exposomes, i.e., the total exposure to many environmental factors.

The study was funded by the EU's Horizon 2020 programme (EXPANSE, No 874627), the Swedish Research Council, Forte (the Swedish Research Council for Health, Working Life and Welfare), the Swedish Heart-Lung Foundation and Region Stockholm, among others.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250516134549.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Rising temperatures lead to unexpectedly rapid carbon release from soils | ScienceDaily
Globally, soils store more than twice as much carbon as the atmosphere. Therefore, carbon uptake and release by soils constitutes a strong regulator of atmospheric concentrations of the greenhouse gas carbon dioxide (CO2). In the context of the ongoing anthropogenic climate change it is thus important to better understand the sensitivity of soil carbon, which is directly related to the release of CO2 from soils, under a changing climate, such as rising temperatures and/or variations in the hydrological cycle.


						
Studies have already highlighted the importance of permafrost regions, where rising temperatures lead to the release of carbon from previously frozen soils. However, large amounts of organic carbon are also stored in soils in subtropical and tropical regions. In these regions, it was previously unclear what the main factor for a change in the carbon turnover rate was. "Microbes that break down organic matter are generally more active under warm and humid conditions, so the carbon content in tropical soils responds very quickly to climatic changes. Some studies report a main influence of changing hydroclimatic conditions, while in others temperature plays the main role," explains first author Dr. Vera Meyer from MARUM.

Deposits provide a glimpse into the past

To shed more light on these large-scale processes, Meyer and her colleagues chose a rather unconventional approach. Instead of studying soils, they analyzed the age of land-derived organic matter that was transported from soils from the Nile to the Mediterranean and deposited near the river mouth. The Nile transports material from a huge catchment area in the subtropical to tropical regions of north-east Africa to the eastern Mediterranean. The samples for the study come from a coastal marine sediment core in which the age evidence of many thousands of years has been deposited. Such sediment cores therefore allow a much longer look back into times in the Earth's history when the climate was significantly different from today and changed considerably. "The age of the organic material delivered by the Nile essentially depends on two factors: how long it was in the soils, and how long it took to be transported in the river. The advantage of our approach is that long time scales can be investigated, in this case the last 18,000 years since the last ice age," says Dr. Enno Schefuss, also from MARUM.

The results surprised the researchers and showed something unexpected: the ages of the land carbon changed only slightly with changes in precipitation and the associated changes in runoff, but reacted strongly to changes in temperature. In addition, the change in ages due to the temperature increase after the last ice age was significantly greater than expected. This means that the post-glacial warming drastically accelerated the decomposition of organic matter by microorganisms in soils and caused a much stronger outgassing of CO2 from (sub-)tropical soils than predicted by carbon cycle models. Co-author Dr. Peter Kohler from AWI Bremerhaven says: "The fact that the models underestimate carbon release from soils so strongly shows us that we need to revise the sensitivity of soil carbon in our models."

However, this effect not only contributed to the increase in atmospheric CO2 concentration at the end of the last ice age, but also has far-reaching consequences for the future: the carbon turnover in soils will accelerate with further global warming and could further increase the atmospheric CO2 concentration via a previously underestimated feedback.

The study was funded as part of the Cluster of Excellence "Ocean Floor - Earth's Uncharted Interface." The cluster is based at MARUM at the University of Bremen. The aim of these comprehensive investigations is to decipher the fate of carbon from various sources in the marine environment.
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Ancient ocean sediments link changes in currents to cooling of Northern Hemisphere 3.6 million years ago | ScienceDaily
New research from an international group looking at ancient sediment cores in the North Atlantic has for the first time shown a strong correlation between sediment changes and a marked period of global cooling that occurred in the Northern Hemisphere some 3.6 million years ago. The changes in sediments imply profound changes in the circulation of deep water currents occurred at this time.


						
This crucial piece of work, which showed sediments changed in multiple sites east of the mid-Atlantic ridge but not west of that important geographical feature, opens multiple doors to future research aimed at better understanding the link between deep water currents, Atlantic Ocean heat and salt distribution and ice-sheet expansion, and climatic change.

The new work, just published in leading international journal Nature Communications was led by Dr Matthias Sinnesael from Trinity College Dublin's School of Natural Sciences and Dr Boris Karatsolis from Vrije Universiteit Brussel.

"In recent decades, humanity has increasingly felt the impacts of global warming," said Dr Sinnesael. "From rising sea levels that endanger coastal cities to heatwaves and floods, the world is currently living within the 'storm' of extreme weather events. Collectively, the short-term daily-to-monthly changes in weather that persist over long periods, eventually become part of the climate, which constitutes the long-term average state of these weather conditions. At the same time, changes in climate can act in timescales larger than humanity itself, influenced by complex interactions between various processes like plate tectonics, greenhouse gases, biotic evolution, and ocean circulation patterns."

Climate researchers around the world aim to understand these long-term processes and the effect they have on climate, as well as to decouple them from the ones humans are inducing,. To do that, they target major climatic systems (e.g., icesheets, river and ocean basins) and look for clues of their evolution in past periods of Earth's history.

One of the most crucial systems for Earth's climate is the ocean "conveyor belt" -- a set of currents that act together to redistribute heat on the global ocean. The Gulf Stream is the upper limb of this belt, known for bringing warm waters from the tropics to higher latitudes, resulting in the relatively mild climate that western Europe is experiencing today.

The lower limb of the "conveyor belt" acts in the deeper ocean and consists of three main systems of southward flowing currents, the Iceland Scotland Overflow Water (ISOW), the Denmark Strait Overflow water (DSOW) and the Labrador Sea Water (LSW). Together, they form the return flow known as the North Atlantic deep water (NADW).




Dr Karatsolis said: "Concerns have been growing that the conveyor belt is slowing down due to ocean warming and ice melting, with serious implications for all life on Earth and in the oceans."

"To be able to predict how -- and why -- these changes may occur, we first need to understand what happened when things shifted in the deep past. Our chief aim with this work was to reconstruct the past activity of the "conveyor belt" during a period of Earth's history when temperatures and CO2 concentrations were higher than today but similar to the ones projected for the next hundreds of years."

Drs Sinnesael and Karatsolis led this study as part of an international, multidisciplinary project, implemented by the International Ocean Discovery Program. The project, with the code name "IODP Expedition 395/395C," involved two seagoing research expeditions in the North Atlantic (summer of 2021 and 2023) and focused on recovering and investigating deep sea sediments.

These sediments are nowadays transported in the bottom of the ocean by strong deep-sea currents related to the lower limb of the "conveyor belt" (ISOW and DSOW) and therefore hold information about the activity of the NADW in hundred-to-million-year timescales.

Although this area had been previously drilled, "IODP Expeditions 395C/395" managed to go deeper and therefore investigate the sediment deposition during a warmer-than-present period of Earth's history that occurred roughly 5 to 2.8 million years ago.

Key Results

After analysing the composition and the physical properties of the sediments, the scientists noticed a remarkable change in the type of sediments they were retrieving: a pale looking carbonate mud very sharply transitioned into a dark grey pile of fine silt and clay particles.




Interestingly, they kept finding the same change in multiple sites located to the east of mid-Atlantic ridge, all related to the ISOW deep current system. In contrast, the sites west of the mid-Atlantic ridge do not show much change, looking rather the same throughout the studied interval.

Dr Sinnesael added: "After detailed further investigations in turns out that the changes seen in sediments east of the mid-Atlantic ridge all happened around the same time -- about 3.6 million years ago. The timing of this change is intriguing as it coincides with a period of strong cooling and the development of large ice bodies on the Northern Hemisphere."

"We must be careful not to infer a cause and effect relationship before we understand the system more completely, but the most intuitive way to interpret the change in the type of sediment is to assume it reflects a fundamental shift in ocean circulation in the North Atlantic Ocean, which is likely related to strong formation of deep-water currents -- much like we know them today -- in the eastern part of the Atlantic Ocean."

"Further research will refine our understanding of the link between deep ocean circulation and the development of contemporaneous ice sheets, and help us predict what is likely to come in the future."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250516134410.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Wild orangutans show communication complexity thought to be uniquely human | ScienceDaily
In groundbreaking work from The University of Warwick, researchers have found that wild orangutans vocalise with a layered complexity previously thought to be unique to human communication, suggesting a much older evolutionary origin.


						
Consider the phrase -- 'This is the dog that chased the cat that killed the rat that ate the cheese'. It is a simple sentence comprised of repeated verb noun phrases -- 'chased the cat', 'ate the cheese' -- and is an example of layered complexity called recursion.

Recursion is the repetition of language elements in an embedded way so that they form a comprehensible thought/phrase. Like Russian nesting dolls, the power of recursion mean we can combine a finite set of elements to deliver an infinite array of messages with increasing complexity.

It is widely believed that nested communication is a unique feature of human language, allowing us greater complexity of thought, but research from The University of Warwick, published today in Annals of The New York Academy of Sciences, tells a different story.

Dr. Chiara De Gregorio, Research Fellow at The University of Warwick, who performed this work alongside Adriano Lameira (also Warwick) and Marco Gamba (University of Torino), said: "When analysing the vocal data of alarm calls from female Sumatran orangutans, we found that the rhythmic structure of orangutans' sounds made were self-embedded across three levels -- an impressive third-order recursion. Finding this feature in orangutan communication challenges the idea that recursion is uniquely human."

The three-layered (recursive) structure of the orangutan's calls was as follows:
    	Individual sounds made by orangutans occurred in small combinations (first layer)
    	These combinations could be grouped into larger bouts (second layer)
    	And these bouts could be grouped into even larger series (third layer), all with a regular rhythm at each level

Just like a musical piece with repeating patterns, orangutans nested one rhythm inside another, and then another, creating a sophisticated multi-layered vocal structure, not thought possible by non-human great apes.




This pattern wasn't accidental because orangutans also changed the rhythm of their alarm calls depending on the type of predator they encounter: When they saw a real threat, like a tiger, their calls were faster and more urgent. When they saw something that seemed like a threat but lacked the credibility of a real danger (like a cloth with colourful spots), their calls were slower and less regular.

This ability to adapt vocal rhythms to different dangers shows that orangutans aren't just making noise, they are using structured vocal recursion to carry meaningful information about the outside world.

"This discovery shows that the roots of one of the most distinctive features of human language -- recursion -- was already present in our evolutionary past," adds lead author Dr. De Gregorio. "Orangutans are helping us understand how the seeds of language structure might have started growing millions of years ago."

This research presents the first empirical support for the idea that these powerful recursive capacities could have been selected for and evolved incrementally in a much earlier ancestor.
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New auditory brainstem implant shows early promise | ScienceDaily
A new study co-led by Mass General Brigham researchers points to a promising new type of auditory brainstem implant (ABI) that could benefit people who are deaf due to Neurofibromatosis type 2 (NF2) and other severe inner ear abnormalities that prevent them from receiving cochlear implants. With further tests and trials, researchers hope it will provide a more effective treatment alternative than what is currently used.


						
In the new research, published in Nature Biomedical Engineering, scientists at Mass Eye and Ear, a member of the Mass General Brigham healthcare system, collaborated with scientists at the Ecole Polytechnique Federale de Lausanne (EPFL) in Geneva, Switzerland, to report on a new class of soft, flexible ABIs that were designed to address the limitations of those currently used. These implants bypass damaged auditory structures and directly stimulate the brainstem's sound-processing region to restore auditory function.

The new ABI was borne out of a decade-long collaboration between Mass Eye and Ear and EPFL scientists. It features an elastic, multilayer construct that includes ultra-thin platinum electrodes and silicone, a novel design that allows it to conform closely to the brainstem's curved surface.

Conventional ABIs that are sometimes used in patients with NF2 rely on stiff electrodes that struggle to conform to the curved surface of the cochlear nucleus in the brainstem. That limits their effectiveness to modest benefits, typically providing only basic sound awareness to aid lip reading. The design can also cause side effects like discomfort that discourages long-term use.

The novel, soft electrode design was developed using advanced thin-film processing techniques, allowing for closer contact and more precise stimulation. In preclinical tests conducted in Switzerland, two macaques received the implants and underwent several months of behavioral testing. Results showed the animals could consistently distinguish between different patterns of stimulation -- which indicated high-resolution auditory perception, a promising sign for eventual human use.

"While cochlear implants are life-changing for many, there remains a group of patients for whom current technology falls short," said study co-senior author Daniel J. Lee, MD, FACS, Ansin Foundation Chair in Otolaryngology at Mass Eye and Ear. "Our research lays the groundwork for a future auditory brainstem implant that could improve hearing outcomes and reduce side effects in patients who are deaf and do not benefit from the cochlear implant."
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Log in to your computer with a secret message encoded in a molecule | ScienceDaily
Molecules like DNA are capable of storing large amounts of data without requiring an energy source, but accessing this molecular data is expensive and time consuming. Publishing May 16 in the Cell Press journal Chem, researchers have developed an alternative method to encode information in synthetic molecules, which they used to encode and then decode an 11-character password to unlock a computer.


						
"Molecules can store information for very long periods without needing power. Nature has given us the proof of principle that this works," says corresponding author and electrical engineer Praveen Pasupathy of the University of Texas at Austin. "This is the first attempt to write information in a building block of a plastic that can then be read back using electrical signals, which takes us a step closer to storing information in an everyday material."

Traditional storage devices like hard drives and flash drives have drawbacks, such as high maintenance costs, energy consumption, and short lifespans that make them unsuitable for long-term data archiving. Molecules could provide an alternative option, and prior studies have shown that DNA and synthetic polymers can be designed to effectively store information. However, decoding these molecules usually involves expensive pieces of equipment, for example, mass spectrometers.

To make molecular messages that are easier to write and read, the team decided to try a different approach: designing molecules that contain electrochemical information -- a method that allows messages to be decoded using electrical signals.

"Our approach has the potential to be scaled down to smaller, more economical devices compared to traditional spectrometry-based systems," says senior author and chemist Eric Anslyn of the University of Texas at Austin. "It opens exciting prospects for interfacing chemical encoding with modern electronic systems and devices."

To start, the team built an alphabet of characters using four different monomers, or molecular building blocks with different electrochemical properties. Each character was composed of different combinations of the four monomers, which yielded a total of 256 possible characters. To test the method, they used the molecular alphabet to synthesize a chain-like polymer representing an 11-character password ('Dh&@dR%P0WC/'), which they subsequently decoded using a method based on the molecules' electrochemical properties.

The team's decoding method takes advantage of the fact that certain chain-like polymers can be broken down by removing one building block at a time from the end of the chain. Since the monomers were designed to have unique electrochemical properties, this step-by-step degradation results in electrical signals that can be used to decipher the sequential identity of the monomers within the polymer.




"The voltage gives you one piece of information -- the identity of the monomer currently being degraded -- and so we scan through different voltages and watch this movie of the molecule being broken down, which tells us which monomer is being degraded at which point in time," says Pasupathy. "Once we pinpoint which monomers are where, we can piece that together to get the identities of the characters in our encoded alphabet."

One downside of the method is that each molecular message can only be read once, since decoding the polymers involves degrading them. The decoding process also takes time -- around 2.5 hours for the 11-character password -- but the team are working on methods to speed up the process.

"While this method does not yet overcome the destructive or time-intensive aspects of sequencing, it takes a first step toward the ultimate goal of developing portable, integrated technologies for polymer-based data storage," says Anslyn. "The next step is to interface the polymers with integrated circuits, where the computer chips become the readout system for the stored information."

This research was supported by the Keck Foundation, the National Science Foundation, the ARO, and the Welch Reagents Chair.
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In healthy aging, carb quality counts | ScienceDaily
Intakes of dietary fiber, high-quality and total carbohydrates in midlife were favorably linked to healthy aging and other positive health outcomes in older women, according to a new study by researchers from the Jean Mayer USDA Human Nutrition Research Center on Aging (HNRCA) at Tufts University and Harvard T.H. Chan School of Public Health. The study was published May 16 in the journal JAMA Network Open.


						
"We've all heard that different carbohydrates can affect health differently, whether for weight, energy, or blood sugar levels. But rather than just look at the immediate effects of these macronutrients, we wanted to understand what they might mean for good health 30 years later," said Andres Ardisson Korat, a scientist at the HNRCA and lead author of the study. "Our findings suggest that carbohydrate quality may be an important factor in healthy aging."

The researchers analyzed data from Nurses' Health Study questionnaires collected every four years between 1984 and 2016 to examine the midlife diets and eventual health outcomes of more than 47,000 women who were between the ages of 70 and 93 in 2016. Intakes of total carbohydrates, refined carbohydrates, high-quality (unrefined) carbohydrates, carbohydrates from whole grains, fruits, vegetables, and legumes, dietary fiber, and the dietary glycemic index and glycemic load were derived from the validated food-frequency questionnaires. The researchers defined healthy aging as the absence of 11 major chronic diseases, lack of cognitive and physical function impairments, and having good mental health, as self-reported in the Nurses' Health Study questionnaires. In the new study, 3,706 participants met the healthy aging definition.

The analysis showed intakes of total carbohydrates, high-quality carbohydrates from whole grains, fruits, vegetables, and legumes, and total dietary fiber in midlife were linked to 6 to 37% greater likelihood of healthy aging and several areas of positive mental and physical health. In the other direction, intakes of refined carbohydrates (carbohydrates from added sugars, refined grains, and potatoes) and starchy vegetables were associated with 13% lower odds of healthy aging.

"Our results are consistent with other evidence linking consumption of fruits and vegetables, whole grains, and legumes with lower risks of chronic diseases, and now we see the association with physical and cognitive function outcomes," said senior author Qi Sun, associate professor in the departments of nutrition and epidemiology at Harvard Chan School.

The authors note as a limitation that the study population was composed mostly of white health professionals; future research will be necessary to replicate these findings in more diverse cohorts.

Ardisson Korat also noted that additional work is needed to understand the potential mechanisms linking dietary fiber and high-quality carbohydrates to healthy aging.

"Studies are starting to find an association between food choices in midlife and quality of life in later years. The more we can understand about healthy aging, the more science can help people live healthier for longer," added Ardisson Korat.

The study was supported by a cooperative agreement with the U.S. Department of Agriculture's Agricultural Research Service and by the National Institutes of Health under award numbers K12TR004384, R01DK120870, U2CDK129670, R01DK127601, R01HL060712. The Nurses' Health Study is supported by the National Institutes of Health under award numbers UM1CA186107, P01CA087969, R01HL034594, R01HL035464, and R01HL088521. Complete information on authors, methodology and conflicts of interest is available in the published paper. The content is the sole responsibility of the authors and does not necessarily represent the official views of the U.S. Department of Agriculture or the National Institutes of Health.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250516133230.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Very different mammals follow the same rules of behavior | ScienceDaily
In the natural world -- where predators pounce, prey flee, and group members feed and sleep in solidarity -- animal behavior is glorious in its variety. Now, new research suggests there may be an underlying architecture that orders the movements of animals as they go about their very different lives. And it's more widespread than previously imagined.


						
In a study spanning meerkats in the Kalahari desert, coatis in Panama's rainforest, and spotted hyenas in Kenya's savanna, researchers have discovered that the daily actions of these animals show surprisingly similar patterns. Whether a meerkat scratches in the sand for scorpions or a coati rests in the canopy, a shared ordering of the behaviors persists across different landscapes, species, individuals, and types of behaviors. To the international team of fourteen authors, led by researchers at the Max Planck Institute of Animal Behavior, the findings are unexpected and -- possibly -- profound.

"We assumed there would be differences," said Pranav Minasandra, a postdoctoral researcher at MPI-AB and lead author of the study in PNAS. After all, differences are apparent when comparing meerkats, coatis, and hyenas, which occupy dissimilar environments and ecological roles. "But we found common patterns in how animals switch between behaviors, regardless of what species and which individual. It's as if their behavior was built on the same hidden algorithm."

Uncovering underlying patterns

The hidden algorithm came to light in data that were collected from wild animals tagged with accelerometers -- the same small sensors in phones and watches that track our activity. The species studied are all social mammals, but they differ in their ecology and behavior. Spotted hyenas are large carnivores, meerkats are small burrowing animals, and coatis are racoon-sized tree-dwellers. Accelerometers measure posture changes many times each second and the recordings can continue for several days. These high-resolution motion traces collected from animals were then classified using machine learning into behavioral states like lying, foraging, and walking. For instance, a meerkat might lie down for 10 minutes then briefly stand up to look around for 20 seconds before moving around to search for food for another few minutes.

"This approach allowed us to capture detailed behavioral sequences over days and even weeks from multiple individuals across three distinct species," says Ariana Strandburg-Peshkin, group leader at MPI-AB and senior author on the study.

Across behaviors, individuals, and species, one common principle emerged: the longer an animal stays in one behavioral state, the less likely it is to change it in the next moment. "This was unexpected," adds Minasandra.




Imagine a hyena walking continuously for 10 minutes. Most people would probably guess that the hyena would be more likely to stop over time, and the authors did too. "We originally thought the probability of switching behaviors would increase over time, as we assumed it would not be optimal to lock-in to any behavior." Remarkably, this kind of lock-in, also called a decreasing hazard function, was consistent across all studied animals and species.

The authors further examined how current behavior predicts future actions -- a concept they call "predictivity decay." Predictivity decay reflects the increasing difficulty in predicting behavior the further we look into the future, primarily due to random, unpredictable variations. The shape of the decay graph conveys how decision-making systems across different timescales interact to generate animals' behavioral sequences. "We found that the pattern of predictivity decay was remarkably consistent across all animals studied, implying a shared architecture beneath the surface."

Why these patterns?

The study raises a big question: Why do such patterns occur? The authors propose two broad explanations.

First is positive feedback: the longer an animal remains in a state -- say, lying down -- the more likely that staying put is rewarded, whether because it's warm, safe, or socially reinforced. Behavior becomes self-reinforcing.

The second possibility is multi-timescale decision-making. Instead of a single internal clock governing when to switch behaviors, animals may integrate cues from many processes -- internal hunger, external threats, social context -- each with its own tempo. The interplay of these overlapping signals could generate the observed patterns.

Future studies may explore whether these patterns hold in other animals beyond the three mammals in the study: non-social species, across developmental stages, or under different ecological pressures. There's also the question of whether these long-time behaviors offer advantages -- perhaps by optimizing attention, conserving energy, or enhancing group coordination.

Says co-author Meg Crofoot, Director of the Department for the Ecology of Animal Societies: "What this study suggests is that real animals, be they hunting, hiding, or resting, are guided by hidden structures that seem to echo across life's branches."
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New gene editor enables greater precision | ScienceDaily
Ask scientists what gene editing tool is most needed to advance gene therapy, and they'd probably describe a system that's now close to realization in the labs of Samuel Sternberg at Columbia University Vagelos College of Physicians and Surgeons and David Liu at the Broad Institute of MIT and Harvard.


						
The gene editor -- called evoCAST -- goes a long way toward solving a problem that has confounded the development of gene therapies from the field's beginnings: How to add long stretches of DNA to defined locations in the human genome without creating unwanted modifications.

The latest iteration of the editor, which utilized complex enzymes found in bacteria, can be programmed to insert an entire gene -- or multiple genes -- into a specific location in the human genome with an efficiency suitable for gene therapy. Details of the editor are described in a paper published May 15 in Science.

The need for an advanced gene editor

CRISPR-Cas, viruses, and other editing systems have enabled dozens of genetic medicines now being developed for patients, but all current methods have drawbacks. Some methods are precise but only make small corrections. Viruses, the most frequently used method in gene therapy, can insert complete genes, but does so randomly while activating immune responses.

A tool like evoCAST could make gene therapy more reliable and efficient, particularly for diseases like cystic fibrosis and hemophilia that are caused by any one of thousands of different mutations.

"Hundreds to thousands of different mutations in the CFTR gene can cause cystic fibrosis, for example, so an inordinate number of distinct gene editing drugs would be needed to ensure each patient could be treated," says Sternberg. "Instead, something like evoCAST could enable a single gene therapy that inserts a complete and healthy gene into the patient's genome.




"There's more work to be done, but evoCAST represents a milestone in the development of these systems for permanently installing a complete, healthy gene, regardless of the underlying genetic defect."

The new system could also enable simpler and more accurate gene editing in other medical and research applications, including the production of CAR T-cell therapies for cancer treatment, and transgenic cell lines and model organisms needed for biomedical research.

New editor developed from "jumping genes"

evoCAST is based on a natural system the Sternberg lab discovered several years ago in bacteria that allows genes to jump into new locations in the bacterial genome. (Jumping genes -- also known as transposons -- can benefit a species by generating genetic diversity).

The lab recognized that several features of CASTs (CRISPR-associated transposases) made them attractive as potential gene editing systems. One advantage is the ability to insert large pieces of DNA without breaking the chromosome in the process, which can introduce serious, unintended errors. Another is the system's "programmability," which directs insertions to any location in the genome specified by the researcher.

Adapting the bacterial system for use in human cells proved challenging. Sternberg's graduate student, George Lampe, successfully developed the system to work in human cells, but early versions of the technology functioned with low efficiency.




Sternberg had expected the difficulty. "CAST systems exist to help mobile genes jump around the genome over evolutionary times scales. They're not under selective pressure to act efficiently, so we reasoned there would be a greater need to squeeze more activity out of these systems compared to CRISPR-Cas9, which evolved into a very potent and efficient system to save bacteria from viral infections."

Artificial evolution improves gene editing

Instead of guessing what changes could improve their system, Sternberg and Lampe turned to David Liu, a molecular biologist and organic chemist at Harvard and the Broad Institute, who established a laboratory technique, PACE, that accelerates the evolution of proteins. Lampe pushed the performance of the system to a point that made PACE a viable option, and Isaac Witte and Simon Eitzinger, two graduate students in Liu's lab, moved the system into PACE, which enabled hundreds of rounds of evolution to be performed with minimal intervention.

"PACE turbocharges evolution and improves enzymes beyond what researchers can typically accomplish with targeted, rationally designed modifications," Lampe says. "The mutations acquired through PACE vastly improved the performance of the entire CAST system."

After hundreds of evolutionary generations, the new evoCAST system is able to edit 30% to 40% of cells, a huge increase from the original system's lower editing rates.

Next steps

The evoCAST system has already achieved efficiencies that are suitable for some gene editing and gene therapy applications, and the researchers are looking to begin testing their system in more relevant model systems.

At the same time, the team is continuing to make improvements, including changes to other evoCAST components, to further improve editing efficiencies.

But one of the biggest challenges right now for evoCAST, and other large DNA editing tools under development, is delivery.

"How do we actually get these tools and their payloads into the cells or tissues of interest?" Sternberg says. "That's a challenge that many of us in the field are facing."
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Bismuth's mask uncovered: Implications for quantum computing and spintronics materials | ScienceDaily
Whether bismuth is part of a class of materials highly suitable for quantum computing and spintronics was a long-standing issue. Kobe University research has now revealed that the true nature of bismuth was masked by its surface, and in doing so uncovered a new phenomenon relevant to all such materials.


						
There is a class of materials that are insulators in their bulk, but robustly conductive at their surface. As this conductivity does not suffer from defects or impurities, such "topological materials," as they are called, are expected to be highly suitable for use in quantum computers, spintronics and other advanced electronic applications. However, whether bismuth is a topological material or not has been under scientific debate for the past almost 20 years, with many calculations showing that it shouldn't be, but certain measurements indicating differently. Kobe University quantum solid state physicist FUSEYA Yuki says: "I have been fascinated by bismuth and have been conducting research with the desire to know everything there is to know about the element. As a bismuth lover, I could not overlook such a situation and delved into the debate, hoping to solve the mystery."

Fuseya's dedication to the material allowed him to consider phenomena others haven't. He explains: "Among the many properties of bismuth I have studied, I was the first to discover that the crystal structure spontaneously changes due to relaxation near the surface of a crystal. This made me wonder whether this surface relaxation might affect the material's topological nature." Thus, the Kobe University researcher and his team took to computer models of the behavior of electrons in the material and incorporated this change in crystal structure to investigate whether they can so contribute to the debate.

The team now published their results in a letter in the journal Physical Review B. Their calculations could prove that the relaxation of the surface of bismuth crystals leads to the material appearing to be topological at the surface, masking that its bulk is non-topological. "Until now, the topology of a material has been determined based on the principle of 'bulk-edge correspondence,' which holds that the characteristics at the surface represent those in the bulk. However, our study shows that this guiding principle can be broken," explains Fuseya.

"Our proposal that surface relaxation can lead to the breaking of bulk-edge correspondence is not limited to bismuth but can be broadly applied to other systems," the Kobe University team writes in their paper. Thus, the effect the researchers call "topological blocking" might be discovered in other materials, too. "The most important thing in topological materials science is to get the topology of matter right," comments Fuseya, hinting at the wide implications his team's work has for the whole field.

For bismuth lover Fuseya, the discovery is personal, too. He explains: "Bismuth has provided the setting for many discoveries and history has taught us that once a phenomenon is discovered there, similar phenomena are discovered in other substances one after another. I am very happy to know that another phenomenon first discovered in bismuth has been added to that list."

This research was funded by the Japan Society for the Promotion of Science (grants 23H00268, 23H04862 and 22K18318). It was conducted in collaboration with researchers from the University of Electro-Communications.
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Study reveals a deep brain region that links the senses | ScienceDaily
A Yale-led study shows that the senses stimulate a region of the brain that controls consciousness -- a finding that might inform treatment for disorders related to attention, arousal, and more.


						
Humans perceive and navigate the world around us with the help of our five senses: sight, hearing, touch, taste and smell. And while scientists have long known that these different senses activate different parts of the brain, a new Yale-led study indicates that multiple senses all stimulate a critical region deep in the brain that controls consciousness.

The study, published May 15 in the journal NeuroImage, sheds new light on how sensory perception works in the brain and may fuel the development of therapies to treat disorders involving attention, arousal, and consciousness

In the study, a research team led by Yale's Aya Khalaf focused on the workings of subcortical arousal systems, brain structure networks that play a crucial role in regulating sleep-wake states. Previous studies on patients with disorders of consciousness -- such as coma or epilepsy -- have confirmed the influence of these systems on states of consciousness.

But prior research has been largely limited to tracking individual senses. For the new study, researchers asked if stimuli from multiple senses share the same subcortical arousal networks. They also looked at how shifts in a subject's attention might affect these networks.

For the study, researchers analyzed fMRI (functional magnetic resonance imaging) datasets collected from 1,561 healthy adult participants as they performed 11 different tasks using four senses: vision, audition, taste, and touch.

They made two important discoveries: that sensory input does make use of shared subcortical systems and, more surprisingly, that all input -- regardless of which sense delivered the signal -- stimulates activity in two deep brain regions, the midbrain reticular formation and the central thalamus, when a subject is sharply focused on the senses.




The key to stimulating the critical central brain regions, they found, were the sudden shifts in attention demanded by the tasks.

"We were expecting to find activity on shared networks, but when we saw all the senses light up the same central brain regions while a test subject was focusing, it was really astonishing," said Khalaf, a postdoctoral associate in neurology at Yale School of Medicine and lead author of the study.

The discovery highlighted how key these central brain regions are in regulating not only disorders of consciousness, but also conditions that impact attention and focus, such as attention deficit hyperactivity disorder. This finding could lead to better targeted medications and brain stimulation techniques for patients.

"This has also given us insights into how things work normally in the brain," said senior author Hal Blumenfeld, the Mark Loughridge and Michele Williams Professor of Neurology who is also a professor in neuroscience and neurosurgery and director of the Yale Clinical Neuroscience Imaging Center. "It's really a step forward in our understanding of awareness and consciousness."

Looking across senses, this is the first time researchers have seen a result like this, said Khalaf, who is also part of Blumenfeld's lab.

"It tells us how important this brain region is and what it could mean in efforts to restore consciousness," she said.

Other authors include Erick Lopez, a former undergraduate researcher in Blumenfeld's lab, and collaborators from Harvard Medical School.

This research was supported in part by funding from the National Institutes of Health.
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Ultraviolet data from NASA's Europa Clipper mission | ScienceDaily
The Southwest Research Institute-led Ultraviolet Spectrograph (UVS) aboard NASA's Europa Clipper spacecraft has successfully completed its initial commissioning following the October 14, 2024, launch. Scheduled to arrive in the Jovian system in 2030, the spacecraft will orbit Jupiter and ultimately perform repeated close flybys of the icy moon Europa. Previous observations show strong evidence for a subsurface ocean of liquid water that could host conditions favorable for life.


						
Europa-UVS is one of nine science instruments in the mission payload, including another SwRI-led and developed instrument, the MAss Spectrometer for Planetary EXploration (MASPEX). The UVS instrument collects ultraviolet light to create images to help determine the composition of Europa's atmospheric gases and surface materials.

"SwRI scientists started this process in January from NASA's Jet Propulsion Laboratory, however, we had to evacuate due to the fires in southern California," said SwRI Institute Scientist Dr. Kurt Retherford, principal investigator (PI) of Europa-UVS. "We had to wait until May to open the instrument's aperture door and collect UV light from space for the first time. We observed a part of the sky, verifying that the instrument is performing well."

SwRI has provided ultraviolet spectrographs for other spacecraft, including ESA's Rosetta comet orbiter, as well as NASA's New Horizons mission to Pluto, Lunar Reconnaissance Orbiter mission in orbit around the Moon and Juno mission to Jupiter.

"Europa-UVS is the sixth in this series, and it benefits greatly from the design experience gained by our team from the Juno-UVS instrument, launched in 2011, as it pertains to operating in Jupiter's harsh radiation environment," said Matthew Freeman, project manager for Europa-UVS and director of SwRI's Space Instrumentation Department. "Each successive instrument we build is more capable than its predecessor."

Weighing just over 40 pounds (19 kg) and drawing only 7.9 watts of power, UVS is smaller than a microwave oven, yet this powerful instrument will determine the relative concentrations of various elements and molecules in the atmosphere of Europa once in the Jovian system. A similar instrument launched in 2023 aboard ESA's Jupiter Icy Moons Explorer spacecraft, which will be studying several of Jupiter's icy moons, gases from the volcanic moon Io and Jupiter itself. Having two UVS instruments in the Jupiter system at one time offers complementary science.

In addition to performing atmospheric studies, Europa-UVS will also search for evidence of potential plumes erupting from within Europa.

"Europa-UVS will hunt down potential plumes spouting from Europa's icy surface and study them to understand what they tell us about the nature of subsurface water reservoirs," said Dr. Thomas Greathouse, SwRI staff scientist and Europa-UVS co-deputy PI. "The instrument is working fabulously, and we're excited about its ability to make new discoveries once we get to Jupiter."

NASA's Jet Propulsion Laboratory (JPL) manages the Europa Clipper mission for NASA's Science Mission Directorate in Washington, D.C. The Europa Clipper mission was developed in partnership with the Johns Hopkins University Applied Physics Laboratory (APL), in Laurel, Maryland.
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Two HIV vaccine trials show proof of concept for pathway to broadly neutralizing antibodies | ScienceDaily
A decades-long scientific challenge in HIV vaccine development has been finding a way to train the immune system to produce antibodies that can target many variants of the virus. Traditional approaches haven't worked -- largely because HIV mutates rapidly and hides key parts of itself from the immune system.


						
Now, a new study combining data from two separate phase 1 clinical trials shows that a targeted vaccine strategy can successfully activate early immune responses relevant to HIV, and, in one trial, further advance them -- a key step toward a long-sought goal in vaccine development. Conducted by an international team led by scientists at IAVI and Scripps Research, the trials included nearly 80 participants from both North America and Africa, laying essential groundwork for a future HIV vaccine with global potential. The study was published in Science on May 15, 2025.

One of the trials tested a stepwise vaccination strategy, in which a priming dose and a distinct booster dose were given sequentially to guide the immune system through stages of antibody development. That trial demonstrated that administering this combination -- a technique known as heterologous boosting -- could further advance the immune response in humans. The second trial focused on the priming stage and showed that an initial vaccine dose could successfully activate the desired immune cells in African participants, supporting the use of this approach in regions most affected by HIV. In both trials, the vaccines were delivered using an mRNA-based vaccine platform -- similar to the technology used in the COVID-19 vaccines -- which enabled faster production and clinical testing, and provided strong immune responses.

"We've now shown in humans that we can initiate the desired immune response with one shot and then drive the response further forward with a different second shot. We've also shown that the first shot can work well in African populations," says senior author William Schief, a professor of immunology and microbiology at Scripps Research; vice president for protein design in infectious disease research at Moderna, Inc.; and executive director of vaccine design at IAVI's Neutralizing Antibody Center. "These trials provide proof of concept for a stepwise approach to elicit custom-tailored responses -- not just for our vaccine, but for the vaccine field at large, including non-HIV vaccines."

"These remarkable results validate the rational vaccine design that underpins this approach," adds Mark Feinberg, President and CEO of IAVI. "A vaccine would be a tremendous step forward for global health and could help bring an end to the HIV pandemic. This effort has been made possible by a phenomenal collaboration of scientific research institutions, funders, private sector and government -- and is a testament to the power of partnership-driven scientific inquiry."

Broadly neutralizing antibodies, or bnAbs, are a rare type of immune defense that can recognize and block a wide range of HIV variants. Unlike standard antibodies, which often only recognize a specific variant of the virus, bnAbs target parts of HIV that stay the same even as the virus mutates. Scientists have long viewed bnAbs as the immune system's best shot at preventing HIV infection.

The first step in helping the body produce bnAbs is through what's known as a priming vaccine -- an initial dose designed to activate rare, naive B cells with the potential to eventually produce bnAbs. This approach is called germline targeting. B cells are a type of white blood cell that play a central role in the immune system by making antibodies that recognize and fight off viruses and other threats. Later vaccine doses, known as boosters, guide those cells through a process of maturation toward producing HIV-targeting antibodies. Even though these trials weren't intended to generate bnAbs themselves, they demonstrated that the vaccine strategy to deliver a series of different shots to guide the immune system to produce bnAbs has great promise.




Targeting the right cells at the right time

This work builds on two key lines of earlier research emerging from Schief's lab: results published in 2022 from the IAVI G001 clinical trial, which showed how a protein-based vaccine could successfully activate the rare immune cells needed to initiate bnAb development, and a series of four preclinical studies published in 2024 that demonstrated how a multi-step vaccination strategy could guide the immune system toward producing protective antibodies.

The new study analyzed data from two distinct phase 1 clinical trials: the IAVI G002 trial, conducted in North America, and the IAVI G003 trial, conducted specifically in South Africa and Rwanda -- countries that are among the most affected by HIV in sub-Saharan Africa. G002 enrolled 60 participants, while G003 enrolled 18. Both trials used germline targeting.

In G002, participants received either the priming vaccine alone or the priming vaccine followed by a slightly different booster -- the latter being the heterologous boosting strategy. This two-step process is designed to guide the immune response further along the path toward bnAb development by generating VRC01-class antibodies -- early immune defenses with key features of bnAbs. Named after a well-studied bnAb that neutralizes a wide range of HIV variants, VRC01-class antibodies block HIV from binding to a host cell's entry receptor by targeting a region of HIV that rarely changes, despite the virus's rapid mutation. Thus, these antibodies are considered among the most promising leads in HIV vaccine development.

All 17 participants in G002 who received both the priming vaccine and the booster developed VRC01-class responses, and more than 80% of them showed "elite" responses -- meaning their immune cells acquired multiple helpful mutations linked to bnAb development. Participants who received only the priming vaccine also generated VRC01-class responses, but their antibody responses were generally less mature. Notably, giving just one priming dose before the booster was more effective than giving two priming doses before the boost.

"What really surprised us was the quality of the immune response we saw after just two shots -- one prime and one heterologous boost," says Schief. "We didn't anticipate it would be that favorable."

In G003, participants received two doses of the priming vaccine, but no booster. The vaccine successfully triggered VRC01-class responses in 94% of participants, showing similarly high levels of antibody mutation and diversity as seen in G002. Although one participant didn't respond due to a gene variant that made the vaccine less effective, all other participants showed activation of the target naive B cells.




"These incredibly exciting results underscore the importance and capability of global partnerships to drive cutting-edge science," says Julien Nyombayire, executive director of the Center for Family Health Research in Kigali, Rwanda, and one of the lead principal investigators of G003. "It was essential to conduct this evaluation in African populations to ensure that our results reflect the safety and immunologic data from high-burden communities who would deeply benefit from an HIV vaccine."

"By and large, the immune responses were quite similar in Africa and North America," adds Schief. "That's encouraging for a vaccine intended for global use."

Besides the occurrence of skin reactions, the vaccine regimen was generally well tolerated. In G002, 18% of participants experienced skin reactions such as itching and urticaria (hives), and 10% developed chronic urticaria -- defined as symptoms lasting six weeks or longer. These events were typically mild or moderate, often managed with antihistamines, and all ultimately resolved. In G003, there were no cases of urticaria, though two participants (11%) experienced mild, short-lived itching managed with antihistamines.

Compared with other Moderna mRNA vaccines -- such as those for COVID-19 -- the regimen used in G002 showed a higher incidence of urticaria. The researchers will investigate these reactions to inform future mitigation strategies. Moderna also partnered in both trials, providing the mRNA vaccines and crucial support for the preclinical development and regulatory filings.

Schief notes that a follow-up study is planned in South Africa to evaluate the same prime-boost approach tested in G002, but at a lower dose, building on the elite responses seen in the boosted group.

"We also now have a better idea of what kinds of immune cells we need to target to keep moving the response forward," he says.
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Asians made humanity's longest prehistoric migration and shaped the genetic landscape in the Americas | ScienceDaily
An international genomics study led by scientists from Nanyang Technological University, Singapore (NTU Singapore) at the Singapore Centre for Environmental Life Sciences Engineering (SCELSE) and Asian School of the Environment (ASE) has shown that early Asians made humanity's longest prehistoric migration.


						
These prehistoric humans, roaming the earth over a hundred thousand years ago, would have traversed more than 20,000 kilometres on foot from North Asia to the southernmost tip of South America.

This journey would have taken multiple generations of humans, taking thousands of years. In the past, land masses were also different, with ice bridging certain portions that made the route possible.

Supported by the GenomeAsia100K consortium [1], the study was published this week in Science, which analyses DNA sequence data from 1,537 individuals representing 139 diverse ethnic groups.

The study involved 48 authors from 22 institutions across Asia, Europe and the Americas.

The researchers traced an ancient migratory journey that began in Africa, proceeded through North Asia and ended at Tierra del Fuego in modern-day Argentina, which is considered the final boundary of human migration on Earth.

By comparing patterns of shared ancestry and genetic variations that accumulate over time, the team was able to trace how groups split, moved, and adapted to new environments.




These patterns allowed the team to reconstruct ancient migration routes and estimate when different populations diverged.

The reconstructed routes gave a detailed picture of how early humans reached the far edge of the Americas, and the findings suggested that this pioneering group overcame extreme environmental challenges to complete their journey across millennia.

A key insight was that these early migrants arrived at the northwestern tip of South America, where modern-day Panama meets Colombia, approximately 14,000 years ago.

From this critical point of entry, the population diverged into four major groups: one remained in the Amazon basin, while the others moved eastward to the Dry Chaco region and southward to Patagonia's ice fields, navigating the valleys of the Andes Mountains, the highest mountain range outside of Asia.

By analysing the genetic profiles of indigenous populations in Eurasia and South America, researchers from the GenomeAsia100K project have, for the first time, mapped the unexpectedly large genetic diversity of Asia.

Understanding migration and genetic resilience

The study also sheds light on the evolutionary consequences of such a vast migration.




Associate Professor Kim Hie Lim from NTU's Asian School of the Environment, the study's corresponding author, explained that the arduous journey over thousands of years had reduced the genetic diversity of the migrant population.

"Those migrants carried only a subset of the gene pool in their ancestral populations through their long journey. Thus, the reduced genetic diversity also caused a reduced diversity in immune-related genes, which can limit a population's flexibility to fight various infectious diseases," explained Assoc Prof Kim, a Principal Investigator at SCELSE and Vice-Director of GenomeAsia100K.

"This could explain why some Indigenous communities were more susceptible to illnesses or diseases introduced by later immigrants, such as European colonists. Understanding how past dynamics have shaped the genetic structure of today's current population can yield deeper insights into human genetic resilience."

SCELSE Senior Research Fellow Dr Elena Gusareva, the study's first author, said that these early groups settled into new ecological niches, and over hundreds of generations, their bodies and lifestyles evolved in response to the unique challenges of each region.

"Our findings highlight the extraordinary adaptability of early, diverse indigenous groups who successfully settled in vastly different environments. Using high-resolution whole-genome sequencing technology at SCELSE, we can now uncover the deep history of human migration and the genetic footprints left behind by the early settlers."

Importance of Asian representation in genetic studies

NTU Professor Stephan Schuster, the study's senior author of the paper and the Scientific Director of the GenomeAsia100K consortium, said: "Our study shows that a greater diversity of human genomes is found in Asian populations, not European ones, as has long been assumed due to sampling bias in large-scale genome sequencing projects."

"This reshapes our understanding of historical population movements and lays a stronger foundation for future research into human evolution. Our new insights underscore the importance of increasing the representation of Asian populations in genetic studies, especially as genomics plays a critical role in personalised medicine, public health, and the understanding of human evolution," added Prof Schuster, who is the President's Chair in Genomics at NTU's School of Biological Sciences, and the Deputy Centre Director at SCELSE.

By tracing the impact of migration and isolation on genetic characteristics, the study offers insights into how different populations respond to diseases and how their immune systems have evolved.

The findings also help scientists better understand the genetic makeup of Native American populations and help policymakers to better protect and conserve native communities.

It also demonstrates how advanced genomic tools and global collaboration can deepen humanity's understanding of human evolution and inform future medical and scientific breakthroughs.

[1] GenomeAsia100K is a non-profit consortium focused on sequencing and analysing 100,000 Asian genomes to drive population-specific medical advancements and precision medicine.
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        Personal space chemistry suppressed by perfume and body lotion indoors
        In 2022 a team discovered that high levels of OH radicals can be generated indoors, simply due to the presence of people and ozone. This means: People generate their own oxidation field and change the indoor air chemistry around them within their own personal space. Now, in a follow-up study again in cooperation with an international research team, they found that commonly applied personal care products substantially suppress a human's production of OH radicals. These findings have implications f...

      

      
        Bed-netting prototypes to target malaria-causing parasites
        Scientists have fabricated two bed netting prototypes targeting malaria-causing blood parasites. They designed netting systems to deliver antimalarial drugs called Endochin-like Quinolones (ELQs) that destroy Plasmodium parasites transmitted by mosquitoes.

      

      
        Are groovy brains more efficient?
        The smallest grooves on the brain's surface, unique to humans, have largely been ignored by anatomists, but recent studies show that they're related to cognitive performance, including face recognition and reasoning ability. A new study shows that the depths of these tertiary sulci are also linked to increased interconnectedness between areas of the brain associated with reasoning and high-level cognitive functions. The sulci may decrease the length of neural connections, improving communication ...

      

      
        Good news for people with migraine who take drugs before or during pregnancy
        There's good news for people with migraine who take common drugs before or during pregnancy -- a new study found no increase in neurodevelopmental disorders such as autism and ADHD in their children. The study looked at drugs used for migraine attacks called triptans.

      

      
        Vitamin D supplements show signs of protection against biological aging
        A randomized trial suggests vitamin D can protect against telomere shortening, which is linked to risk of age-related disease.

      

      
        Unlocking the secrets of bat immunity
        Bats are known as natural hosts for highly pathogenic viruses such as MERS- and SARS-related coronaviruses, as well as the Marburg and Nipah viruses. In contrast to the severe and often fatal disease outcomes these viruses cause in humans, bats generally do not show obvious signs of viral illness following infection. An international research team has developed an innovative organoid research platform that allowed them to closely investigate the cellular antiviral defense mechanisms of mucosal ep...

      

      
        Promising new way to modulate brain cell activity to potentially treat major depressive disorder in adults
        A mechanism involving potassium channels in the brain that control brain cell activity could provide a new and fundamentally different way of treating depression symptoms in adults with major depressive disorder.

      

      
        Engineered bacteria can deliver antiviral therapies, vaccines
        New research demonstrates how specially engineered bacteria taken orally can operate as a delivery system for vaccines and antiviral therapies.

      

      
        Emotional expressions shape how help is received in the workplace
        The way people express emotions while helping others can influence whether their assistance is welcomed, resented, or reciprocated, according to new research.

      

      
        A new technology for extending the shelf life of produce
        Researchers developed a way to extend the shelf life of vegetables by injecting them with melatonin using biodegradable microneedles.

      

      
        Scientists design gene delivery systems for cells in the brain and spinal cord
        Research teams funded by the National Institutes of Health (NIH) have created a versatile set of gene delivery systems that can reach different neural cell types in the human brain and spinal cord with exceptional accuracy. These delivery systems are a significant step toward future precise gene therapy to the brain that could safely control errant brain activity with high precision. In contrast, current therapies for brain disorders mostly treat only symptoms.

      

      
        Live view: Stress-induced changes in generations of cancer cells
        Cancer cells respond to stress with greater diversity. Drugs that affect DNA replication, or radiation that causes direct DNA damage, lead to increasingly diverse offspring over multiple cell generations. This increases the tumor's genetic complexity and facilitates the development of resistance to therapy. Researchers have now investigated the emergence of cellular diversity in real time.

      

      
        Clinical trial shows improvements for spinal cord injuries
        Researchers demonstrated unprecedented rates of recovery for spinal cord injuries. Individuals with incomplete spinal cord injury safely received a combination of stimulation of a nerve in the neck with progressive, individualized rehabilitation. This approach, called closed-loop vagus nerve stimulation (CLV), produced meaningful improvements in arm and hand function in these individuals.

      

      
        New genetic test can diagnose brain tumors in as little as two hours
        Scientists and medics have developed an ultra-rapid method of genetically diagnosing brain tumors that will cut the time it takes to classify them from 6-8 weeks, to as little as two hours.The team utilized the new approach during 50 brain tumor surgeries to deliver rapid, intraoperative diagnoses. This approach has achieved a 100% success rate, providing diagnostic results in under two hours from surgery and detailed tumor classifications within minutes of sequencing.

      

      
        Thinking peers drink more drives risky behavior
        The study explores how social influences, particularly peer pressure, impact substance use -- and misuse -- among young adults. A confidential online survey on alcohol use was given to 524 students at a large public university (not UTA).

      

      
        Landmark report reveals key challenges facing adolescents
        Poor mental health, rising obesity rates, exposure to violence and climate change are among the key challenges facing our adolescents today, according to a global report.

      

      
        How serious is your brain injury? New criteria will reveal more
        Trauma centers nationwide will begin to test a new approach for assessing traumatic brain injury (TBI) that is expected to lead to more accurate diagnoses and more appropriate treatment and follow-up for patients. The new framework expands the assessment beyond immediate clinical symptoms. Added criteria would include biomarkers, CT and MRI scans, and factors, such as other medical conditions and how the trauma occurred.

      

      
        New research on ALS opens up for early treatment
        Using the gene scissors CRISPR and stem cells, researchers have managed to identify a common denominator for different gene mutations that all cause the neurological disease ALS. The research shows that ALS-linked dysfunction occurs in the energy factories of nerve cells, the mitochondria, before the cells show other signs of disease, which was not previously known.

      

      
        Molecules in blood and urine could reveal how much ultra-processed food you eat
        Sets of metabolites found in blood and urine reliably correspond with how much energy from ultra-processed food a person consumes, according to a new study.

      

      
        Language isn't just for communication -- it also shapes how sensory experiences are stored in the brain
        Our ability to store information about familiar objects depends on the connection between visual and language processing regions in the brain, according to a new study.

      

      
        Selenium exposure during pregnancy may reduce childhood streptococcal infections
        Higher maternal selenium levels during pregnancy were associated with a lower risk of streptococcal infections in children, suggesting a potential protective effect.

      

      
        How molecules can 'remember' and contribute to memory and learning
        Researchers have discovered how an ion channel in the brain's neurons has a kind of 'molecular memory', which contributes to the formation and preservation of lifelong memories. The researchers have identified a specific part of the ion channel at which new drugs for certain genetic diseases could be targeted.

      

      
        Forest management can influence health benefits
        Forests play a crucial role in promoting health and wellbeing, but not all forests provide the same benefits. A large-scale study demonstrates how specific forest characteristics -- such as canopy density and tree species diversity -- can affect various health outcomes.

      

      
        Technique rapidly measures cells' density, reflecting health and developmental state
        MIT researchers found a way to measure cell density quickly and accurately -- measuring up to 30,000 cells in a single hour. They also showed density changes could be used to make useful predictions, including whether T cells have become activated to kill tumors or whether tumor cells are susceptible to a specific drug.

      

      
        MRI can replace painful spinal tap to diagnose MS more quickly, according to a new study
        Experts have demonstrated that multiple sclerosis (MS) can successfully be diagnosed using an MRI scan, meaning patients no longer need to undergo a painful lumbar puncture. Experts found that by using a new MRI scan, they could successfully diagnose MS in 8 minutes.

      

      
        Advanced genomics study improves detection of hard-to-find diarrheal infections
        A study has used advanced genetic and genomic techniques to offer a major step forward in understanding and diagnosing infectious intestinal diseases. The large-scale study analyzed more than 1,000 stool samples from people with diarrheal illness to harness two cutting edge tools. The study used metagenomic (DNA-based) and metatranscriptomic (gene or RNA-based) sequencing. Unlike traditional methods, these techniques do not rely on growing organisms in a lab. Instead, they detect and analyze the ...

      

      
        New perspectives for wound healing and the treatment of chronic diseases
        Fibroblasts play a central role in maintaining healthy tissue structures, as well as in the development and progression of diseases. For a long time, these specialized connective tissue cells were thought to represent a single, uniform cell type. A recent publication shows that fibroblasts in human tissue actually consist of distinct populations with specialized functions. This heterogeneity is key to developing targeted therapies in regenerative medicine and in the treatment of diseases.

      

      
        New blood test shows superior sensitivity in detecting HPV-associated head and neck cancers
        Head and neck cancer researchers are reporting the development and testing of HPV-DeepSeek, a novel liquid biopsy assay. In their new study, HPV-DeepSeek achieved 99% sensitivty and specifity for diagnosing HPV-associated head and neck cancers, outperforming standard of care methods. HPV causes about 70% of oropharyngeal cancers in the U.S., which are increasing in incidence faster than other head and neck cancers.

      

      
        Why some viral infections appear to trigger autoimmune disease
        By studying Chikungunya virus, scientists shed light on how immune responses to viral infections may lead to persistent symptoms of autoimmune disease.

      

      
        Depression linked to physical pain years later
        Middle-aged and older adults who experience pain are more likely to have had worsening symptoms of depression up to eight years before the pain began, according to a new study.

      

      
        Controlling these 8 risk factors may eliminate early death risk for those with high blood pressure
        Controlling blood pressure is not the only way to treat hypertension. A new study identified eight associated risk factors. Each risk factor addressed was associated with a 13% lower risk of premature death. Patients who addressed at least four of these risk factors had no greater risk of an early death than those without high blood pressure.

      

      
        Eating craved foods with meals lessens cravings, boosts weight loss
        Small clinical study with obese dieters who had chronic health problems found that eating balanced meals and including craved foods with those meals helped dieters manage cravings, even into the yearlong maintenance phase of the program.

      

      
        Genomic data shows widespread mpox transmission in West Africa prior to 2022 global outbreak
        Historically, most human mpox infections have resulted from zoonotic transmission --m eaning from animals to humans -- and these spillovers have rarely led to human-to-human transmission. But during the 2022 global outbreak, mpox began spreading readily between people. A new study now shows the virus was circulating long before then.

      

      
        Waist-to-height ratio predicts heart failure incidence
        Risk of heart failure (HF) has been shown to increase as body mass index (BMI) increases; however, BMI has limitations as an obesity measure. Over median follow-up of 13 years, waist-to-height ratio (WtHR) was found to significantly predict incident HF in almost 2,000 individuals in the Malm Preventive Project. WtHR may be a better metric than BMI to identify patients with HF who could benefit from targeted obesity interventions.

      

      
        Fast food, fast impact: How fatty meals rapidly weaken our gut defenses
        A study has become the first in the world to unravel the immediate effects of a high-fat diet on our gut health.

      

      
        Survival trick: Pathogen taps iron source in immune cells
        The body defends itself against pathogens by depriving them of vital iron. However, this strategy doesn't always succeed against Salmonella. Researchers have discovered that these bacteria specifically target iron-rich regions within immune cells to replicate. Their findings on how pathogens evade the immune defense are important for fighting infections.

      

      
        After cardiac event, people who regularly sit for too long had higher risk of another event
        People who were less active, with a daily average of more than 14 hours of sedentary behavior, were more than twice as likely to have another cardiac event, including heart attack, surgery to treat heart issues (coronary revascularization), or to be hospitalized again within a year after the first cardiac event.

      

      
        More donor hearts by extending the preservation time
        A new discovery could mean more donor hearts are available for heart transplant, giving more people a second chance at life.

      

      
        Don't hit snooze on new research about waking up each morning
        Sleep experts recommend against snoozing after a wake-up alarm, but a study shows the practice is common, with more than 50% of sleep sessions logged ending in a snooze alarm and users spending 11 minutes on average snoozing.

      

      
        Family of parasite proteins presents new potential malaria treatment target
        Researchers have shown that the evolution of a family of exported proteins in the malaria-causing parasite Plasmodium falciparum enabled it to infect humans.

      

      
        Scientific breakthrough: We can now halve the price of costly cancer drug
        The demand for the widely used cancer drug Taxol is increasing, but it's difficult and expensive to produce because it hasn't been possible to do it biosynthetically. Until now, that is. Researchers have now cracked the last part of a code that science has struggled with for 30 years. The breakthrough could halve the price of the drug and make production far more sustainable.

      

      
        Early puberty increases risk of overweight later in life for girls
        Unique Danish longitudinal study with over 136,000 measurements reveals the connection between pubertal development and weight throughout adolescence.

      

      
        A first blueprint of chemical transport pathways in human cells
        An unprecedented international effort to decode how cells manage the transport of chemical substances has culminated in four groundbreaking studies This decade-long project provides the first comprehensive functional blueprint of chemical transport pathways in human cells.

      

      
        Changes in the aging heart may lessen the risk of irregular heartbeats
        Researchers have discovered that microscopic structural changes in the aging heart may help prevent irregular heartbeats. The discovery challenges the idea that all age-related heart changes are harmful.

      

      
        New protein target for childhood medulloblastomas
        A study has identified a new target for Group-3 medulloblastomas.

      

      
        Gut bacteria and acetate, a great combination for weight loss
        Researchers have discovered a new way to reduce obesity. Supplying the gut with extra acetate reduces fat and liver mass in both normal and obese mice, as long as bacteria of the Bacteroides species is also present. When both these conditions are met, gut bacteria can eliminate more sugars from the gut and promote the burning of fats for energy in the host.

      

      
        Could nanoplastics in the environment turn E. coli into a bigger villain?
        Nanoplastics are everywhere. These fragments are so tiny they can accumulate on bacteria and be taken up by plant roots; they're in our food, our water, and our bodies. Scientists don't know the full extent of their impacts on our health, but new research suggests certain nanoplastics may make foodborne pathogens more virulent.

      

      
        Maintaining balance in the immune system
        Researchers have published the first description of the role of the ZFP36 family of RNA binding proteins in regulatory T cells (Tregs). Tregs are key to maintaining balance in the immune system and essential to preventing autoimmune disease. By the targeted deletion of Zfp36l1 and Zfp36l2 in Tregs in mice, the findings demonstrate that loss of these RNA binding proteins results in Tregs no longer being able to control other immune cell types, which results in inflammation. The data point to a key...

      

      
        New research highlights health benefits of using heritage art practices in art therapy
        To better understand the potential therapeutic benefits of heritage art practices, researchers examined the impact of these practices on mental and physical health.

      

      
        Sophisticated data analysis uncovers how city living disrupts ADHD's path to obesity
        A hidden link between impulsivity and obesity may not be fixed in human biology but shaped by the cities we live in. Using a novel engineering-based approach, researchers found that attention-deficit/hyperactivity disorder (ADHD) contributes to obesity not only directly through known biological pathways but also indirectly, by reducing physical activity.
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Personal space chemistry suppressed by perfume and body lotion indoors | ScienceDaily
In 2022 a team led by the Max Planck Institute for Chemistry discovered that high levels of OH radicals can be generated indoors, simply due to the presence of people and ozone. This means: People generate their own oxidation field and change the indoor air chemistry around them within their own personal space. Now, in a follow-up study again in cooperation with an international research team, they found that commonly applied personal care products substantially suppress a human's production of OH radicals. These findings have implications for the indoor chemistry, the air quality of occupied spaces, and human health, since many of the chemicals in our immediate vicinity are transformed by this field.


						    	People indoors generate an oxidation field consisting of hydroxyl radicals (OH). The oxidation field is generated by the reaction of ozone with oils and fats on our skin
    	Researchers now have found that the application of personal care products, such as fragrances and body lotions, suppresses the human oxidation field.
    	Body lotion hinders the generation of a key OH precursor by acting as a physical barrier between air ozone and skin squalene.
    	A large amount of ethanol solvent in fragrances acts as a OH sink which leads to a reduction of the human generated OH field.
    	Used methods: a multiphase chemical kinetic model and a computational fluid dynamics model to demonstrate how the concentrations of the reactive components develop in the indoor environment.

The indoor environment contains multiple sources of chemical compounds. These include continuous emissions from housing materials such as furniture, floors and furnishings, but also periodic intense emissions from human activities such as cooking, smoking, and cleaning. Outdoor air chemicals can also enter indoor environments through infiltration and ventilation. Ozone (O3) from outdoors can react with compounds indoors to create a complex chemical cocktail within the indoor living space. Since people spend up to 90 percent of their time indoors, exposure to this diverse array of chemical compounds over extended periods is cause for concern, particularly as the human-health impacts of many such chemicals remain poorly understood.

On the basis of their findings in 2022, Jonathan Williams' research group from the Max Planck Institute for Chemistry had a closer look on how the human oxidation field might be influenced by personal care products. "Given that the human oxidation field influences the chemical composition of air in the breathing zone and close to the skin, it affects our intake of chemicals, which in turn impacts human health. It is therefore of interest to examine how personal care products can influence the strength and spatial extent of the self-generated OH-field," explains Jonathan Williams.

The experimental measurements made by the Max Planck team were supported by Manabu Shiraiwa and his team at the University of California (Irvine, USA) and Donghyun Rim's group from the Pennsylvania State University.

"Our team took a unique approach to simulate concentrations of chemical compounds near humans in the indoor environment," said Shiraiwa. "We developed a state-of-the-art chemical model that can simulate reactions of ozone with human skin and clothing that can lead to the formation of semi-volatile organic compounds."

"We applied a three-dimensional computational fluid dynamics model to simulate the evolution of the oxidation field around human occupants," said Rim. "This integrated modeling approach highlights the impact of personal care products on the human oxidation field."

Personal care products affect the human oxidation field

First, the researchers examined how the application of body lotion impacts the chemistry in the periphery of the persons tested. Then they investigated, how perfume applied to the skin affects the chemical composition of the indoor air. For both cases Williams and his team saw that the OH concentration around the volunteers decreased. This means: It decreased compared to the standard case without cosmetics, where ozone reacts on human skin to form gas phase products that react again in the air with ozone to make OH.




Concerning the perfume, the researchers explain the OH decrease with the primary perfume component ethanol: it reacts with OH, using it up, as ethanol does not produce OH when reacting with ozone.

"Regarding body lotion, we can explain the decline in two ways. One is that phenoxyethanol -- a chemical in the body lotion -- reacts with OH but does not generate OH with ozone. This is the same as the perfume with ethanol. The second explanation is simply that the body lotion gets in the way of ozone reacting with squalene on the skin," states atmospheric chemist Jonathan Williams.

"The application of a fragrance and a lotion together showed that fragrances impact the OH reactivity and concentration over shorter time periods, whereas lotions show more persistent effects, consistent with the rate of emissions of organic compounds from these personal care products," sums up Nora Zannoni, first author of the study published in the research magazine Science Advances. She is currently employed at the Institute of Atmospheric Sciences and Climate in Bologna, Italy.

Implications for indoor chemistry

While thousands of different fragrances and lotions exist on the market, there are some general conclusions valid for any product that the international research team draws based on their tests:

Following the new findings of this study, an applied fragrance indoors would be expected to suppress the personal human oxidation field. In contrast with fragrances, lotions have more variable compositions. Despite their variable composition, they expect most lotions to suppress the human oxidation field due to a combination of dilution of skin oil constituents and reduced interaction between O3 and the skin. Additionally, marketed lotions contain preservatives acting as antimicrobial agents. Widely used is phenoxyethanol which further contributes to suppressing the human oxidation field by reacting with the OH radicals as experimentally demonstrated in this study.




"If we buy a sofa from major furniture company, it is tested for harmful emissions before being put on sale. However, when we sit on the sofa, we naturally transform some of these emissions because of the oxidation field we generate. This can create many additional compounds in our breathing zone whose properties are not well known or studied. Interestingly body lotion and perfume both seem to dampen down this effect," says Jonathan Williams.

These findings are part of the project ICHEAR (Indoor Chemical Human Emissions and Reactivity Project) which brought together a group of collaborating international scientists from Denmark (DTU), USA (Rutgers University), and Germany (MPI). The modelling was part of the MOCCIE project based in University of California Irvine and the Pennsylvania State University. Both projects were funded by grants from the A. P. Sloan foundation.

Additional information

Experimental setup in a climate chamber 

The experiments were conducted at the Technical University of Denmark (DTU) in Copenhagen in 2021. Four test subjects stayed in a special climate-controlled chamber under standardized conditions. Ozone was added to the chamber air inflow in a quantity that was not harmful for humans but representative of the higher range of indoor levels. The team determined the OH concentrations indirectly by quantifying the individual OH sources and the overall loss rate of OH. The OH field was only generated when ozone was present.

By combining air measurements from within the chamber with model simulations, they calculated the effect of the lotion and fragrance on the human oxidation field.
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Bed-netting prototypes to target malaria-causing parasites | ScienceDaily
Southwest Research Institute tapped into its drug formulation and manufacturing expertise to fabricate two bed netting prototypes targeting malaria-causing blood parasites. In a collaboration with researchers at the Harvard T.H. Chan School of Public Health and Oregon Health & Science University (OHSU)/Portland Veterans Affairs Medical Center (PVAMC), SwRI designed netting systems to deliver antimalarial drugs called Endochin-like Quinolones (ELQs) that destroy Plasmodium parasites transmitted by mosquitoes. The findings appear in the latest issue of the journal Nature.


						
"If an infected mosquito hits or lands on either type of netting, it's essentially disinfected," said Institute Scientist Dr. Mike Rubal, a contributor to the Nature article. "The best defense against malaria has been insecticide-treated bed nets or those coated with larvicides, but mosquitoes are developing an immunity to those prevention methods. This novel approach targets the source of the disease."

In 2023, the World Health Organization reported 263 million cases of malaria and nearly 600,000 deaths worldwide. The disease remains pervasive even with preventative measures and available treatments. Resistance to larvicides and pesticides is a growing concern among malaria researchers.

Rubal's team coated a commercially available polyester bed net with an ELQ solution synthesized at OHSU/PVAMC. SwRI also blended a second formulation of ELQ into a hot-melt extrusion of high-density polyethylene filaments, which can be woven to make yarn for netting. The team at the Catteruccia lab at Harvard evaluated both netting systems for efficacy.

"We desperately need innovation in malaria control. This study offers a new, effective way to stop the transmission of malaria parasites, which we hope will reduce the burden of this devastating disease in Africa and beyond," said corresponding author Dr. Flaminia Catteruccia, the Irene Heinz Given Professor of Immunology and Infectious Diseases at Harvard and Howard Hughes Medical Institute Investigator.

Native to tropical and subtropical regions around the world, female Anopheles mosquitoes pass parasites to humans through saliva shared when they bite. Parasites attack and reproduce within the liver and red blood cells causing a variety of symptoms ranging from mild to severe. If left untreated, malaria can lead to brain damage, organ failure and even death, especially among children and other vulnerable populations.

"Our research shows that the two drugs, which are absorbed through the legs of the insect, kill parasites developing within the mosquito. By using two different ELQs, the likelihood of resistance is greatly diminished and possibly eliminated," said Dr. Michael Riscoe, a professor of molecular microbiology and immunology at OHSU. "This emerging technology has great potential to impact efforts to control and eradicate malaria around the world."

A National Institute of Health (NIH) R01 grant and funding from Open Philanthropy supported the research.
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Are groovy brains more efficient? | ScienceDaily
Many grooves and dimples on the surface of the brain are unique to humans, but they're often dismissed as an uninteresting consequence of packing an unusually large brain into a too-small skull.


						
But neuroscientists are finding that these folds are not mere artifacts, like the puffy folds you get when forcing a sleeping bag into a stuff sack. The depths of some of the smallest of these grooves seem to be linked to increased interconnectedness in the brain and better reasoning ability.

In a study published May 19 in The Journal of Neuroscience, University of California, Berkeley, researchers show that in children and adolescents, the depths of some small grooves are correlated with increased connectivity between regions of the brain -- the lateral prefrontal cortex and lateral parietal cortex -- involved in reasoning and other high-level cognitive functions.

The grooves may actually bring those areas closer together in space, shortening the connections between them and speeding communications.

The implication, the researchers say, is that variability in these small grooves, which are called tertiary sulci (pronounced sul'-sigh), may help explain individual differences in cognitive performance, and could serve as diagnostic indicators or biomarkers of reasoning ability or neurodevelopmental disorders.

"The impetus for this study was having seen that sulcal depth correlated with reasoning across children and adolescents," said Silvia Bunge, professor of psychology and a member of UC Berkeley's Helen Wills Neuroscience Institute (HWNI). "Given our previous findings, our former postdoctoral fellow Suvi Hakkinen aimed to test if sulcal depth was correlated with reasoning performance and to test if patterns of coordinated activity within a lateral prefrontal-parietal network could explain this relation between sulcal depth and reasoning."

"We had explicit predictions about which tertiary sulci in the lateral prefrontal cortex would be functionally connected to tertiary sulci in the lateral parietal cortex, and that panned out," added Kevin Weiner, UC Berkeley associate professor of psychology and of neuroscience and a member of HWNI. "Prefrontal and parietal cortices aside, the hypothesis is that the formation of sulci leads to shortened distances between connected brain regions, which could lead to increased neural efficiency, and then, in turn, individual differences in improved cognition with translational applications."

"The cortex is sort of haphazardly crunched up into the brain -- that's what I was always taught," Bunge said. "Kevin came along and changed my mind about sulci."




The hills and valleys of the brain

The brains of most animals, mammals included, have smooth surfaces. Primates have hills and valleys covering their cerebral cortex. While one group of primates, the New World monkeys called marmosets, have shallow, barely perceptible sulci, those of humans are deeply incised, with between 60% and 70% of the cortex buried in these folds.

The cortical folding patterns in humans also change with age, establishing their final structure late in prenatal development while becoming less prominent in old age.

"While sulci can change over development, getting deeper or shallower and developing thinner or thicker gray matter -- probably in ways that depend on experience -- our particular configuration of sulci is a stable individual difference: their size, shape, location and even, for a few sulci, whether they're present or absent," said Bunge, who studies abstract reasoning in young people, from 6 years of age through young adulthood.

The smallest grooves, many of which are uniquely human, are called tertiary sulci because they appear last in prenatal development and are never as deep as the major or primary sulci that are most evident on the cerebral surface.

Scientists have speculated that the tertiary sulci emerge in parts of the human brain that have expanded the most throughout evolution and have a protracted development, and that they are likely associated with aspects of cognition -- reasoning, decision-making, planning and self-control -- that develop over a protracted adolescence.




But prior to this study, evidence was lacking for a connection between tertiary sulci and brain connectivity. The UC Berkeley study is one of few, all within the past few years, to provide such proof.

Sulci linked to cognition

Weiner and Bunge said that, as undergraduates, they were never taught how to define tertiary sulci; they often examined scans of average brains that did not match any specific individual.

Weiner noticed this mismatch as an undergraduate.

"At the time, all I knew was that I had some cortical squiggles that weren't in the average brain atlases that we had in the lab. So the question I asked my mentors, Sabine Kastner and Charlie Gross, was: Do I have different structures that aren't in our atlases or are structures missing from these atlases?" he said. "That sent me down a 15-year rabbit hole studying one particular tertiary sulcus in the visual cortex."

That work showed that a specific sulcus, the mid-fusiform sulcus, varied in length from as small as 3 millimeters to as long as 7 centimeters in any given person. Moreover, the longer the sulcus, the better a person was at processing and recognizing human faces.

"About 2% of individuals have developmental prosopagnosia, which means they can't perceive faces, and they don't have any brain damage," he said. "That sulcus, especially in the right hemisphere, is shorter and shallower in those folks than in what we refer to as neurotypical controls."

Building on that rabbit hole, Bunge and Weiner wondered whether tertiary sulci in other regions of the brain, outside the visual processing units, also correlated with cognitive ability. Upon moving to UC Berkeley in 2018, Weiner began investigating the prefrontal cortex -- located in the front of the brain behind the forehead -- in collaboration with Bunge, who wanted to test whether sulci in this area would be linked to reasoning.

In a 2021 paper, the two collaborated to define all the smaller sulci in the lateral prefrontal cortex and created a computer model that identified the tertiary sulci as contributing the most variation in reasoning ability.

"The model identified that there's tertiary sulci in the lateral prefrontal cortex that are contributing to reasoning skills in kids," Weiner said.

Expanding on that work in the new study, Weiner, Bunge and their colleagues painstakingly catalogued the tertiary sulci in the lateral parietal cortex, located under and just behind the crown of the skull, and investigated its functional connections with the sulci of the lateral prefrontal cortex. For both studies, they studied 43 participants, 20 of them female, who ranged in age from 7 to 18. While in a functional magnetic resonance imaging (fMRI) scanner, the participants were given a reasoning task. The researchers focused on the brain activity in 21 sulci they had identified in each hemisphere of the brain, and the functional connections between these sulci -- including, for the first time, tertiary sulci.

Across these individuals, greater depth for several of the sulci implicated in reasoning was associated with higher network centrality across the set of prefrontal and parietal sulci.

Experience affects sulci

Bunge pointed out that the association between depths of sulci and reasoning does not hold for all sulci, and that sulcal depth may change with experience.

"Do we think that an individual's capacity for reasoning is set in stone based on their cortical folding? No!," she said. "Cognitive function depends on variability in a variety of anatomical and functional features and, importantly, we know that experience, like quality of schooling, plays a powerful role in shaping an individual's cognitive trajectory, and that it is malleable, even in adulthood."

Weiner's lab is creating a computer program to help researchers identify tertiary sulci in the human brain. Most programs only identify about 35 sulci, but when tertiary sulci are included, there are over 100, he said, including new ones that their labs have uncovered together. They argue that sulci could serve as landmarks to compare brains between individuals, since brains vary so much.

"Dozens of brain maps have been proposed in just the last five years, but they disagree about the areas of associated regions in the cortex, and there are mismatches between areas at the group and individual level," Weiner said. "Examining network architecture based on individual sulcal morphology circumvents these disagreements and mismatches, with the opportunity to glean network-level insight from the local sulcal anatomy that is specific to a given individual."

Aside from Bunge and Weiner, other UC Berkeley co-authors of the paper are former postdoctoral fellow Suvi Hakkinen, former graduate student Willa Voorhies, former undergraduates Ethan Willbrand and Jewelia Yao, and former visiting scholars Yi-Heng Tsai and Thomas Gagnant.

The work was supported by the National Institutes of Health through grants from the Eunice Kennedy Shriver National Institute of Child Health and Human Development (R21HD100858) and the National Institute of Mental Health (R01MH133637), and the National Science Foundation (CAREER Award 2042251).
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Good news for people with migraine who take drugs before or during pregnancy | ScienceDaily
There's good news for people with migraine who take common drugs before or during pregnancy -- a new study found no increase in neurodevelopmental disorders such as autism and ADHD in their children. The study, which looked at drugs used for migraine attacks called triptans, is published on May 21, 2025, online in Neurology(r), the medical journal of the American Academy of Neurology.


						
The study does not prove that there is a link between these drugs and neurodevelopment disorders.

"These results are encouraging for people with migraine, who may be taking these drugs before they even know that they are pregnant, and this is helpful information for their physicians, who can make more informed decisions about treating people with debilitating migraine attacks," said study author Hedvig Nordeng, PhD, of the University of Oslo in Norway.

For the study, researchers used health registry records for the entire Norwegian population and identified 26,210 pregnancies in female participants with migraine at the start of pregnancy. Of those, 21,281 people, or over 80%, had taken triptans in the year before they became pregnant and 4,929 of those with migraine had not taken any triptans during that time. For those who took the drugs, researchers divided them into four groups: people who had low use of triptans and stopped using them before pregnancy (42%); people who increased using triptans six months before pregnancy and stopped using them in early pregnancy (31%); people who had moderate triptan use before pregnancy and continued into early pregnancy (21%); and people who used triptans before and during pregnancy (6%).

Then researchers followed the children born for an average of eight years and up until they were 14 years old for some. They checked health registries for diagnoses of neurodevelopmental disorders including autism spectrum disorder, behavioral disorders, learning and intellectual disabilities, speech and language and developmental coordination disorders and attention deficit hyperactivity disorder (ADHD).

Overall, 1,140 children, or 4.3%, were diagnosed with a neurodevelopmental disorder during the study. The most common were ADHD and speech and language disorders. A total of 2.2% of the children of people with the highest use of triptans were diagnosed with ADHD, compared to 2.1% of the children of people with migraine who did not use the drugs. A total of 1.1% of the children of people with the highest use of the drugs were diagnosed with speech and language disorders, compared to 1.0% of children of people who did not use the drugs. When researchers adjusted the results to account for other factors that could affect the risk of neurodevelopmental disorders, such as a parent having a neurodevelopmental disorder, folic acid intake or use of other drugs such as opioids or antidepressants, they found no increased risk for neurodevelopmental disorders among children exposed to triptans prenatally.

"Migraine affects almost one in five of people of childbearing age," Nordeng said. "While symptoms often improve during pregnancy, about 8% of people experience worsening attacks during pregnancy, which can lead to increased risks of both maternal and fetal complications, so it's vital to have treatment options available."

A limitation of the study was that researchers did not verify that people took their migraine medications, only that they filled their prescriptions, so the actual drug exposure may be different than the estimates.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250521161104.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Vitamin D supplements show signs of protection against biological aging | ScienceDaily
Results from the VITAL randomized controlled trial reveal that vitamin D supplementation helps maintain telomeres, protective caps at the ends of chromosomes that shorten during aging and are linked to the development of certain diseases. The new report, which is published in The American Journal of Clinical Nutrition, is based on data from a VITAL sub-study co-led by researchers at Mass General Brigham and the Medical College of Georgia, and supports a promising role in slowing a pathway for biological aging.


						
"VITAL is the first large-scale and long-term randomized trial to show that vitamin D supplements protect telomeres and preserve telomere length," said co-author JoAnn Manson, MD, principal investigator of VITAL and chief of the Division of Preventive Medicine at Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system. "This is of particular interest because VITAL had also shown benefits of vitamin D in reducing inflammation and lowering risks of selected chronic diseases of aging, such as advanced cancer and autoimmune disease."

Telomeres are made of repeating sequences of DNA, or base pairs, that prevent chromosome ends from degrading or fusing with other chromosomes. Telomere shortening is a natural part of aging and is associated with an increased risk of various age-related diseases.

A few short-term, small-scale studies have suggested that vitamin D or omega 3 fatty acid supplementation may help support telomeres, but results have been inconsistent. VITAL is a randomized, double-blind, placebo-controlled trial of vitamin D3 (2,000 IU/day) and omega 3 fatty acid (1 g/day) supplementation that tracked U.S. females aged 55 years and older and males aged 50 years and older for five years. The VITAL Telomere sub-study included 1,054 of these participants, whose telomere length in white blood cells was assessed at baseline and at Year 2 and Year 4.

Compared with taking placebo, taking vitamin D3 supplements significantly reduced telomere shortening over four years, preventing the equivalent of nearly three years of aging compared with placebo. Omega 3 fatty acid supplementation had no significant effect on telomere length throughout follow-up.

"Our findings suggest that targeted vitamin D supplementation may be a promising strategy to counter a biological aging process, although further research is warranted," said Haidong Zhu, PhD, first author of the report and a molecular geneticist at the Medical College of Georgia, Augusta University.
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Unlocking the secrets of bat immunity | ScienceDaily
Bats are known as natural hosts for highly pathogenic viruses such as MERS- and SARS-related coronaviruses, as well as the Marburg and Nipah viruses. In contrast to the severe and often fatal disease outcomes these viruses cause in humans, bats generally do not show obvious signs of viral illness following infection. An international research team led by Dr. Max Kellner and Prof. Josef Penninger, Scientific Director of the Helmholtz Centre for Infection Research (HZI), has developed an innovative organoid research platform that allowed them to closely investigate the cellular antiviral defense mechanisms of mucosal epithelial tissues of bats. The results have now been published in Nature Immunology and could pave the way for the development of new therapies against viral diseases.


						
To investigate the innate immune defenses against viruses at the mucosal surfaces of bats, the research team developed organoids from the respiratory and intestinal tissue of Egyptian fruit bats (Rousettus aegyptiacus), the natural host of the highly pathogenic Marburg virus and other viruses known to be threats for humans. "Due to their unique lifestyle and low reproductive rates, bats are challenging animals to study. We therefore generated organoids from mucosal bat tissue, as these epithelial cell models proliferate well in culture and mimic the initial viral exposure -- mucosal surfaces serve as entry points for many viruses into the body and orchestrate antiviral responses to infections," explains Max Kellner, who joined HZI in April 2025 as a junior research group leader to further investigate virus-host co-evolution.

The Egyptian fruit bat is the natural host of the highly pathogenic Marburg virus, which causes severe hemorrhagic fever in humans, leading to death in 30-90 % of infected individuals. Furthermore, there are no approved antiviral therapies or vaccines for Marburg virus disease to date. In close collaboration with Prof. Ali Mirazimi's team at the Karolinska Institute in Stockholm, the researchers successfully infected both bat organoids and human airway organoids with the Marburg virus in a high-security Biosafety Level 4 (S4) laboratory. Compared to the human models, bat organoids exhibited a significantly higher baseline antiviral immune activity even before infection.

"Our experiments on organoids showed that epithelial cells from Egyptian fruit bats, compared to those from humans, exhibit a significantly stronger baseline antiviral defense and an enhanced ability to induce innate immune responses to viral infections, particularly through the interferon system," explains Max Kellner. "Interferons are a central component of the innate immune system and combat viral infections by activating hundreds of antiviral genes in cells. This likely enables bats to control viral replication early in infected mucosal tissues, while human cells are less effective at recognizing the Marburg virus in the early stages of infection, allowing uncontrolled replication and spread throughout the body."

Particularly, type III interferons appeared to play a crucial role in the mucosal antiviral immunity of Egyptian fruit bats: After infection with a variety of zoonotic viruses, bat organoids exhibited an exceptionally strong production of these interferons. Through additional type III interferon stimulation experiments and genetic modifications, such as the targeted knockout of the interferon system using CRISPR/Cas9, the strong antiviral activity of these interferons was confirmed. In addition, the researchers also discovered a self-amplifying gene regulatory mechanism of type III interferon expression, which provides long-lasting protection against viruses. "The results of this study suggest that bats can effectively prevent uncontrolled viral replication through a combination of various innate immune processes, thereby avoiding viral diseases," says Josef Penninger. "For the development of antiviral therapies and the fight against future pandemics, understanding the resilience mechanisms of these animals against highly pathogenic viruses and the evolutionary adaptation of their immune systems is essential."

In addition to the novel insights into the antiviral mechanisms of bat mucosal tissues, bat organoids will offer an innovative platform for more precise studies of the complex biology of bats at the genetic and molecular levels. The research team now plans to further develop the organoid models in terms of complexity and make them available to the scientific community. "It is particularly important to us to make our findings and the newly developed platform accessible to all researchers in the spirit of democratization," says Josef Penninger. "Only by working together we can understand the complex mechanisms that evolution has shaped in animals like bats, and from this, develop new approaches for combating and treating viral diseases."

Tissue samples for organoid generation were obtained from a breeding colony of Egyptian fruit bats at the Friedrich-Loeffler-Institut (FLI) in Greifswald. The majority of the research was conducted at the Medical University of Vienna and the Institute of Molecular Biotechnology of the Austrian Academy of Sciences (IMBA) at the Vienna BioCenter, in cooperation with the HZI.
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Promising new way to modulate brain cell activity to potentially treat major depressive disorder in adults | ScienceDaily
A mechanism involving potassium channels in the brain that control brain cell activity could provide a new and fundamentally different way of treating depression symptoms in adults with major depressive disorder, according to two complementary papers published recently by researchers at the Icahn School of Medicine at Mount Sinai.


						
In two new research articles, published in Biological Psychiatry and Molecular Psychiatry, the researchers provide new insights into how a drug called ezogabine may impact the brain to improve depression.

"Depression is a devastating public health problem, and our understanding of what changes in the brain to cause the illness is still very limited," says James Murrough, MD, PhD, Director of the Depression and Anxiety Center for Discovery and Treatment at Mount Sinai and senior author of both studies. "Our work represents a major step in unraveling the potential role of a specific protein complex in the brain -- the KCNQ channel -- and how targeting it could eventually offer a significant new modality for treating depression."

Ezogabine was approved by the U.S. Food and Drug Administration in 2011 as an anticonvulsant medication for partial-onset seizures in adults with epilepsy. Previous neuroscience research in mice, conducted by researchers at The Friedman Brain Institute at Mount Sinai, suggested that increasing KCNQ channel activity could also represent a new approach to treating depression.

Building on these findings, Dr. Murrough's research team became the first to test the hypothesis in humans with depression. That study, published in the American Journal of Psychiatry in 2021, revealed ezogabine was associated with significant improvements in depression symptoms and the ability to experience pleasure (anhedonia) in patients who were treated with the drug compared to patients who received placebo. The two new papers provide details from new analyses of the human brain imaging data collected from that initial clinical trial.

The first of the two papers, published in Molecular Psychiatry, sheds light on the effects of ezogabine on a specific brain pathway. This study examined the impact of ezogabine on the ventral tegmental area (VTA) of the brain, which is involved in the release of dopamine, a neurotransmitter essential for motivation, pleasure, and reinforcement of behaviors. The results, based on functional magnetic resonance imaging, showed an important role for KCNQ channel openers like ezogabine in normalizing hyperactivity of the VTA in people with both depression and anhedonia.

"Up to half of people with depression do not respond to first-line treatment, which may be due to the lack of interventions that directly affect the neurobiology underlying symptoms like anhedonia," says Laurel S. Morris, PhD, Adjunct Professor of Psychiatry at the Icahn School of Medicine and first author of the paper. "By specifically targeting VTA activity and connectivity, ezogabine could open the door to decidedly improved outcomes for people who struggle daily with depression and anhedonia."

In a second paper, published in Biological Psychiatry, research revealed that ezogabine was able to normalize connectivity between the brain's key reward regions and larger-scale brain networks including the posterior cingulate cortex, which plays a key role in internally directed thought and negative emotions. Patients who experienced greater improvement in their depression and anhedonia when treated with ezogabine showed decreased connectivity between brain reward regions and the cingulate cortex.




Together, these two complementary studies suggest that KCNQ channel openers can potentially alleviate the specific known neurobiological changes that occur in animal models of depression as well as change the function of larger brain networks that might be uniquely used in humans to regulate thought processes such as rumination.

"These findings suggested to us that drugs targeting the KCNQ channel may trigger antidepressant effects by reducing interactions between the reward centers in the brain and those related to negative thinking and emotion," Dr. Murrough explains. "This hypothesis will require confirmation in larger clinical trials."

Dr. Murrough is a named inventor on a pending patent application for the use of ezogabine and other KCNQ channel openers to treat depression and related disorders.
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Engineered bacteria can deliver antiviral therapies, vaccines | ScienceDaily
New research from the University of Cincinnati demonstrates how specially engineered bacteria taken orally can operate as a delivery system for antiviral therapies and vaccines.


						
The research, led by Nalinikanth Kotagiri, PhD, was recently published in the journal Gut Microbes. 

Study background 

Kotagiri's lab focuses on engineering probiotic bacteria to accomplish a wide variety of functions, from breaking down cancer's defenses to imaging and diagnosing lung infections.

A few years ago, the team asked whether the same chassis, using the bacterium E.coli Nissle 1917, could ferry antiviral therapeutic agents or vaccine antigens directly to the gut, a major portal of viral entry. The team focused on the COVID-19 virus, SARS-CoV-2, for the proof of concept research.

"Oral delivery lets us target the mucosal surfaces where pathogens first gain a foothold while avoiding needles and cold-chain logistics," said Kotagiri, an associate professor in UC's James L. Winkle College of Pharmacy.

Vaccine platform 

Most engineered bacteria keep their therapeutic cargo inside the cell, but vaccines work best when antigens are presented to the immune system. The UC team therefore displayed viral proteins on the bacterial surface and harnessed outer-membrane vesicles (OMVs) -- nano-sized spheres that bacteria naturally shed -- to act as self-propelled delivery vehicles. Once released, OMVs traffic through the gut epithelium, enter blood circulation and distribute their payload to distant tissues.




Nitin S. Kamble, PhD, a research scientist in Kotagiri's lab, systematically screened anchor motifs and expression cassettes to optimize antigen density on the probiotic surface. For the vaccine version, the bacteria was designed to express the spike protein found on the surface of the virus that causes COVID-19. This same spike protein is currently delivered through mRNA COVID-19 vaccines.

Kotagiri said current vaccines are safe and effective at providing what is called systemic immunity, as antibodies move throughout the whole body in the bloodstream. But there are gateways in the body where viruses typically enter -- through mucosal lining in the gastrointestinal system, lungs and other organs -- that can be targeted to provide what is called mucosal immunity.

In preclinical animal studies, a two-dose oral regimen generated blood-borne (systemic) antibody levels comparable to intramuscular mRNA vaccination. Notably, it produced markedly higher levels of secretory immunoglobulin A (IgA) in the gut and airways -- the antibodies that underlie mucosal immunity, considered critical for blocking infection at the point of entry.

Therapy platform 

While vaccines are delivered before a person is infected with a virus, antiviral therapies such as monoclonal antibodies are given as a treatment after infection.

The team developed another version of engineered E.coli Nissle 1917 to display therapeutic proteins on the surface. To create a post-exposure therapy, the team encoded anti-spike nanobodies: antibodies that are one-tenth the size of conventional monoclonal antibodies.




Although full viral-challenge studies are pending, nanobodies released from the engineered bacteria reached the bloodstream, likely facilitated by OMVs, and accumulated in lung tissue, where they neutralized SARS-CoV-2 in ex-vivo assays.

''A unique aspect of this approach is the use of OMVs as natural postmasters, efficiently packaging and delivering these therapeutic molecules to their intended targets,'' said Kamble. "OMVs can fuse with host cells and deliver a concentrated payload of therapeutic proteins, making them ideal for mucosal delivery."

Current IV infusions typically deliver a larger quantity of monoclonal antibodies, but because the probiotic can reside in the gut for days or weeks, it offers a self-renewing and sustained depot of antiviral molecules.

Next steps 

Now that the team has optimized the bacteria for this purpose, Kotagiri has identified an opportunity for quick adaptation of this platform to develop oral vaccines and therapies for common viruses like influenza and norovirus.

"All that optimization was necessary for us to prove that this is a platform that we can take forward," he said. "If you have a nanobody or antigens against a virus, we can plug that into our construct."

Clinical trials will validate the safety and efficacy of this delivery system for new engineered bacteria targeting other viruses. But Kotagiri said that so far the engineered bacteria have been found to be safe to use and do not generate any adverse immune response or side effects in animal models. Moreover, the parent strain of bacteria has decades of safe use as a probiotic.

"In the future, maybe we can integrate both agents so the same bacteria has both the vaccine and the nanobody therapy components," he said. "But the common denominator is the bacteria, where it has the versatility to do both vaccination and therapy, orally."

Other coauthors include Shindu Thomas, Tushar Madaan, Nadia Ehsani, Saqib Sange, Kiersten Tucker, Alexis Muhumure and Sarah Kunkler. Kamble and Kotagiri have filed a patent application with the U.S. Patent and Trademark Office related to this work. All other authors declare no competing interests.

This work was supported by grants from NIH: R01HL168588, R01CA279962; CDMRP: ME200246; University of Cincinnati Office of Research and College of Pharmacy to Kotagiri.
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Emotional expressions shape how help is received in the workplace | ScienceDaily
The way people express emotions while helping others can influence whether their assistance is welcomed, resented, or reciprocated, according to new research from Washington State University's Carson College of Business.


						
The study, led by Stephen Lee, assistant professor of management, found that helpers who express emotions like gratitude and sympathy are more likely to be seen as having genuine motives and are more likely to foster trust and future collaboration. Conversely, when helpers display pride or contempt, their motives are often questioned, weakening relationships and reducing the likelihood of reciprocation.

"In the workplace, we often encourage helping behaviors, but not all help is perceived the same way," Lee said. "It's not just whether you help, but how you help -- and the emotions you express -- that shape how people respond."

The research paper, "Emotional Signaling: How Helpers' Emotional Expressions Affect Attributions of Motives, Relationship Quality, and Reciprocation," is coauthored with Michael D. Johnson at the University of Washington and published in the Academy of Management Journal.

While past research often treated helping behavior as universally positive, the new findings suggest that recipients actively interpret emotional cues when deciding whether to trust and reciprocate help.

"Recipients are not passive; they pick up on emotional signals and use them to infer why someone is helping," Lee said. "If they sense the helper is motivated by self-interest or obligation, it changes the way they perceive the help and whether they feel inclined to return the favor."

The findings were based on three studies and a preliminary pilot study involving working adults and student participants. Participants were asked to either recall real-world helping experiences, take part in an interactive task in a behavioral lab, or respond to a vignette simulating interactions with a coworker.




Across all the studies, socially engaging emotions consistently led to perceptions of prosocial motives, stronger relationships, and greater willingness to reciprocate.

For leaders and managers, the study highlights the role of emotional expressions in shaping a culture of collaboration. Rather than encouraging helping behavior for its own sake, Lee recommends fostering a workplace environment where employees feel genuine gratitude for their colleagues and develop a natural sense of sympathy for others' challenges.

"Helping that stems from gratitude or concern for others is more likely to create positive, lasting relationships," Lee said. "If leaders can model those kinds of emotions in how they help their teams, it sets the tone for a more supportive and engaged workplace."

At the individual level, employees can also benefit by reflecting on their own experiences of receiving help or by practicing perspective-taking -- approaches that naturally foster more authentic emotions and social connections.

"When we express genuine gratitude or sympathy, we're not just benefiting ourselves," Lee said. "We're strengthening our workplace relationships and building a more resilient culture of collaboration."
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A new technology for extending the shelf life of produce | ScienceDaily
We've all felt the sting of guilt when fruit and vegetables go bad before we could eat them. Now, researchers from MIT and the Singapore-MIT Alliance for Research and Technology (SMART) have shown they can extend the shelf life of harvested plants by injecting them with melatonin using biodegradable microneedles.


						
That's a big deal because the problem of food waste goes way beyond our salads. More than 30 percent of the world's food is lost after it's harvested -- enough to feed more than 1 billion people. Refrigeration is the most common way to preserve foods, but it requires energy and infrastructure that many regions of the world can't afford or lack access to.

The researchers believe their system could offer an alternative or complement to refrigeration. Central to their approach are patches of silk microneedles. The microneedles can get through the tough, waxy skin of plants without causing a stress response, and deliver precise amounts of melatonin into plants' inner tissues.

"This is the first time that we've been able to apply these microneedles to extend the shelf life of a fresh-cut crop," says Benedetto Marelli, the study's senior author, associate professor of civil and environmental engineering at MIT, and the director of the Wild Cards mission of the MIT Climate Project. "We thought we could use this technology to deliver something that could regulate or control the plant's post-harvest physiology. Eventually, we looked at hormones, and melatonin is already used by plants to regulate such functions. The food we waste could feed about 1.6 billion people. Even in the U.S., this approach could one day expand access to healthy foods."

For the study, which will appear in Nano Letters, Marelli and researchers from SMART applied small patches of the microneedles containing melatonin to the base of the leafy vegetable pak choy. After application, the researchers found the melatonin was able to extend the vegetables' shelf life by four days at room temperature and 10 days when refrigerated, which could allow more crops to reach consumers before they're wasted.

"Post-harvest waste is a huge issue. This problem is extremely important in emerging markets around Africa and Southeast Asia, where many crops are produced but can't be maintained in the journey from farms to markets," says Sarojam Rajani, co-senior author of the study and a senior principal investigator at the Temasek Life Sciences Laboratory in Singapore.

Plant destressors

For years, Marelli's lab has been exploring the use of silk microneedles for things like delivering nutrients to crops and monitoring plant health. Microneedles made from silk fibroin protein are nontoxic and biodegradable, and Marelli's previous work has described ways of manufacturing them at scale.




To test microneedle's ability to extend the shelf life of food, the researchers wanted to study their ability to deliver a hormone known to affect the senescence process. Aside from helping humans sleep, melatonin is also a natural hormone in many plants that helps them regulate growth and aging.

"The dose of melatonin we're delivering is so low that it's fully metabolized by the crops, so it would not significantly increase the amount of melatonin normally present in the food; we would not ingest more melatonin than usual," Marelli says. "We chose pak choy because it's a very important crop in Asia, and also because pak choy is very perishable."

Pak choy is typically harvested by cutting the leafy plant from the root system, exposing the shoot base that provides easy access to vascular bundles which distribute water and nutrients to the rest of the plant. To begin their study, the researchers first used their microneedles to inject a fluorescent dye into the base to confirm that vasculature could spread the dye throughout the plant.

The researchers then compared the shelf life of regular pak choy plants and plants that had been sprayed with or dipped into melatonin, finding no difference.

With their baseline shelf life established, the researchers applied small patches of the melatonin-filled microneedles to the bottom of pak choy plants by hand. They then stored the treated plants, along with controls, in plastic boxes both at room temperature and under refrigeration.

The team evaluated the plants by monitoring their weight, visual appearance, and concentration of chlorophyll, a green pigment that decreases as plants age.




At room temperature, the leaves of the untreated control group began yellowing within two or three days. By the fourth day, the yellowing accelerated to the point that the plants likely could not be sold. Plants treated with the melatonin-loaded silk microneedles, in contrast, remained green on day five, and the yellowing process was significantly delayed. The weight loss and chlorophyll reduction of treated plants also slowed significantly at room temperature. Overall, the researchers estimated the microneedle-treated plants retained their saleable value until the eighth day.

"We clearly saw we could enhance the shelf life of pak choy without the cold chain," Marelli says.

In refrigerated conditions of about 40 degrees Fahrenheit, plant yellowing was delayed by about five days on average, with treated plants remaining relatively green until day 25.

"Spectrophotometric analysis of the plants indicated the treated plants had higher antioxidant activity, while gene analysis showed the melatonin set off a protective chain reaction inside the plants, preserving chlorophyll and adjusting hormones to slow senescence," says Monika Jangir, co-first author and former postdoc at the Temasek Life Sciences Laboratory.

"We studied melatonin's effects and saw it improves the stress response of the plant after it's been cut, so it's basically decreasing the stress that plant's experience, and that extends its shelf life," says Yangyang Han, co-first author and research scientist at the Disruptive and Sustainable Technologies for Agricultural Precision (DiSTAP) interdisciplinary research group at SMART.

Toward postharvest preservation

While the microneedles could make it possible to minimize waste when compared to other application methods like spraying or dipping crops, the researchers say more work is needed to deploy microneedles at scale. For instance, although the researchers applied the microneedle patches by hand in this experiment, the patches could be applied using tractors, autonomous drones, and other farming equipment in the future.

"For this to be widely adopted, we'd need to reach a performance versus cost threshold to justify its use," Marelli explains. "This method would need to become cheap enough to be used by farmers regularly."

Moving forward, the research team plans to study the effects of a variety of hormones on different crops using its microneedle delivery technology. The team believes the technique should work with all kinds of produce.

"We're going to continue to analyze how we can increase the impact this can have on the value and quality of crops," Marelli says. "For example, could this let us modulate the nutritional values of the crop, how it's shaped, its texture, etc.? We're also going to continue looking into scaling up the technology so this can be used in the field."

The work was supported by the Singapore-MIT Alliance for Research and Technology (SMART) and the National Research Foundation of Singapore.
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Scientists design gene delivery systems for cells in the brain and spinal cord | ScienceDaily
Research teams funded by the National Institutes of Health (NIH) have created a versatile set of gene delivery systems that can reach different neural cell types in the human brain and spinal cord with exceptional accuracy. These delivery systems are a significant step toward future precise gene therapy to the brain that could safely control errant brain activity with high precision. In contrast, current therapies for brain disorders mostly treat only symptoms.


						
The new delivery systems carry genetic material into the brain and spinal cord for targeted use by specific cell types. This platform has the potential to transform how scientists can study neural circuits. It provides researchers with gene delivery systems for various species used in research, without the need for genetically modified, or transgenic, animals. Examples include illuminating fine structures of brain cells with fluorescent proteins and activating or silencing circuits that control behavior and cognition.

"Imagine this new platform as a delivery truck dropping off specialized genetic packages in specific cell neighborhoods in the brain and spinal cord," said John Ngai, Director of the NIH's Brain Research Through Advancing Innovative Neurotechnologies(r) Initiative, orThe BRAIN Initiative(r). "With these delivery systems, we can now access and manipulate specific cells in the brain and spinal cord -- access that was not possible before at this scale."

The new delivery tools, which use a small, stripped-down adeno-associated virus (AAV) to deliver DNA to target cells, can be broadly applied across many species and experimental systems, including small tissue samples removed during human brain surgeries. The delivery systems have been tested, or validated, in intact living systems, which is an important step for introducing new tools for widespread use. The newly published toolkit includes:
    	Dozens of delivery systems that selectively target key brain cell types, including excitatory neurons, inhibitory interneurons, striatal and cortical subtypes, brain blood vessel cells, and hard-to-reach neurons in the spinal cord that control body movement and are damaged in several neurological diseases, such as amyotrophic lateral sclerosis (ALS) and spinal muscular atrophy
    	Computer programs powered by artificial intelligence (AI) that can identify genetic "light switches," known as enhancers, that turn genes on in specific brain cell types, using data from many different species -- cutting considerable time and effort for scientists looking for these genetic switches.

Overall, this collection of research tools will significantly accelerate understanding of the human brain. Importantly, the toolkit enables access to specific brain cell types in the prefrontal cortex, an area that's critical for decision-making and uniquely human traits. With other tools in the collection, scientists can better study individual cells and communication pathways known to be affected in several neurological diseases. These include seizure disorders, ALS, Parkinson's disease, Alzheimer's disease, and Huntington's disease -- as well as various neuropsychiatric conditions.

AAV-based treatments are already approved for some conditions, such as spinal muscular atrophy for which a 2016 approval of a gene therapy known as Zolgensma transformed the lives of infants and young children who once faced severe disability or early death. The new collection of gene delivery resources lays the groundwork for more precise treatments that target only affected cells in the brain, spinal cord, or brain blood vessels.

The toolkit is available at distribution centers including Addgene, a global supplier of genetic research tools. This collection of publications offers researchers standard operating procedures and user guides for these tools.

The work is supported by the NIH's Brain Research Through Advancing Innovative Neurotechnologies(r) Initiative, orThe BRAIN Initiative(r). Funding issued less than four years ago launched a large-scale, team-run project to design new molecular tools that can be useful to many research laboratories. The Armamentarium for Precision Brain Cell Access aims to develop precise and reproducible access to cells and circuits in experimental research models of the brain and spinal cord. The large-scale project brings together experts in the field of molecular biology, neuroscience, and artificial intelligence (AI). The eight papers appear in the May 21 issue of the journals Neuron, Cell, Cell Reports, Cell Genomics, and Cell Reports Methods.

Grants: UF1MH130701, UH3MH120096, U24MH133236, UF1MH128339, UM1MH130981, R01MH123620, U19MH114830, P510D010425, U420D011123, S10MH126994, UH3MH120094, UF1MH130881, F30DA053020, R01FD007478, U01AG076791, R35GM127102, RF1MH114126, UH3MH120095, RF1MH121274, R01MH113005, UH3MH120095

Further information: https://www.cell.com/consortium/brain-armamentarium
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Live view: Stress-induced changes in generations of cancer cells | ScienceDaily
Cancer cells respond to stress with greater diversity. Drugs that affect DNA replication, or radiation that causes direct DNA damage, lead to increasingly diverse offspring over multiple cell generations. This increases the tumor's genetic complexity and facilitates the development of resistance to therapy. UZH researchers have now investigated the emergence of cellular diversity in real time.


						
Cells are the smallest units of life. But even within the same tissue or organ, they are not all identical. New variations arise continuously during cell proliferation. While genetic mutations alter the DNA sequence, epigenetic changes influence gene activity. The resulting cellular diversity is double-edged: On the one hand, heterogeneity aids development and adaptation to stress. On the other hand, it can lead to diseases such as cancer or reduce the effectiveness of therapies.

Tracking how cancer cells develop in real time

How these differences in the genome and in epigenetic control arise in cells, and how they are passed on to their daughter and granddaughter cells, has not yet been studied in detail. Now, researchers at the University of Zurich (UZH) have devised a method that allows them to track live under the microscope how cells develop and how cellular heterogeneity arises over several cell generations.

Using CRISPR-based genome editing, they attached fluorescent markers to two proteins: one to track the process of DNA replication and one to mark acquired DNA damage. "This allowed us to monitor over several cell generations how cancer cells respond to different stress factors and how this increases heterogeneity within the cell population," says Merula Stout, UZH PhD student at the Department of Molecular Mechanisms of Disease and co-first author of the study.

Daughter cells vary significantly after stress

In addition to real-time measurements under the microscope, the researchers examined various endpoints, such as the strength of different stress signals in daughter and granddaughter cells. They then superimposed these measurements on the observed developmental trajectory of the same cells. "Using such cell family tree analyses, we were able to show that daughter cells no longer behave synchronously after cell division if the mother cell was exposed to stress," says Stout.




According to the researcher, significant differences were found, for example, in the onset and duration of DNA replication and in the production of proteins that regulate the cell cycle. These differences continued in the next cell generation, thus increasing the heterogeneity in the cell population. DNA damage and stress therefore not only have short-term consequences, but also long-term effects on the diversity of cells.

Multiple genome copies promote resistance to therapy

Computer-assisted cell tracking also provided direct insights into how polyploidy arises in cells. In this process, cancer cells receive multiple copies of the genome. This in turn increases genetic complexity, allowing cells to adapt more quickly and develop resistance mechanisms against drugs.

The combination of real-time and endpoint measurements showed that different pathways towards polyploidy have different effects on the stability of the genome, thereby influencing the fitness of the cells. "We now have a better understanding of how cells with multiple copies of their genome develop. Potentially, our findings can be used to modulate the ways how polyploidy occurs and to better tailor therapies," says UZH postdoc and co-first author Andreas Panagopoulos.

Just the tip of the iceberg

This study is the first to show in detail how different mechanisms influence genetic stability across multiple cell generations and increase heterogeneity between individual cells. The research team led by UZH professor Matthias Altmeyer aims to further develop and automate the method in collaboration with the technology platforms of UZH. "For research questions primarily concerned with single-cell and complex heterogeneity analyses rather than average effects, large amounts of data obtained in high throughput are required, and analyzing them may benefit from help by AI. It is very likely that we currently only see the proverbial tip of the iceberg," says group leader Altmeyer.
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Clinical trial shows improvements for spinal cord injuries | ScienceDaily
In a new clinical study, researchers from the Texas Biomedical Device Center (TxBDC) at The University of Texas at Dallas demonstrated unprecedented rates of recovery for spinal cord injuries.


						
In this study, published in the journal Nature on May 21, individuals with incomplete spinal cord injury safely received a combination of stimulation of a nerve in the neck with progressive, individualized rehabilitation. This approach, called closed-loop vagus nerve stimulation (CLV), produced meaningful improvements in arm and hand function in these individuals.

The unprecedented results position the UT Dallas scientists to proceed with a pivotal trial -- the final hurdle on the road to potential Food and Drug Administration (FDA) approval of vagus nerve stimulation for treatment of upper-limb impairment due to spinal cord injury.

This approach is based on over a decade of neuroscience and bioengineering efforts by investigators at UT Dallas. The therapy uses electrical pulses sent to the brain via a tiny device implanted in the neck and timed to occur during rehabilitative exercises. Previous work by UT Dallas researchers has demonstrated that stimulating the vagus nerve during physical therapy can rewire areas of the brain damaged by stroke and lead to improved recovery.

Dr. Michael Kilgard, the Margaret Fonde Jonsson Professor of neuroscience in the School of Behavioral and Brain Sciences and corresponding author, explained that treating spinal cord injury with CLV is different than conditions targeted in earlier studies.

"In stroke, people who do only therapy may get better, and adding CLV multiplies that improvement," he said. "This study is different: Therapy alone for spinal cord injury didn't help our participants at all."

The trial involved 19 participants with chronic, incomplete cervical spinal cord injury. Each person performed 12 weeks of therapy, playing simple video games to trigger specific upper-limb movements. The implant was activated upon successful movements, resulting in significant benefits for arm and hand strength.




"These activities allow patients to regain strength, speed, range of motion and hand function. They simplify daily living," said Dr. Robert Rennaker, professor of neuroscience and the Texas Instruments Distinguished Chair in Bioengineering, who designed the miniature implanted CLV device.

The study served as both a Phase 1 and Phase 2 clinical trial and included randomized placebo control in its first phase, in which nine of the 19 participants received sham stimulation rather than active treatment during the first 18 therapy sessions, then received CLV in the latter 18 sessions.

The participants ranged in age from 21 to 65 and were from one to 45 years post-injury. Neither of those factors, nor the severity of the impairment in those with any hand movement, influenced the degree of response to treatment.

"This approach produces results regardless of these factors, which often cause significant differences in success rates of other types of treatment," said study co-author Dr. Jane Wigginton, medical doctor and chief medical officer at TxBDC, co-director of UTD's Clinical and Translational Research Center, and medical science research director at the Center for BrainHealth.

"It is remarkable from a medical standpoint," said Wigginton, who planned the clinical interactions and patient protections for the trial.

TxBDC has worked to treat a wide variety of conditions using CLV across 13 years of research. As a result, the FDA has approved vagus nerve stimulation for treating impaired upper-limb movement in stroke patients.




Wigginton said the latest results are especially exciting because they help people for whom there is no existing solution.

"The people in this study have now gained the ability to do things that are meaningful for them and impactful in their lives."

The newest generation of the implantable CLV device, designed by Rennaker, is approximately 50 times smaller than their version from three years ago. It does not prevent patients from receiving MRIs, CT scans or ultrasounds.

A Phase 3 pivotal trial will include 70 participants at multiple U.S. institutions that specialize in spinal cord injury.

Co-author Dr. Seth Hays, associate professor of bioengineering and Fellow, Eugene McDermott Distinguished Professor in the Erik Jonsson School of Engineering and Computer Science, has been with the CLV project dating back to the earliest studies.

"Prior to this study, no person with spinal cord injury had ever received CLV," he said. "This is the first evidence that gains can be made. Now we will set about determining how we make this optimally effective."

Hays cautioned that it is not a foregone conclusion that the therapy will make it to patients after the next trial.

"We still have a long road ahead. For many reasons -- financial, regulatory or scientific -- this could still die on the vine," he said. "But we have positioned ourselves to succeed."

The research team emphasized the importance of the dozens of people involved in the work -- both the patients and TxBDC's partners at Baylor University Medical Center, Baylor Scott & White Research Institute and Baylor Scott & White Institute for Rehabilitation.

"This has been the hardest working, most altruistic group of professionals, and that has been incredibly impactful," Wigginton said.

Noting that even outpatient surgery is complex for those with impaired mobility, Rennaker added, "These patients said, 'Put that device in me' -- that's a huge commitment. They deserve credit for paving the path for others."

Other UTD-affiliated co-authors included Joseph Epperson BS'20, PhD'24, TxBDC research associate; cognition and neuroscience doctoral student Emmanuel Adehunoluwa MS'23; Amy Porter MBA'20, TxBDC director of operations; Holle Carey Gallaway MBA'23, TxBDC research biomedical engineer; and David Pruitt MS'14, PhD'16.

Kilgard has a financial interest in MicroTransponder Inc., which markets vagus nerve stimulation therapy for stroke. Rennaker is the founder and CEO of XNerve, which developed the device used in this study.

The research was funded by a grant (N66001-17-2-4011) from the Defense Advanced Research Projects Agency (DARPA), an agency of the Department of Defense, as well as the Wings for Life Accelerated Translational Program.
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New genetic test can diagnose brain tumors in as little as two hours | ScienceDaily
Scientists and medics have developed an ultra-rapid method of genetically diagnosing brain tumours that will cut the time it takes to classify them from 6-8 weeks, to as little as two hours -- which could improve care for thousands of patients each year in the UK.


						
The groundbreaking method, which is detailed in a new study published today in Neuro-Oncology, has been developed by scientists at the University of Nottingham along with clinicians at Nottingham University Hospitals NHS Trust (NUH).

In the published work, the team at NUH utilised the new approach during 50 brain tumour surgeries to deliver rapid, intraoperative diagnoses. This approach has achieved a 100% success rate, providing diagnostic results in under two hours from surgery and detailed tumour classifications within minutes of sequencing. Moreover, the platform's ability to continue sequencing enables a fully integrated diagnosis within 24 hours.

Every day in the UK 34* people are diagnosed with some form of brain tumour, equating to more than 12,000 cases a year. The average survival rate can be less than a year for the most aggressive brain cancers.

Brain tumours require complex genetic tests to diagnose, which clinicians currently have to send away to centralised analysis facilities. It can take 6-8 weeks or more to get full results to be able to inform patients what type of tumour they have and their prognosis. This long wait is extremely traumatic for patients, and also delays the start of radiotherapy and chemotherapy which may reduce the chances of treatment working.

The team of experts in Nottingham have developed an ultra-rapid way of genetically diagnosing brain tumours that will eliminate this delay. The method is so quick that they can even get results within a couple of hours and potentially make this information available to the surgeon during the operation to inform surgical decision making.

Dr Stuart Smith is a Neurosurgeon from the School of Medicine at the University and within NUH.




He said: "Traditionally, the process of diagnosing brain tumours has been slow and expensive. Now, with this new technology we can do more for patients because we can get answers so much more quickly which will have a much bigger influence on clinical decision making, in as little as two hours. Patients find waiting many weeks for results extremely difficult and this adds to the anxiety and worry at what is already a very difficult time."

"This type of operation can be quite long, so potentially, a surgeon could be informed during surgery of the accurate diagnosis, which would then impact on the surgical strategy."

The current treatment pathway starts with an MRI scan to ascertain the presence of a tumour, patients will speak to clinicians to discuss the possibilities of what type of tumour they may have. For many tumour types people would then undergo some form of surgery to obtain a sample of the tumour, which currently is sent away to centralised labs for testing to look for abnormalities in the DNA -- which will determine what type of tumour it is.

Traditionally experts would then look at the specimens and the neuropathology view would be to try and identify the cells visually. But in the last few years the process has changed and tumours are categorised on the DNA and genetic abnormalities -- which traditionally is a slow process due to technological limitations.

Professor Matt Loose, a biologist from the School of Life Sciences at the University of Nottingham developed a method to sequence specific parts of human DNA at higher depth using Oxford Nanopore Technologies portable sequencing devices. This method allows relevant parts of the human genome to be examined much more quickly and multiple regions of DNA sequenced at the same time -- speeding up the whole process.

The team have now used this method to genetically test brain tumour samples.




ROBIN, a software tool based on the P2 PromethION nanopore sequencers, sequences the DNA by detecting the change in current flow as single molecules of DNA pass through a nanopore -- or tiny hole -- in a membrane.

Professor Loose said: "When we first were able to sequence an entire human genome in 2018, it took around five labs and six months to do, which obviously isn't ideal when time is of the essence for a patient. This new method now allows us to choose the bits of DNA that we need to look at in order to answer specific questions, such as what type of tumour and how can it be treated. Combined with our later research where we were able to look at relevant parts of the human genome more quickly -- then we now have a process where we can use ROBIN to create comprehensive classifications of tumours more quickly.

"Once we have a sample from a patient, we can now quickly extract the DNA and look at the different properties to give us the information we need. Methylation is the one we are most interested in early on in this instance because that defines the tumour type."

Once a sample has been removed during surgery, it is sent to the pathology lab, where they would extract DNA before it being sent to the team to sequence.

Dr Simon Paine, a Consultant Neuropathologist at NUH said: "This new method of diagnosing brain tumours is going to be a game changer, it really is revolutionary. It not only increases the speed at which the results will be available, but the degree of accuracy of the diagnosis as well is incredible."

The team are now looking to get the new testing rolled out at NHS Trusts across the UK.

"Not only is the test more accurate and quicker, but it is also cheaper than current methods," said Professor Loose. "Our calculations stand at around PS450 per person, potentially less when scaled-up. There are a few reasons for this. Our method can eliminate the need for four to five separate tests, reducing costs as a consequence as we are getting more information from the single test we do. Most importantly, it delivers results to the patients when they need them."

Dr Simon Newman, Chief Scientific Officer at The Brain Tumour Charity, said: "The delivery of an accurate diagnosis within hours of surgery will be transformative for all patients ensuring rapid access to the optimal standard of care and -- crucially -- removing the uncertainty patients face when having to wait weeks for their diagnosis and prognosis.

"The potential to combine so many separate tests into one and deliver at a localised level is a game changer for driving equity of access to rapid and accurate molecular diagnosis. The BRAIN MATRIX Trial, funded by the Brain Tumour Charity, is now exploring how this technology can match patients to personalised clinical trials across the UK."
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Thinking peers drink more drives risky behavior | ScienceDaily
Growing up in a close-knit community in Ghana, Joshua Awua saw firsthand how strong social bonds could also bring pressure to fit in -- especially when it came to alcohol.


						
"Social connection was everything, and sometimes that came with pressure to conform, including drinking," said Dr. Awua, a postdoctoral research associate in The University of Texas at Arlington's School of Social Work. "I remember how hanging out with peers and even my older siblings often centered on drinking."

That experience now fuels his research. Awua recently co-published a study with colleagues -- including UT Arlington mentor Micki Washburn -- titled "Perceived Norms and Alcohol-Related Consequences: The Moderated Mediation Roles of Protective Behavioral Strategies and Alcohol Consumption" in the journal Substance Use & Misuse.

The study explores how social influences, particularly peer pressure, impact substance use -- and misuse -- among young adults. A confidential online survey on alcohol use was given to 524 students at a large public university (not UTA).

College students are particularly at risk of misperceiving their peers' alcohol consumption partly due to a variety of campus social events where alcohol is served such as parties, tailgating, and pre-gaming, which can influence their personal drinking outcomes by feeling pressured to keep up. Protective behavioral strategies, known as PBS, can help college students make healthier choices around alcohol, Awua said, highlighting it as a key finding of the study.

"We might think our peers are having five or six drinks in a day, so we can also drink that amount," Awua said. "But it has been established that this is mostly inaccurate. That misperception can lead to heavy episodic drinking and negative consequences."

To address those misperceptions, the study points to PBS techniques, such as drinking slowly and avoiding drinking games, as effective ways to reduce the influence of perceived norms. Even when students believe their peers are drinking heavily, these strategies can help them stay in control and avoid risky behaviors.




"If we utilize some of these simple but effective strategies, we're more likely to reduce the stress or the negative consequences associated with alcohol use," Awua said.

The 2023 National Survey on Drug Use and Health (NSDUH) found that nearly half of full-time college students ages 18 to 25 reported drinking alcohol within the past month, with 29.3% engaging in binge drinking. The consequences can be severe: An estimated 1,519 college students die each year from alcohol-related unintentional injuries, including motor vehicle crashes. Other outcomes include increased incidents of assault, academic problems and alcohol use disorder.

Those risks can be reduced by using protective behavioral strategies, Awua said.

"What the evidence shows, and what our study confirmed, is that once students begin to use these strategies, they reduce the risk of experiencing negative consequences like drunk driving," Awua said. "Ultimately, they're supporting their own health by reducing risks. Over time, the consistent use of these strategies can help lower the overall rates of substance-related harm."
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Landmark report reveals key challenges facing adolescents | ScienceDaily
Poor mental health, rising obesity rates, exposure to violence and climate change are among the key challenges facing our adolescents today, according to a global report.


						
The landmark report, by experts in adolescent health including from Murdoch Children's Research Institute (MCRI), has revealed how supporting young people's health and wellbeing could improve economic, social and public health for generations to come.

The 2025 Lancet Commission on Adolescent Health and Wellbeing found investment in adolescents' health and wellbeing doesn't match the scale of the problems faced by young people. Bringing together 44 Commissioners and 10 Youth Commissioners, the Commission stated while adolescents make up 24 per cent of the population (about two billion people), they receive just 2.4 per cent of global development and health funding.

By 2030, more than half of adolescents will be living in countries where their demographic experiences an excess burden of complex disease.

The report found the ongoing challenges faced by this age group included:
    	High cases of poor mental health and limited support services
    	Increasing rates of obesity due to complex environmental and commercial factors
    	Lack of digital safety and exposure to cyberbullying and misinformation
    	Experiencing violence in conflict-affected areas and within the home
    	Ongoing fallout from the COVID-19 pandemic and related public health measures
    	Widening gaps in reproductive rights, particularly for young women
    	Environmental challenges and climate change impacts

Published in The Lancet, the report predicted that by 2050, 70 per cent of the world's adolescents will be living in urban areas. While this potentially brings benefits, rapid unplanned urbanisation may also accelerate poverty, isolation and insecure housing, it found.

The report stated that urban, public spaces should be more amenable and tailored to young people, such as safe and engaging spaces to congregate, which would have a powerful effect on health outcomes.




It also found urgent action was required to better protect young people from violence and ensure equitable access to education and reproductive rights. Almost half of adolescents have experienced violence, profoundly impacting their social and emotional development and wellbeing. Whilst global efforts have largely closed the gender gap in high school education, by 2030, almost a third of young women will not be in post-secondary education, employment or training.

MCRI Professor Peter Azzopardi said there was a great need for targeted actions that focused on early intervention.

"Meaningful, evidence-based, multi-sector partnerships with young people will be the key to improving health and wellbeing," he said. But we must remain accountable by ensuring that any progress is monitored closely and reported on regularly. As our population ages and fertility rates decline, the health of our adolescents becomes even more crucuial."

Potential solutions and actions outlined included:
    	Advocating for change and amplifying the needs and voices of young people
    	Developing goal-centred approaches through the Office of the UN Secretary with a focus on measuring and improving adolescent health and wellbeing
    	Involving young people in community-based environmental programs
    	Scaling up public health programs that improve sexual and reproductive health outcomes and reduce gender-based violence
    	Strengthening actions within health and education sectors while reinforcing collaborations
    	Limiting the exposure of advertising targeting adolescents
    	Promoting and encouraging the healthy use of social media and online spaces

MCRI Professor Susan Sawyer said partnerships with young people were a cornerstone of the report, which aimed to draw on their capability and leadership to help shape the world they wanted to live in.

"This report represents a wealth of current information about the state of our young people's health," she said. The findings are alarming and they demand urgent action and accountability, in collaboration with adolescents, to create safer spaces and meaningful change."

But Professor Sawyer said lack of national leadership around adolescent health remained a major barrier to overcoming the challenges.

"A common myth is that adolescents are healthy and therefore don't need health services," she said. Yet our findings show that in every country, adolescents need access to responsive health services that can confidentially identify and respond to their emerging health needs."

The report will be launched at the World Health Organization's 78th Health Assembly in Geneva.
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How serious is your brain injury? New criteria will reveal more | ScienceDaily

After more than half a century, assessment of traumatic brain injuries gets an overhaul.

Clinicians say the proposed framework will lead to more accurate diagnoses and treatment, providing more rigorous care for some patients and preventing premature discussions about halting life support in others.

Trauma centers nationwide will begin to test a new approach for assessing traumatic brain injury (TBI) that is expected to lead to more accurate diagnoses and more appropriate treatment and follow-up for patients.

The new framework, which was developed by a coalition of experts and patients from 14 countries and spearheaded by the National Institutes of Health, expands the assessment beyond immediate clinical symptoms. Added criteria would include biomarkers, CT and MRI scans, and factors, such as other medical conditions and how the trauma occurred.

The framework appears in the May 20 issue of Lancet Neurology.

For 51 years, trauma centers have used the Glasgow Coma Scale to assess patients with TBI, roughly dividing them into mild, moderate and severe categories, based solely on their level of consciousness and a handful of other clinical symptoms.




That diagnosis determined the level of care patients received in the emergency department and afterward. For severe cases, it also influenced the guidance doctors gave the patients' families, including recommendations around removal of life support. Yet, doctors have long understood that those tests did not tell the whole story.

"There are patients diagnosed with concussion whose symptoms are dismissed and receive no follow-up because it's 'only' concussion, and they go on to live with debilitating symptoms that destroy their quality of life," said corresponding author Geoffrey Manley, MD, PhD, professor of neurosurgery at UC San Francisco and a member of the UCSF Weill Institute for Neurosciences. "On the other hand, there are patients that were diagnosed with 'severe' TBI, leading full lives, whose families had to consider removing life-sustaining treatment."

In the United States, TBI resulted in approximately 70,000 deaths in 2021 and accounts for about half-a-million permanent disabilities each year. Motor vehicle accidents, falls, and assault are the most common causes.

New system will better match patients to treatments

Known as CBI-M, the framework comprises four pillars -- clinical, biomarker, imaging, and modifiers -- that were developed by working groups of federal partners, TBI experts, scientists, and patients.

"The proposed framework marks a major step forward," said co-senior author Michael McCrea, PhD, professor of neurosurgery and co-director of the Center for Neurotrauma Research at the Medical College of Wisconsin in Milwaukee. "We will be much better equipped to match patients to treatments that give them the best chance of survival, recovery, and return to normal life function."

The framework was led by the NIH National Institute of Neurological Disorders and Stroke (NIH-NINDS), for which Manley, McCrea, and their co-first and co-senior authors are members of the steering committee on improving TBI characterization.




The clinical pillar retains the Glasgow Coma Scale's total score as a central element of the assessment, measuring consciousness along with pupil reactivity as an indication of brain function. The framework recommends including the scale's responses to eye, verbal, and motor commands or stimuli, presence of amnesia and symptoms like headache, dizziness, and noise sensitivity.

"This pillar should be assessed as first priority in all patients," said co-senior author Andrew Maas, MD, PhD, emeritus professor of neurosurgery at the Antwerp University Hospital and University of Antwerp, Belgium. "Research has shown that the elements of this pillar are highly predictive of injury severity and patient outcome."

Biomarkers, imaging, modifiers offer critical clues to recovery

The second pillar uses biomarkers identified in blood tests to provide objective indicators of tissue damage, overcoming the limitations of clinical assessment that may inadvertently include symptoms unrelated to TBI.

Significantly, low levels of these biomarkers determine which patients do not require CT scans, reducing unnecessary radiation exposure and health care costs. These patients can then be discharged. In those with more severe injuries, CT and MRI imaging -- the framework's third pillar -- are important in identifying blood clots, bleeding, and lesions that point to present and future symptoms.

The biomarkers also identify the appropriate patients to enroll in clinical trials to develop new TBI medications, which have not advanced in the last 30 years. A recently launched trial that will roll out in 18 trauma sites nationwide may finally give rise to new treatments.

"These biomarkers are crucial in clinical trials," Manley said. "In the past, we couldn't tell the difference between a knock on the head and a TBI. Thanks to biomarkers we can make this distinction and ensure that it's the TBI patient who enrolls in the trial."

The final pillar, modifiers, assesses how the injury occurred, such as a fall, blow or sharp object penetration. It also includes existing conditions and medications, health care access, prior TBIs, substance abuse, and living circumstances.

"This pillar summarizes the factors that research tells us need to be considered when we interpret a patient's clinical, blood biomarker, and neuroimaging exams," said co-first author Kristen Dams-O'Connor, PhD, professor of rehabilitation and human performance, and neurology, and director of the Brain Injury Research Center at the Icahn School of Medicine at Mount Sinai in New York.

"One example is a patient with underlying cognitive impairment who may require acute monitoring for risk of clinical deterioration, regardless of findings on the initial clinical exam," she said.

The proposed framework is being phased in at trauma centers on a trial basis. It will be refined and validated before it is fully implemented.
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New research on ALS opens up for early treatment | ScienceDaily
Using the gene scissors CRISPR and stem cells, researchers at Stockholm University and the UK Dementia Research Institute (UK DRI) at King's College London have managed to identify a common denominator for different gene mutations that all cause the neurological disease ALS. The research shows that ALS-linked dysfunction occurs in the energy factories of nerve cells, the mitochondria, before the cells show other signs of disease, which was not previously known. The study was recently published in the scientific journal Nature Communications.


						
"We show that the nerve cells, termed motor neurons, that will eventually die in ALS have problems soon after they are formed. We saw the earliest sign of problems in the cell's energy factories, the mitochondria*, and also in how they are transported out into the nerve cells' long processes where there is a great need for them and the energy they produce," says Dr Eva Hedlund at Stockholm University, head of the study together with Dr Marc-David Ruepp at the UK Dementia Research Institute at King's College London.

The research team was able to establish that these problems were common to all ALS-caused mutations, which will be important for future treatments of the disease.

"This means that there are common factors that could be targeted with drugs, regardless of the cause of the disease," says Dr Eva Hedlund.

Reprogrammed cells

The researchers used the gene scissors CRISPR/Cas9 to introduce various ALS-causing mutations into human stem cells, called iPS cells*. From these, motor neurons, the nerve cells that are lost in in ALS, and interneurons, nerve cells that are relatively resistant to the disease, were produced. These were then analyzed with single-cell RNA sequencing, a method that enables identification of all messenger molecules (mRNA) in each individual cell and with that understand how a particular cell works, how it talks to its neighbors and if it starts to have problems.

"In the data we obtained, we identified a common disease signature across all ALS-causing mutations, which was unique to motor neurons and thus did not arise in resistant neurons," says Dr Christoph Schweingruber, first author of the study.




This happened very early and was completely independent of whether the disease-causing mutated proteins (FUS, or TDP-43) were in the wrong place in the cell or not.

"Until now, it has been believed that it is the change where the proteins are within the cells, called mislocalization*, that occurs first," says Dr Marc-David Ruepp.

A groundbreaking discovery

In ALS, it is often said that some problems are caused by a loss of function in a protein that is mutated, while other problems arise due to the opposite, namely the emergence of a new toxic function that has been obtained through the mutation, called "gain-of-function," but according to Eva Hedlund, it has not always been easy to clarify how it really works and much is still unknown.

"By making various CRISPR mutations in the ALS-causing FUS-gene*, we have now been able to show for the first time that most errors arising are caused by a new toxic property of the protein, not by a loss of function," says Dr Christoph Schweingruber.

Affecting the cells' energy factories

A third discovery was that the transport of mitochondria out into the axons*, the extensions of the nerve cells where most mitochondria in nerve cells are needed, was radically affected in the ALS lines. This happened independently of whether the disease-causing proteins were in the wrong place in the cell or not.




"A fact that poses a problem because there is a great need for these energy factories in the extensions of the nerve cells. Without them the nerve cells do not have enough energy to communicate properly with other cells," says Dr Eva Hedlund.

The new discoveries open up for early treatment methods, something that for the research team is a continuous work in progress.

"We are trying to understand how these early errors occur in the sensitive motor neurons in ALS, and how it affects energy levels in the cells and their communication and necessary contacts with muscle fibers. We believe that these are important keys to the understanding of why the synapses between motor neurons and muscles is broken in ALS and also to identify new targets for therapies," says Dr Eva Hedlund.

About ALS

The fatal disease ALS is characterized by the death of nerve cells in our brain and spinal cord, so-called motor neurons, which control all our skeletal muscles in the body, and this leads to the breakdown of the muscles. In most cases of ALS, the disease occurs sporadically, but in 10-20 percent of cases, different gene mutations cause the disease. It has so far been unknown whether different mutations cause ALS in the same way. It has also been unknown why some nerve cells are sensitive while others are resistant.

Glossary to ALS research
    	* iPSCs are reprogrammed cells that have been isolated from adult human tissues to be reverted in development to cells that resemble embryonic stem cells.
    	*Mitochondria are small structures found in all our cells. They are often called the power plants of the cell; in them, sugar and fat are burned to water and carbon dioxide. The energy that is then released is stored in a molecule, ATP, which is used in various cellular processes.
    	*Axons are the projections that nerve cells send out to contact other cells. In the case of motor neurons, it is muscle fibers that need to be contacted, which are sometimes over a meter away.
    	*Mislocalization means that something ends up in the wrong place. In ALS and other neurodegenerative diseases, misfolded proteins are seen in places where the protein should not normally be.
    	*FUS-gene, Fused in Sarcoma; mutations in this gene leads to ALS
    	*TARDBP gene, TAR DNA binding protein (TDP-43); mutations in this gene leads to ALS
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Molecules in blood and urine could reveal how much ultra-processed food you eat | ScienceDaily
Sets of metabolites found in blood and urine reliably correspond with how much energy from ultra-processed food a person consumes, according to a new study published May 20 in the open-access journal PLOS Medicine by Erikka Loftfield of the National Cancer Institute, USA, and colleagues.


						
Ultra-processed foods (UPFs) account for more than half of calories consumed in the average American diet, yet their impact on human health remains unclear, in part because it is so difficult to accurately track exactly how many UPFs people eat.

In the new study, researchers analyzed blood and urine samples from 718 older adults, alongside detailed dietary recalls, to identify chemical fingerprints, called poly-metabolite scores, linked to UPF intake.

The study found that hundreds of blood and urine metabolites were associated with the percentage of energy someone consumes from UPFs. A poly-metabolite score corresponding with UPF intake could be created using 28 of the blood metabolites or 33 urine metabolites. This score was predictive of UPF intake among participants using self-reported dietary data. The researchers then validated the scores in a controlled feeding study, confirming the scores could distinguish, within subjects, between high-UPF and no-UPF diets among 20 inpatients at the NIH Clinical Center with high-controlled diets. The scores also significantly differed between a UPF-heavy diet and one without UPFs.

"The identified poly-metabolite scores could serve as objective measures of UPF intake in large population studies to complement or reduce reliance on self-reported dietary data," the authors say. "Poly-metabolite scores should be evaluated and iteratively improved in populations with diverse diets and a wide range of UPF intake."

The authors add, "We developed and tested poly-metabolite scores in blood and urine that were predictive of diets high in energy from UPF intake in an observational study of free-living adults and in a highly controlled feeding trial, respectively. These poly-metabolite scores could serve as objective measures of UPF intake in large population studies to complement or reduce reliance on self-reported dietary data. Additionally, these findings could provide novel insight into the role of UPF in human health."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250520161850.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Language isn't just for communication -- it also shapes how sensory experiences are stored in the brain | ScienceDaily
Our ability to store information about familiar objects depends on the connection between visual and language processing regions in the brain, according to a study published May 20 in the open-access journal PLOS Biology by Bo Liu from Beijing Normal University, China, and colleagues.


						
Seeing an object and knowing visual information about it, like its usual color, activate the same parts of the brain. Seeing a yellow banana, for example, and knowing that the object represented by the word "banana" is usually yellow, both excite the ventral occipitotemporal cortex (VOTC). However, there's evidence that parts of the brain involved in language, like the dorsal anterior temporal lobe (ATL), are also involved in this process -- dementia patients with ATL damage, for example, struggle with object color knowledge, despite having relatively normal visual processing areas. To understand whether communication between the brain's language and sensory association systems is necessary for representing information about objects, the authors tested whether stroke-induced damage to the neural pathways connecting these two systems impacted patients' ability to match objects to their typical color. They compared color-identification behavior in 33 stroke patients to 35 demographically-matched controls, using fMRI to record brain activity and diffusion imaging to map the white matter connections between language regions and the VOTC.

The researchers found that stronger connections between language and visual processing regions correlated with stronger object color representations in the VOTC, and supported better performance on object color knowledge tasks. These effects couldn't be explained by variations in patients' stroke lesions, related cognitive processes (like simply recognizing a patch of color), or problems with earlier stages of visual processing. The authors suggest that these results highlight the sophisticated connection between vision and language in the human brain.

The authors add, "Our findings reveal that the brain's ability to store and retrieve object perceptual knowledge -- like the color of a banana -- relies on critical connections between visual and language systems. Damage to these connections disrupts both brain activity and behavior, showing that language isn't just for communication -- it fundamentally shapes how sensory experiences are neurally structured into knowledge."
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Selenium exposure during pregnancy may reduce childhood streptococcal infections | ScienceDaily
Higher maternal selenium levels during pregnancy were associated with a lower risk of streptococcal infections in children, suggesting a potential protective effect.


						
Scientists from Hokkaido University have discovered that exposure to certain metals and trace elements during pregnancy may affect a child's risk of developing streptococcal infections, according to a new study published in PLOS ONE. These infections are common in children, especially those caused by Group A Streptococcus, a bacterium that commonly causes illnesses such as strep throat, skin infections, and, in severe cases, more serious complications like scarlet fever or invasive diseases. The findings could contribute to improved strategies for preventing childhood infections.

The research team tracked more than 74,000 mothers and their children from a nationwide study in Japan. They measured the mothers' blood levels of various metals and trace elements, including selenium, mercury, cadmium, lead, and manganese. The researchers then followed the children to see whether they developed streptococcal infections between the ages of three and four. Statistical analysis was used to explore potential links between maternal metal exposure and infection risk in the children.

"We found that mothers with higher selenium levels during pregnancy were less likely to have children who developed streptococcal infections. " says Hiroyoshi Iwata, the study's first author, from the Center for Environmental and Health Sciences at Hokkaido University. "This association was strongest among mothers with the highest selenium levels in their blood. However, high selenium concentrations during pregnancy can lead to toxicity and adverse effects, so caution is necessary. As this research is based on a single blood sample provided by pregnant mothers, and the results of this study alone should not be used to recommend selenium intake during pregnancy."

Selenium is a trace element that plays a key role in immune function, and previous studies have suggested that it may help the body combat infections by strengthening the immune system. These new findings support the idea that sufficient selenium levels during pregnancy could help enhance a child's immune defenses against bacterial infections.

This study supports the importance of ensuring adequate selenium intake during pregnancy for the benefit of children's long-term health and adds to a growing body of evidence suggesting that selenium plays a vital role in immunity. However, this study specifically analyzed the relationship between maternal selenium levels and streptococcus infections only, and did not evaluate the relationships with other infectious diseases. Further research is needed to fully understand how selenium supports the immune system and to determine the optimal levels during pregnancy.
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How molecules can 'remember' and contribute to memory and learning | ScienceDaily
Researchers have discovered how an ion channel in the brain's neurons has a kind of 'molecular memory', which contributes to the formation and preservation of lifelong memories. The researchers have identified a specific part of the ion channel at which new drugs for certain genetic diseases could be targeted. The study, led from Linkoping University in Sweden, has been published in Nature Communications.


						
One of the brain's superpowers is its ability to learn from past experiences and form memories. These vital processes depend on the reshaping of connections between neurons in the brain. Nerve junctions, called synapses, are strengthened or weakened throughout life in such a way that the brain is, in a certain sense, constantly being reshaped at the cellular level. This phenomenon is called synaptic plasticity.

There are several processes contributing to synaptic plasticity in the nervous system. One of these processes has to do with a type of molecules called calcium ion channels, which have long been of interest to researchers at Linkoping University.

"I want to uncover the secret lives of these ion channel molecules. Calcium ion channels have very important functions in the body -- by opening and closing, they regulate, among other things, nerve-to-nerve signalling. But beyond that, these molecules also have a kind of memory of their own, and can remember previous nerve signals," says Antonios Pantazis, associate professor at the Department of Biomedical and Clinical Sciences at LiU, who led the study.

The focus of this study was on a specific type of ion channel, the CaV2.1 channel, which is the most common calcium ion channel in the brain. The ion channel is located at the synapse, at the very end of the neuron. When an electrical signal passes through the neuron, the ion channel open, setting in motion a process leading to neurotransmitter being released towards the receiving neuron in the synapse. In this way, CaV2.1 channels are the gatekeepers of synaptic, neuron-to-neuron communication.

Prolonged electrical activity reduces the number of CaV2.1 channels that can open, resulting in less transmitter release, so the receiving neuron receives a weaker message. It is as if the channels can 'remember' previous signalling, and in doing so, make themselves unavailable to open by subsequent signals. How this works at the molecular level has been unknown to scientists until now.

The Linkoping researchers have now discovered a mechanism for how the ion channel can 'remember'. The channel is a large molecule made up of several interconnected parts, which can move relative to each other in response to electrical signals. They discovered that the ion channel can take almost 200 different shapes depending on the strength and duration of an electrical signal; it is a very complex molecular machine.




"We believe that during sustained electrical nerve signalling, an important part of the molecule disconnects from the channel gate, similar to the way the clutch in a car breaks the connection between the engine and the wheels. The ion channel can then no longer be opened. When hundreds of signals occur over long enough time, they can convert most channels into this 'declutched memory state' for several seconds," says Antonios Pantazis.

If the ion channel can 'remember' for just a few seconds, how does it contribute to lifelong learning? This type of collective memory in the ion channels can accumulate over time and reduce the communication between two neurons. This then leads to changes in the receiving neuron, lasting for hours or days. Eventually, it results in much longer-lived changes in the brain, such as the elimination of weakened synapses.

"In this way, a 'memory' that lasts for a few seconds in a single molecule can make a small contribution to a person's memory that lasts for a lifetime," says Antonios Pantazis.

Increased knowledge of how these calcium ion channels work can in the long term contribute to the treatment of certain diseases. There are many variants of the gene that produces the CaV2.1 channel, CACNA1A, that are linked to rare but serious neurological diseases, that often run in families. To develop drugs against these, it helps to know which part of the large ion channel you want to affect and in what way its activity should be changed.

"Our work pinpoints which part of the protein should be targeted when developing new drugs," says Antonios Pantazis.

The research has been funded by the Swedish Research Council, the Linkoping University Wallenberg Centre for Molecular Medicine, the Swedish Brain Foundation, the Swedish Heart-Lung Foundation, the Lions Research Fund for Public Diseases and the NIH.
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Forest management can influence health benefits | ScienceDaily
Forests play a crucial role in promoting health and wellbeing, but not all forests provide the same benefits. A large-scale international study, co-led by the University of Surrey and the University of Ghent, demonstrates how specific forest characteristics -- such as canopy density and tree species diversity -- can affect various health outcomes.


						
The research, published in Nature Sustainability, was carried out by a range of international partners within the Dr. Forest research project, investigated 164 forests across five European countries, offering valuable insights for forest management and urban planning. The study examined seven ecological characteristics of forests and their influence on different human health effects.

Tree species diversity was found to have a limited but positive effect on human health and wellbeing. Increasing tree species diversity is therefore considered a safe and beneficial intervention for forest managers, which also provides multiple co-benefits beyond human health, such as supporting associated non-tree biodiversity.

Forest structures -- particularly, the canopy structure -- were found to have the strongest health impact, both with its own benefits and drawbacks. Dense canopy reduces heat stress by providing more shade and creating a more stable microclimate, while also improving air quality by increasing leaf surface area for fine particulate matter deposition -- both crucial elements in urban areas where heatwaves and airborne pollutants are more frequent.

On the other hand, a dense canopy can also increase the risk of Lyme disease -- as ticks thrive in humid climates -- and lead to less light reaching the forest floor, which can hinder the growth of medicinal plants, affecting their potential health benefits.

From a mental health standpoint, just being in a forest was found to be beneficial, reducing anxiety and stress, and increasing positive emotions. Forests that people perceived to be more biodiverse and natural were also found to be the most beneficial for mental health.

Dr Melissa Marselle, Lecturer in Environmental Psychology at the University of Surrey, said:

"Our study shows that forests generally provide a mental health benefit, reducing anxiety and stress, regardless of their biodiversity or structure. As one in six people in England experience anxiety and depression each week, this research suggests that simply being in a forest can improve mental health. For the UK, this means preserving urban forests so people can easily access forests where they live, work and play for their mental wellbeing. Contact with forests could be prescribed by the NHS, as research shows that NHS nature prescriptions are effective at improving mental health."
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Technique rapidly measures cells' density, reflecting health and developmental state | ScienceDaily
Measuring the density of a cell can reveal a great deal about the cell's state. As cells proliferate, differentiate, or undergo cell death, they may gain or lose water and other molecules, which is revealed by changes in density.


						
Tracking these tiny changes in cells' physical state is difficult to do at a large scale, especially with single-cell resolution, but a team of MIT researchers has now found a way to measure cell density quickly and accurately -- measuring up to 30,000 cells in a single hour.

The researchers also showed that density changes could be used to make valuable predictions, including whether immune cells such as T cells have become activated to kill tumors, or whether tumor cells are susceptible to a specific drug.

"These predictions are all based on looking at very small changes in the physical properties of cells, which can tell you how they're going to respond," says Scott Manalis, the David H. Koch Professor of Engineering in the departments of Biological Engineering and Mechanical Engineering, and a member of the Koch Institute for Integrative Cancer Research.

Manalis is the senior author of the new study, which appears today in Nature Biomedical Engineering. The paper's lead author is MIT research scientist Weida (Richard) Wu.

Measuring density

As cells enter new states, their molecular contents, including lipids, proteins, and nucleic acids, can become more or less crowded. Measuring the density of a cell offers an indirect view of this crowding.




The new density measurement technique reported in this study builds on work that Manalis' lab has done over the past two decades on technologies for making measurements of cells and tiny particles. In 2007, his lab developed a microfluidic device known as a suspended microchannel resonator (SMR), which consists of a microchannel across a tiny silicon cantilever that vibrates at a specific frequency. As a cell passes through the channel, the frequency of the vibration changes slightly, and the magnitude of that change can be used to calculate the cell's mass.

In 2011, the researchers adapted the technique to measure the density of cells. To achieve that, cells are sent through the device twice, suspended in two liquids of different densities. A cell's buoyant mass (its mass as it floats in fluid) depends on its absolute mass and volume, so by measuring two different buoyant masses for a cell, its mass, volume, and density can be calculated.

That technique works well, but swapping fluids and flowing cells through each one is time-consuming, so it can only be used to measure a few hundred cells at a time.

To create a faster, more streamlined system, the researchers combined their SMR device with a fluorescent microscope, which enables measurements of cell volume. The microscope is positioned at the entrance to the resonator, and cells flow through the device while floating in a fluorescent dye that can't be absorbed by cells. When cells pass by the microscope, the dip in the fluorescent signal can be used to determine the volume of the cell.

After that volume measurement is taken, the cells flow into the resonator, which measures their mass. This process, which allows for rapid calculation of density, can be used to measure up to 30,000 cells in an hour.

"Instead of trying to flow the cells back and forth at least twice through the cantilever to get cell density, we wanted to try to create a method to do a streamlined measurement, so the cells only need to pass through the cantilever once," Wu says. "From a cell's mass and volume, we can then derive its density, without compromising the throughput or the precision."

Evaluating T cells




The researchers used their new technique to track what happens to the density of T cells after they are activated by signaling molecules.

As T cells transition from a quiescent state to an active state, they gain new molecules, as well as water, the researchers found. From their pre-activation state to the first day of activation, the densities of the cells dropped from an average of 1.08 grams per milliliter to 1.06 grams per milliliter. This means that the cells are becoming less crowded, as they gain water faster than they gain other molecules.

"This is suggesting that cell density is very likely reflecting an increase in cellular water content as the cells transit from a quiescent, non-proliferative state to a high-growth state," Wu says. "These data are pointing to the notion that cell density is an interesting biomarker that is changing during T-cell activation and may have functional relevance to how well the T cells could proliferate."

Travera, a clinical-stage company co-founded by Manalis, is working on using the SMR mass measurements to predict whether individual cancer patients' T cells will respond to drugs meant to stimulate a strong anti-tumor immune response. The company has also begun using the density measurement technique, and preliminary studies have found that using mass and density measurements together gives a much more accurate prediction that using either one alone.

"Both mass and density are revealing something about the overall competency of the immune cells," Manalis says.

Making predictions

Another potential application for this approach is predicting how tumor cells will respond to different types of cancer drugs. In previous work, Manalis has shown that tracking changes in cell mass after treatment can predict whether a tumor cell is undergoing drug-induced apoptosis. In the new study, he found that density could also reveal these responses.

In those experiments, the researchers treated pancreatic cancer cells with one of two different drugs -- one that the cells are susceptible to, and one they are resistant to. They found that density changes after treatment accurately reflected the cells' known responses to treatment.

"We capture something about the cells that is highly predictive within the first couple of days after they get taken out from the tumor," Wu says. "Cell density is a rapid biomarker to predict in vivo drug response in a very timely manner."

Manalis' lab is now working on using measurements of cell mass and density as a way to evaluate the fitness of cells used to synthesize complex proteins such as therapeutic antibodies.

"As cells are producing these proteins, we can learn from these markers of cell fitness and metabolic state to try to make predictions about how well these cells can produce these proteins, and hopefully in the future also guide design and control strategies to even further improve the yield of these complex proteins," Wu says.

The research was funded by the Paul G. Allen Frontiers Group, the Virginia and Daniel K. Ludwig Fund for Cancer Research, the MIT Center for Precision Cancer Medicine, the Stand up to Cancer Convergence Program, Bristol Myers Squibb, and the Koch Institute Support (core) Grant from the National Cancer Institute.
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MRI can replace painful spinal tap to diagnose MS more quickly, according to a new study | ScienceDaily
Experts from the University of Nottingham have proven that multiple sclerosis (MS) can successfully be diagnosed using an MRI scan, meaning patients no longer need to undergo a painful lumbar puncture.


						
In the new study, published inNeurology(r) Open Access, an official journal of the American Academy of Neurology, experts from the School of Medicine found that by using a new MRI scan, they could successfully diagnose MS in 8 minutes. The findings could provide the NHS with a scientific approach to diagnosing MS which is safer, more cost effective and more importantly acceptable to patients.

The study was funded by the National Institute for Health and Care Research (NIHR).

MS is a neurological condition which affects around 150,000 people in the UK. It is notoriously difficult to diagnose as it has many symptoms but not all sufferers experience all of them and the disease can progress at different rates.

There is currently no agreement on the best way to diagnose MS. Frequently, people suspected of having MS have a standard MRI scan and undergo a lumbar puncture, where a thin needle is inserted between the bones in the lower spine.

Patients often report they find it painful, and it can cause unintended complications requiring hospitalisation or time off work to recover. Although the fluid taken during a lumbar puncture can show evidence of disease, this is not always the case. Abnormalities are not found in everyone who has MS. Some people with conditions that can mimic MS, but need very different treatment, have similar lumbar puncture abnormalities. Both problems can lead to misdiagnosis.

The lead author of the study, Professor Nikos Evangelou, Clinical Professor of Neurology at the University said: "More than half of all people diagnosed with MS in the UK have had at least one lumbar puncture, following the suspicion of MS diagnosis. The findings of our research are particularly exciting as we have now shown that we can give the diagnosis of MS without this painful procedure."

The team used a clinical MRI scanner, of the type all neuroscience centres have, to carry out a special type of scan called a T2*-weighted MRI which is able to reveal lesions in the brain's white matter that are centred on a vein  --  a known indicator of MS. For a conclusive diagnosis of MS, the team developed the 'rule of six', whereby if there were six lesions found with a central vein, this confirmed a diagnosis of MS without having to analyse all lesions.




The team carried out a prospective study, in Nottingham, Cardiff and London with patients who had a suspected, but not definite diagnosis of MS. Each patient was given an 8-minute MRI scan and a lumbar puncture and after 18 months, they were able to find out what the diagnosis was and whether it matched that of their initial scan.

The results show that the use of the T2*-weighted MRI along with the 'rule of six', supported the diagnosis of MS as an alternative to a lumbar puncture.

As a result of this study and previous research conducted in Nottingham and in the USA the International Committee for the diagnosis of MS, recently announced that the MRI scan, as first proposed by the Nottingham research team, is enough to diagnose MS. A lumbar puncture is no longer needed.

Professor Evangelou adds: "Not only will our findings have huge benefits for patients, but it will also mean cost savings for the NHS. People who have lumbar punctures are required to spend at least most of a day in hospital, and for a health service already at capacity, this creates more issues. If there are complications with the lumbar puncture the stay can be longer. With the MRI scan, it takes 8 minutes, is completely safe, and then you can go home. On average, we think we will reach the diagnosis three months earlier and the change could save the NHS up to five million pounds each year, which can be reinvested in better services for our MS patients."
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Advanced genomics study improves detection of hard-to-find diarrheal infections | ScienceDaily
A University of Liverpool study has used advanced genetic and genomic techniques to offer a major step forward in understanding and diagnosing infectious intestinal diseases.


						
The large-scale study analysed more than 1,000 stool samples from people with diarrhoeal illness to harness two cutting edge tools.

Diarrhoea, a common symptom of infectious intestinal disease, affects an estimated 18 million people each year in the UK. However, despite its prevalence, traditional lab tests often fail to recognise its cause, especially when infections are caused by unidentifiable or emerging pathogens. This newly published study used metagenomic (DNA-based) and metatranscriptomic (gene or RNA-based) sequencing. Unlike traditional methods, these techniques do not rely on growing organisms in a lab. Instead, they detect and analyse the genetic material directly from patient samples.

Co-lead author, Dr Edward Cunningham-Oakes, Institute of Infection, Veterinary and Ecological Sciences, University of Liverpool said: "This is the UK's largest study to compare traditional diagnostics with these next-generation tools. We not only found infections missed by standard tests, but we could see what the bugs were doing inside the gut -- something standard diagnostics just can't show."

The work captures, for the first time, a comprehensive snapshot of the Salmonella gene expression directly from a human stool sample. The transcriptomic data provides new insights into how the bacteria survive and adapt after leaving the human gut. As Salmonella remains a priority diarrhoeal pathogen in the UK, the knowledge will be invaluable for helping scientists to target this dangerous pathogen.

The study's key findings highlight the power of RNA tests in detecting hidden infections -- including elusive parasites and RNA viruses -- while also identifying which genes are active during infection. Remarkably, RNA remained stable in stool samples even without preservatives, suggesting it is more robust than previously thought. Notably, the ratio of RNA to DNA helped differentiate true infections from harmless gut microbes. By combining both DNA and RNA data, researchers gained the clearest and most accurate picture of the infection process.

Co-lead Professor Alistair Darby, Co-Director of the University's Centre for Genomic Research said: "This study shows how genetic tools can revolutionise how we identify and understand intestinal infections. By understanding not just what's there, but what it's doing, we can improve public health responses, particularly around foodborne outbreaks."

The findings could significantly impact how diarrhoeal diseases are diagnosed, managed, and studied in the UK and beyond -- especially in light of the growing need for rapid, accurate diagnostics that don't rely on outdated culturing methods.




The research also highlights the strategic role of Liverpool's Centre for Genomic Research (CGR) and the new Microbiome and Infectious Disease (MaID) initiative, which is part of the Liverpool City Region's Life Sciences Innovation Zone.

Professor Alistair Darby continued: "This is about more than diagnosing infections -- it's about building a platform for innovation in healthcare. Our previous work has shown that healthcare professionals are open to this. By making our data open-access, we hope to help other researchers, NHS labs, and public health agencies build on our work."

Dr. Edward Cunningham-Oakes added: "Our results show that RNA, once thought too fragile to use in stool testing, can actually give us powerful insights into how infections work. That opens up new possibilities for diagnosing and treating these illnesses more effectively."

The research, led by scientists at the University of Liverpool, including Salmonella experts Dr Blanca Perez-Sepulveda and Professor Jay Hinton, was funded by the NIHR Health Protection Research Unit in Gastrointestinal Infections (HPRU-GI), a collaboration between the University of Liverpool, UK Health Security Agency, and other partners.
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New perspectives for wound healing and the treatment of chronic diseases | ScienceDaily
Fibroblasts are specialised connective tissue cells that play a key role in wound healing and tissue regeneration. The recent scientific publication from the University of Leipzig Medical Center shows that fibroblasts respond differently depending on the organ and disease context. Their functions are shaped by their embryonic origin, tissue-specific signals, and pathological stimuli. These specialised cells are not only involved in tissue repair and remodelling, but also influence the immune system and the development of diseases such as cancer, fibrosis and chronic inflammatory conditions.


						
"Until now, our understanding of fibroblast diversity has been based primarily on studies in animal models. This new review is the first to compare and integrate extensive human studies that have used modern single-cell technologies. This approach makes it possible to combine findings from different human studies, creating a comprehensive picture of the various origins and functions of human fibroblasts," says Professor Sandra Franz, lead author of the study from the University of Leipzig Medical Center.

This deeper understanding of cellular heterogeneity opens up new avenues for the development of targeted therapies. In the future, it may be possible to specifically address certain fibroblast subtypes -- for example, to promote tissue repair or to inhibit pathological processes such as tumour growth. This is particularly significant for regenerative medicine and the treatment of chronic diseases.

The authors of the study -- Dr Marta Torregrossa, Professor Jan C. Simon, and Professor Sandra Franz (all from the University of Leipzig Medical Center), together with Dr Yuval Rinkevich (Helmholtz Munich) -- are conducting joint research as part of the ZellTWund project. Their aim is to further characterise regeneration-promoting fibroblast subtypes and their roles in health and disease -- thereby paving the way for new therapeutic approaches. Translating these findings into clinical applications remains a key challenge for the coming years, the Leipzig researchers conclude.
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New blood test shows superior sensitivity in detecting HPV-associated head and neck cancers | ScienceDaily
A new liquid biopsy blood test could help detect cases of human papillomavirus (HPV)-associated head and neck cancers with significantly higher accuracy than currently used methods, including before patients develop symptoms, according to new Mass General Brigham research.


						
The researchers at Mass Eye and Ear, a member of the Mass General Brigham healthcare system, found that the blood-based diagnostic test they developed called HPV-DeepSeek achieved 99% sensitivity and 99% specificity for diagnosing cancer at the time of first clinical presentation, including for the very earliest stages of disease. This higher accuracy significantly outperforms current standard-of-care methods, including other commercially available liquid biopsy assays. The study is published in Clinical Cancer Research, a journal of the American Association for Cancer Research.

HPV causes about 70% of oropharyngeal cancers in the United States, which are increasing in incidence faster than all other head and neck cancers, yet unlike cervical cancer, which is also caused by HPV, there are no early detection tests. This means patients typically present to doctors once they are experiencing symptoms, requiring treatments that may carry significant side effects, according to the study's lead author Daniel Faden, MD, a principal investigator in the Mike Toth Head and Neck Cancer Research Center and Surgical Oncologist and at Mass Eye and Ear.

"The goal of developing HPV-DeepSeek was to create a minimally invasive approach to detect HPV cancers that is significantly more sensitive than what is currently available for patients," said Faden. "Our findings demonstrate that we can use this approach to not only diagnose patients more accurately compared to what is currently available, but also provide the potential to screen for HPV cancers in the blood before patients ever develop symptoms, enabling us to catch and treat their cancers at the earliest stages."

HPV-DeepSeek detects fragments of the viral genome that have broken off from the tumor and entered the bloodstream, along with nine other features in the blood. Unlike current liquid biopsy approaches, which only target one to two pieces of the viral genome, HPV-DeepSeek uses whole-genome sequencing of the entire HPV genome. In the new study, researchers tested HPV-DeepSeek in 152 patients with HPV-associated head and neck cancer and 152 healthy controls. They then did a head-to-head comparison with methods including current liquid and tissue biopsy approaches. They found this novel approach led to a significantly improved sensitivity and accuracy.

The researchers are now leading additional studies around HPV-DeepSeek, including its role in screening for cancers years before the tumors develop. In a study that currently is in preprint, they tested the assay in 28 people who years later went on to develop HPV-associated oropharynx cancer and 28 healthy controls. They found they could detect the cancer in 79% of individuals who later developed cancer while all the controls had negative testing. The earliest positive result was nearly eightyears before diagnosis, demonstrating for the first time that highly accurate blood-based screening for HPV cancer is feasible. This work was also presented at the 2024 symposium, AACR Special Conference in Cancer Research: Liquid Biopsy: From Discovery to Clinical Implementation. 

"The natural history of these cancers is that they grow over a period of about 15 years, and as they grow they release DNA from the HPV genome into the blood. If we can detect these cancers years earlier, at their earliest stages, it could drastically change how we treat patients; for example, being able to use less treatment leading to fewer side effects," said Faden. "While our results suggest great potential for clinical benefit, there are unanswered questions we need to address to understand how we could best utilize these approaches and what the follow-up regimens would be for patients who screen positive."

The team is now running studies to address these questions in HPV-associated head and neck and other HPV cancers. In addition to screening, the team is also running clinical trials to study the effectiveness of detecting microscopic residual disease remaining after surgery, which could inform whether additional treatments like radiation therapy are needed.




Using liquid biopsy for cancer early detection and personalization of treatment after surgery is an area of growing study across other forms of head and neck cancer. In a separate study published in the same issue of Clinical Cancer Research, Faden and his team tested a different novel assay called MAESTRO in patients with head and neck cancer not caused by HPV to look for evidence of cancer remaining after surgery. Developed at the Broad Institute of MIT and Harvard, this approach improves sensitivity by using a specialized approach to detect genome-wide tumor DNA with minimal sequencing. They found the test could accurately detect residual cancer within a few days of surgery in a highly aggressive form of head and neck cancer and that patients with residual disease detected by the assay had significantly worse survival and recurrence outcomes.

"People have always wondered whether more sensitive liquid biopsy tests will start to detect residual cancer that won't lead to recurrence," said Viktor Adalsteinsson, PhD, who directs the Gerstner Center for Cancer Diagnostics at the Broad Institute, and whose team developed MAESTRO. "In this study, MAESTRO not only detected residual cancer in more patients who experienced future recurrence or death but also was highly predictive for it."

"Whole-genome sequencing liquid biopsy approaches, like HPV-DeeSeek and MEASTRO used in these studies, are enormously powerful, allowing physicians to look for many hundreds or thousands of needles in haystacks as opposed to just a few, drastically increasing sensitivity," said Faden. "For patients, this means significantly more accurate results and being one step closer to truly personalized care."
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Why some viral infections appear to trigger autoimmune disease | ScienceDaily
Chikungunya virus (CHIKV) is a mosquito-borne pathogen that has been identified in more than 110 countries around the world. The virus typically causes flu-like symptoms, but it can also trigger chronic, severe joint pain in some people.


						
Researchers at La Jolla Institute for Immunology (LJI) are working to understand how a viral infection can cause persistent joint pain that closely resembles rheumatoid arthritis, an autoimmune disease.

In a new study, LJI scientists share a critical first look at how the body's T cells target CHIKV. Their research suggests CD4+ T cells step up to fight the virus -- and cause chronic inflammation in the process. This discovery may help explain why some people infected with CHIKV develop severe joint pain.

"Autoimmune diseases like rheumatoid arthritis have exactly these parameters," says LJI Assistant Professor Daniela Weiskopf, Ph.D., senior author of the new study and member of LJI's Center for Vaccine Innovation.

The findings, published recently in Cell Reports Medicine, offer new clues to why some viral infections appear to trigger autoimmune disease. The research may also help guide the development of therapies to block harmful inflammation.

Testing immune cells vs. Chikungunya virus

Weiskopf and her colleagues studied immune cells found in blood samples from a group of CHIKV patients in Colombia. The researchers tested how immune cells from these patients responded to small molecular chains, called peptides, from Chikungunya virus.




This experiment revealed which types of immune cells take the lead in fighting CHIKV infection. The researchers also captured the first-ever look at which sites on CHIKV, called viral epitopes, drew the strongest immune cell responses.

To their surprise, the researchers found that a type of T cells called CD4+ T cells showed a strong response to CHIKV. Although CD4+ T cells are a normal part of the body's anti-viral response, they are almost always accompanied by CD8+ T cells. Scientists have even nicknamed CD8+ T cells "killer" T cells because they play a very active role in fighting infections.

Yet the new study shows that CD4+ T cells are most active in fighting CHIKV virus. These same CD4+ T cells stay in the body as "memory" T cells after the infection is gone.

The researchers found that 87 percent of patients had detectable levels of CHIKV-specific memory CD4+ T cells in their blood six years after their initial infection. In contrast, only 13 percent of patients still had CHIKV-specific memory CD8+ T cells in their blood after six years.

According to Weiskopf, this kind of CD4+ T cell profile is more commonly seen in patients with autoimmune diseases. "I'm an infectious disease researcher, but I could see that this T-cell response looked awfully like what we see in autoimmune disease," says Weiskopf.

Not your typical T cells

This CD4+ T cell activity may help explain the association between CHIKV infection and chronic, autoimmune-like disease.




"There are many studies in mice showing that CD4+ T cells are pathogenic," adds study co-first author Rimjhim Agarwal, a UC San Diego Graduate Student and member of the Weiskopf Lab. "So we needed to know what CD4+ T cells are doing in people with CHIKV."

The researchers took a closer look exactly how CD4+ T cells fought CHIKV infection. Normally, CD4+ T cells are "polyfunctional," meaning the cells can churn out many kinds of signalling molecules to help coordinate the body's immune response to a pathogen.

But CHIKV patients who developed severe joint pain had more "monofunctional" CD4+ T cells. Even years after initial infection, their T cells primarily produced an inflammatory molecule called TNF-alpha. This molecule helps direct immune cell activity during an infection, but TNF-alpha is not supposed to linger long after a virus has been cleared.

The new study offers evidence that these monofunctional CD4+ T cells may be the culprits behind joint pain and chronic inflammation following CHIKV infection. Although there's still a lot to learn, the researchers say future therapies that inhibit TNF-alpha may hold promise for treating arthritis-like symptoms in CHIKV patients.

Next steps for helping patients

The new study raises many big questions. Agarwal is currently working to explain a strange phenomenon -- why are women in their forties much more likely to develop chronic joint pain following CHIKV infection?

Last year, Agarwal won funding through LJI's Tullie and Rickey Families SPARK Awards for Innovations in Immunology to investigate this sex-based difference. Her SPARK project, specifically funded by the Rosemary Kraemer Raitt Foundation Trust, may help shed light on whether CD4+ T cells are mistakenly attacking the body's own tissues when responding to CHIKV.

This work comes as more scientists today look at possible connections between viral infections and autoimmune disease. Other viruses, such as the mosquito-borne dengue virus, can also cause severe, chronic joint pain. Many people today are also dealing with "long COVID," chronic and debilitating autoimmune-like inflammation that often follows SARS-CoV-2 infection.

"More and more people are realizing, particularly after seeing the long-term effects of SARS-CoV-2, that viral infection can trigger autoimmune-like disease," says Agarwal. "We still have a lot more questions than answers right now, but we want to understand the relationship between viruses and autoimmune diseases."

The study was supported by the National Institutes of Health (Contract No. 75N93019C00065) and by the La Jolla Institute for Immunology (LJI)/ Kyowa Kirin (KKUS) Interactive fund.
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Depression linked to physical pain years later | ScienceDaily
Middle-aged and older adults who experience pain are more likely to have had worsening symptoms of depression up to eight years before the pain began, according to a new study by UCL (University College London) researchers.


						
The study, published in the journal eClinicalMedicine, suggests that among this age group, treatment for depression might help to prevent or reduce later aches and pains.

The researchers compared survey data from 3,668 adults aged over 50 who often experienced moderate to severe pain with a matched group of the same number who did not.

In the pain group, they found that depressive symptoms got rapidly worse in the eight years prior to pain, peaked at the onset of pain, and remained high in the years after, whereas in the non-pain group depressive symptoms were less severe, less prevalent, and relatively constant.

The researchers found a similar trend for loneliness, which increased both in the years before and years after the onset of pain but stayed low and relatively constant for those in the non-pain group.

While the cause of the pain was not identified, most participants said they had pain in the back, knee, hip, or foot.

Lead author Dr Mikaela Bloomberg (UCL Epidemiology & Public Health) said: "Pain and depression are known to be linked, with each exacerbating the other. But we don't know about the timing of these related conditions.




"Our study shows that depressive symptoms and loneliness worsen long before pain begins. This is important as it suggests the potential for early mental health and social support to reduce or delay later pain.

"Factors such as depression and loneliness can contribute to pain through several mechanisms. By inducing stress, they may increase inflammation, which can lead to pain. They also may increase sensitivity to pain by changing immune responses and by dysregulating our autonomic nervous system, the network of nerves that control unconscious processes such as the 'flight or fight' response.

"Our findings highlight the importance of approaching pain not just from a biological perspective. Mental health interventions may be important too."

The study used data covering 21 years from the English Longitudinal Study of Ageing (ELSA), in which a nationally representative population sample in England answers a wide range of questions every two years.

The research team found that the sharp increase in depressive symptoms among participants who experienced pain was larger among people with less education and wealth. This is likely in part, the researchers said, because these individuals had fewer resources to support mental health and pain management.

The team said this finding pointed to the need to prioritise vulnerable populations with fewer socioeconomic resources with accessible mental health and community support programmes.




The researchers also investigated if there was a link between social isolation and experiences of pain but, unlike with loneliness, found little difference in social isolation between the pain and non-pain groups.

Whereas loneliness is a subjective feeling of lacking social connections, social isolation indicates objective lack of contact with friends and family. The team suggested that the quality of relationships, rather than the quantity of relationships or levels of social interaction, may matter in terms of mitigating against pain and depression.

Three quarters of the study participants in the pain group reported experiencing pain in the back, knee, hip, or foot. Of those remaining, 1.9% reported pain all over, 0.5% reported mouth or tooth pain, and 20.7% reported pain elsewhere.

Among study limitations, the research team noted that the participants were overwhelmingly white, reflecting the population of England in that age group. Future research, they said, should determine whether results are similar for younger groups and those with more racial and ethnic diversity.

They cautioned that the survey data did not distinguish between pain and chronic pain. However, they had consistent results when they restricted the analysis to participants who reported pain in successive surveys two years apart, suggesting the findings applied to chronic pain.

The team adjusted for a wide range of factors that may have skewed the results -- including participant sex, age, birth year, education, wealth, long term health conditions, physical activity level, alcohol consumption and smoking status.

The researchers received funding from the Nuffield Foundation's Oliver Bird Fund and Versus Arthritis. The English Longitudinal Study of Ageing is funded by the National Institute on Aging and by a consortium of UK government departments coordinated by the National Institute for Health and Care Research.
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Controlling these 8 risk factors may eliminate early death risk for those with high blood pressure | ScienceDaily
A new study led by researchers at Tulane University suggests that people with high blood pressure can significantly reduce -- and possibly eliminate -- their increased risk of premature death by controlling several key health risk factors at once.


						
The study, published in Precision Clinical Medicine, tracked more than 70,000 people with hypertension and over 224,000 without it, using data from the UK Biobank. Researchers followed participants for nearly 14 years to understand how managing these risk factors affected early mortality -- defined as dying before age 80.

The eight health risk factors evaluated in the study include: blood pressure, body mass index, waist circumference, LDL "bad" cholesterol, blood sugar, kidney function, smoking status and physical activity. Notably, researchers found that hypertensive patients who had addressed at least four of these risk factors had no greater risk of an early death than those without high blood pressure.

"Our study shows that controlling blood pressure is not the only way to treat hypertensive patients, because high blood pressure can affect these other factors," said corresponding author Dr. Lu Qi, HCA Regents Distinguished Chair and professor of epidemiology in the Celia Scott Weatherhead School of Public Health and Tropical Medicine at Tulane University. "By addressing the individual risk factors, we can help prevent early death for those with hypertension."

Hypertension, defined as a blood pressure of 130 mmHg or higher, is the leading preventable risk factor for premature death worldwide.

The study found that addressing each additional risk factor was associated with a 13% lower risk of early death, 12% lower risk of early death due to cancer and 21% lower risk of death due to cardiovascular disease, the leading cause of premature death globally.

"Optimal risk control" -- having 7 or more of the risk factors addressed -- was linked to 40% less risk of early death, 39% less risk of early death due to cancer and 53% less risk of early death due to cardiovascular disease.

"To our knowledge, this is the first study to explore the association between controlling joint risk factors and premature mortality in patients with hypertension," Qi said. "Importantly, we found that any hypertension-related excess risk of an early death could be entirely eliminated by addressing these risk factors."

Only 7% of hypertensive participants in the study had seven or more risk factors under control, highlighting a major opportunity for prevention. Researchers say the findings underscore the importance of personalized, multifaceted care -- not just prescribing medication for blood pressure, but addressing a broader range of health behaviors and conditions.
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Eating craved foods with meals lessens cravings, boosts weight loss | ScienceDaily
Food cravings are the downfall of many dieters, who feel locked in an eternal battle with their willpower to resist the tempting sweets, snacks and other foods they love.


						
However, researchers in food science and human nutrition at the University of Illinois Urbana-Champaign say in a new study that eating dessert may be the optimal strategy for losing weight, keeping it off and keeping cravings at bay. Dieters in a clinical trial who incorporated craved foods into a balanced meal plan lost more weight during the 12-month weight-loss program and their cravings remained minimal through the subsequent 12 months of maintenance.

Then-graduate student Nouf W. Alfouzan and nutrition professor Manabu T. Nakamura, who published their findings in the journal Physiology and Behavior, said that dieters' food cravings decreased while losing weight and remained minimal as long as they did not regain weight. The participants were part of a larger project conducted with physicians at Carle Clinic in Urbana, Illinois, that aimed to broaden the outreach of an in-person weight-loss program called the Individualized Dietary Improvement Program by converting it to an online format called EMPOWER.

"We recruited obese patients ages 18 to 75 who had comorbidities like hypertension and diabetes and could benefit from losing weight," Nakamura said. "Cravings are a big problem for many people. If they have a lot of cravings, it is very difficult to lose weight. Even when they are able to control their cravings and lose weight, if the cravings come back, they regain the weight."

Although many dieters reported in prior research that their cravings decreased while losing weight, Nakamura and Alfouzan said it remained unclear whether these changes persisted when they reached their weight-loss goal or quit dieting while trying to maintain their weight. Alfouzan, the first author of the current study, wanted to investigate that along with whether reduced cravings correlated with greater weight loss.

The dietary program used in the study educates dieters about key nutrients, helping them make informed decisions about their food selections until sustainable dietary changes are achieved, Nakamura said. Dieters used a data visualization tool that plots foods' protein, fiber and calories so they can enhance nutrition while minimizing the calories they consume.

During the first year, participants engaged in 22 online nutrition education sessions created by scholars at the university's Center for Innovation in Teaching and Learning that included strategies for dealing with cravings.




"If you are eating and snacking randomly, it's very hard to control," Nakamura said. "Some dietary programs exclude certain foods. Our plan used an 'inclusion strategy,' in which people incorporated small portions of craved foods within a well-balanced meal."

Every six months participants completed a questionnaire about their cravings for specific foods. These included high-fat foods such as hot dogs and fried chicken, fast food fats like hamburgers and chips, sweets such as cakes and cookies, and carbohydrates such as biscuits and pancakes.

The researchers also assessed the frequency and intensity of participants' cravings with another survey. Using a scale ranging from 1 (never) to 6 (always), individuals rated themselves on statements such as, "Whenever I have food cravings, I find myself making plans to eat" and "I have no willpower to resist my food cravings." The intensity of each dieter's cravings was calculated by adding their scores for all 15 statements.

Dieters also weighed in daily after getting out of bed and before breakfast using a Wi-Fi scale that transmitted the data to the researchers so they could track the changes.

A total of 30 people began the weight-loss program, and the 24 who remained at the end of the first year had lost an average of 7.9% of their starting weight. Of these, 20 people completed the yearlong maintenance program, but because a few regained some of what they had lost, their average weight loss was 6.7%, the researchers found.

Participants who lost more than 5% by the end of the study experienced consistent reductions in the frequency and intensity of their cravings while those who lost less than that did not. The team also found that individuals' craving for food in general and for specific types of foods such as sweets and carbohydrates diminished during the year of weight loss and stabilized during maintenance.

This finding suggests that individuals' reduced cravings correlated with decreased body fat rather than the negative energy balance of dieting, Nakamura said. "This basically debunks the hungry fat cell theory, a longstanding hypothesis that fat cells become starved for energy and trigger cravings, causing dieters to eat and ultimately regain what they lost. But that is not the case. As long as you stay at a healthy weight, your cravings will remain low."

Of the 24 participants who remained in the study at 12 months, more than half reported they used the inclusion strategy to manage cravings, some people as frequently as one to three times a day, while others used it once a week or more. Those who used the strategy lost significantly more weight compared with other participants and experienced significant reductions in their cravings for sweet and high-fat foods, the researchers found.

Consistency is another key to managing cravings and weight, Nakamura said. "The popular myth is you have to have a very strong will to fend off temptation, but that is not the case. Fluctuations in eating patterns, meal times and amounts trigger cravings, too. You have to be consistent."
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Genomic data shows widespread mpox transmission in West Africa prior to 2022 global outbreak | ScienceDaily
Historically, most human mpox infections have resulted from zoonotic transmission -- meaning from animals to humans -- and these spillovers have rarely led to human-to-human transmission. But during the 2022 global outbreak, mpox began spreading readily between people.A new study now shows the virus was circulating long before then.


						
Published in Nature on May 19, 2025, the study notes that mpox transmitted among humans in Nigeria for eight years before sparking the international outbreak in 2022. Using genomic tracing, the researchers estimate that the virus' ancestor first emerged in southern Nigeria in August 2014 and spread to 11 states before human infections were detected in 2017. The findings highlight the need for improved global surveillance and medicines, given the threat of impending pandemics.

"We could have very easily prevented the 2022 multi-country outbreak if countries in Africa were given better access to therapeutics, vaccines and surveillance technologies," says Edyth Parker, a professional collaborator in the Kristian Andersen Lab at Scripps Research and one of the paper's first authors. "In a vulnerably connected world, we cannot neglect epidemics until they get exported to the Global North."

Because the virus involved in the 2022 outbreak had an unexpected number of genetic mutations, scientists thought that mpox might have been circulating in Nigeria for much longer than expected. However, due to a lack of genomic data, it was unclear when and where the virus had first emerged, and what had driven its emergence.

To solve this problem, the study's senior author, Christian Happi, director of the Institute of Genomics and Global Health at Redeemer's University in Nigeria, organized a Pan-African consortium to share and generate mpox genomic data. The consortium involved researchers and public health agencies in West and Central Africa, with support from international collaborators including Scripps Research. By pooling samples and laboratory methods, the group generated a genomic dataset that is around three times larger than any previous mpox dataset.

Altogether, the team analyzed 118 viral genomes from human mpox cases that occurred in Nigeria and Cameroon between 2018 and 2023. All of the sequences were identified as Clade IIb -- the mpox strain endemic to West Africa. By comparing the genomes' sequences, the researchers created something called a phylogenetic tree, which estimates how related the different viruses are, and how recently they evolved.

They found that most of the viral samples from Nigeria were the result of human-to-human transmission (105/109), while the remaining four were caused by zoonotic spillover. In contrast, all nine mpox samples from Cameroon were derived from isolated zoonotic spillover events.




"Mpox is no longer just a zoonotic virus in Nigeria; this is very much a human virus," says Parker. "But the fact that there's ongoing zoonotic transmission means there's also a continual risk of re-emergence."

Using the phylogenetic tree, the team estimated that the ancestor of the human-transmitting mpox virus emerged in animals in November 2013 and first entered the human population in southern Nigeria in August 2014. They also showed that southern Nigeria was the main source of subsequent cases of human mpox: though the virus spread throughout Nigeria, continual human-to-human transmission only occurred in the country's south.

The team also showed that two of the zoonotically transmitted viral samples from southern Nigeria were related to the Cameroonian viruses, suggesting that viruses are traveling across the border.

"There's likely a lot more bi-directional viral movement happening between these countries, but we just don't have the wildlife sampling to detect it," says Parker. "Our study highlights the need for better wildlife surveillance, as well as better surveillance in the human populations that interface with animals in that forested border region."

Overall, the study shows the importance of better access to diagnostics, vaccines and therapeutics in Africa, the researchers say.

"Global health inequities really impede our ability to control both zoonotic and sustained human transmission," says Parker. "We cannot continue to neglect either the human epidemics in Africa or the risk of re-emergence -- not only does it perpetuate suffering in these regions, it means that inevitably there will be another pandemic."
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Waist-to-height ratio predicts heart failure incidence | ScienceDaily
Waist-to-height ratio predicts heart failure incidence, according to research presented today at Heart Failure 2025,1 a scientific congress of the European Society of Cardiology (ESC).


						
Obesity affects a substantial proportion of patients with heart failure (HF) and it has been reported that the risk of HF increases as body mass index (BMI) increases.2 Study presenter, Dr. Amra Jujic from Lund University, Malmo, Sweden, explained why the current analysis was carried out: "BMI is the?most common measure of obesity, but it is influenced by factors such as sex and ethnicity, and does not take into account the distribution of body fat. Waist-to-height ratio (WtHR) is considered a more robust measure of central adiposity, the harmful deposition of fat around visceral organs. In addition, whereas BMI is associated with paradoxically good HF outcomes with high BMI, this is not seen with WtHR.3 We conducted this analysis to investigate the relationship between WtHR and the development of HF."

The study population consisted of 1,792 participants from the Malmo Preventive Project. Participants were aged 45-73 years at baseline and were selected so that approximately one-third had normal blood glucose levels, one-third had impaired fasting glucose and one-third had diabetes. All participants were followed prospectively for incident HF.

The study population had a mean age of 67 years and 29% were women. The median WtHR was 0.57 (interquartile range, 0.52-0.61).

During the median follow-up of 12.6 years, 132 HF events occurred. Higher WtHR was associated with a significantly increased risk of incident HF (hazard ratio [HR] per one standard deviation increase 1.34; 95% confidence interval [CI] 1.12-1.61; p=0.001), independent of confounders. When WtHR was categorised into quartiles, individuals with the highest values of WtHR (median of 0.65) had a significantly higher risk of HF compared with individuals in the other three quartiles (HR 2.71; 95% CI 1.64-4.48; p<0.001).

Study co-author, Dr. John Molvin from Lund University and Malmo University Hospital, Sweden, noted: "The median WtHR in our analysis was considerably higher than 0.5, the cut-off for increased cardiometabolic risk. Having a waist measurement that is less than half your height is ideal." He concluded: "We found that WtHR was a significant predictor of incident HF and our results suggest that WtHR may be a better metric than BMI to identify patients with HF who could benefit from therapies for obesity. Our next step is to investigate whether WtHR predicts incident HF and also other cardiometabolic disorders in a larger cohort."
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Fast food, fast impact: How fatty meals rapidly weaken our gut defenses | ScienceDaily
A study led by researchers from WEHI (Melbourne, Australia) has become the first in the world to unravel the immediate effects of a high-fat diet on our gut health.


						
The pre-clinical study found even a few meals high in saturated fats can cause inflammation in the body, despite physical symptoms -- in the form of chronic inflammation -- potentially taking years to appear.

The landmark findings are the first to show how rapidly the foods we eat can impact our gut defences, paving the way for future interventions that could boost gut health and tackle chronic inflammation.

At a glance
    	    A landmark study has highlighted how our daily food choices can have an immediate effect on our gut health.
    
    	    Researchers discovered the gut protective protein, IL-22, was rapidly depleted in mice after just two days of eating high-fat foods.
    
    	    It's hoped the findings will influence dietary guidelines centred around ways to naturally boost our gut protection and help lead to new future methods to restore or boost gut function for people living with chronic inflammatory diseases, like inflammatory bowel disease.
    




A silent threat to gut health

About one in three Australians currently live with chronic inflammatory disease, like coeliac disease, inflammatory bowel disease and rheumatoid arthritis.

But how this inflammation arises and causes disease remains largely unknown.

Dr Cyril Seillet, a senior author on the paper, said the team's findings were a significant breakthrough that could help pinpoint how chronic inflammation occurs at the source.

"We've shown that every meal we consume actively shapes our gut health," Dr Seillet said.

"The more saturated fats we eat, the more inflammation that builds up -- gradually weakening our gut defences and increasing our susceptibility to chronic inflammation.




"But this inflammation build-up is initially silent, remaining hidden in our bodies until years later, where it can present as chronic inflammation."

Researchers were able to detect microscopic changes to the gut health and function in mice even after a few high-fat meals, despite the mice lacking any visible symptoms of inflammation, such as weight gain.

"This shows how easily inflammation can develop without immediate warning signs," Dr Seillet said.

"While occasional high-fat meals won't impair your gut protection barrier, a consistent diet that is high in saturated fats is laying the foundation for chronic gut inflammation to present in future."

Rapid immune response 

In the study, with senior author and WEHI Laboratory Head Professor Stephen Nutt, researchers also found short-term exposure to high-fat diets can reduce the production of IL-22, a crucial protein that helps control gut inflammation.

It's the first time the rapid impact of high fat diets on this protein has been shown.

First author on the paper, Le Xiong, said high-fat diets were a double hit to our gut barrier because they not only promoted inflammation, but also disabled the body's ability to fight it.

"IL-22 is a critically important protein for gut health and protection. Without it, the gut loses its ability to prevent inflammation," Le Xiong said.

"It took only two days of consuming high-fat foods for the mice to lose their IL-22 stores and have an impaired gut function.

"Despite their gut protection capabilities being stripped away, the mice still looked healthy -- highlighting how gut health can be compromised long before any visible symptoms appear."

The team observed that while saturated fats suppress IL-22 production, unsaturated fats, like those found in nuts and avocados, actually do the opposite and boost the protein's production -- a pattern researchers believe would be replicated in humans.

Therapeutic intervention potential

Researchers were able to rebuild the gut function of the mice in the study by restoring their IL-22 levels -- highlighting the potential of creating a therapeutic intervention that can also restore gut health in humans.

But researchers want to first focus on ways to naturally boost IL-22 levels.

The team hopes their findings will influence dietary guidelines that emphasise the importance of incorporating unsaturated fats into our diets to naturally boost gut protection, while also promoting better nutrition-based strategies for people at risk of chronic inflammatory diseases.

This research is supported by the National Health and Medical Research Council (NHMRC) and involved collaborations with Monash University, the Baker Institute and the Department of Anatomy and Physiology at the University of Melbourne.
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Survival trick: Pathogen taps iron source in immune cells | ScienceDaily
The body defends itself against pathogens by depriving them of vital iron. However, this strategy doesn't always succeed against Salmonella. Researchers at the University of Basel have discovered that these bacteria specifically target iron-rich regions within immune cells to replicate. Their findings on how pathogens evade the immune defense are important for fighting infections.


						
Our body keeps bacterial pathogens under control by restricting their access to essential nutrients such as iron. Iron is crucial for all living organisms. When bacteria are deprived of iron, they stop growing and replicating -- in other words, they are starved out. As a result, the pathogens are prevented from spreading and the infection is kept under control.

Professor Dirk Bumann's team at the Biozentrum, University of Basel, has now discovered in mice that not all pathogens can be outsmarted so easily. In their study, recently published in Cell Host & Microbe, the scientists have demonstrated that certain bacteria hide specifically in the few immune cells with particularly high levels of iron. Protected from the immune system, the pathogens replicate in these iron-rich niches.

Iron deprivation as a defense strategy

The researchers studied Salmonella, a bacterium known to cause typhoid fever. To escape the immune defense, this pathogen enters and resides in specific immune cells. These so-called macrophages defend against the invaders by pumping iron out of the bacteria's hiding place using the transport protein NRAMP1. This nutrient deprivation is a successful defense mechanism of the body. Yet, Salmonella has found a clever way to circumvent this strategy.

"We were surprised that iron deprivation hardly affects the overall Salmonella population. At first, we couldn't explain this phenomenon," says Bumann. "But our single-cell analysis revealed that a significant proportion of the bacteria specifically target iron-rich macrophages." In fact, Salmonella often infects macrophages in the spleen, which degrade old or damaged red blood cells. Since red blood cells contain large amounts of iron, the sites of their degradation are particularly rich in iron -- and the bacteria tap into this resource.

Bacteria exploit iron-rich niches

"In the spleen's macrophages, we found two Salmonella populations," explains Bumann. "One group resides in iron-poor regions and struggles to survive. Another subset resides in vesicles rich in red blood cell remnants."




Also in these vesicles, the NRAMP1 transporter removes the iron for recycling. Yet, the concentration remains extremely high. "Even if over 99 percent of the iron is pumped out, the small remaining amount is still enough for the bacteria to keep growing," adds Bumann. This iron-replete Salmonella subset primarily drives infection.

Host-pathogen dynamics

Heterogeneous populations are crucial for the survival and spreading of Salmonella within the host. This study highlights the adaptation strategies of pathogens to circumvent even sophisticated immune defense mechanisms.

The findings provide important insights into host-pathogen dynamics. "Our work also emphasizes the importance of studying infections at the single-cell level," says Bumann. "Only by understanding the survival strategies of pathogens can we find effective ways to combat infections."
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After cardiac event, people who regularly sit for too long had higher risk of another event | ScienceDaily
People who sit or remain sedentary for more than 14 hours a day, on average, may have a higher risk of a cardiovascular event or death in the year after treatment at a hospital for symptoms of a heart attack such as chest pain, according to new research published today in the American Heart Association's peer-reviewed scientific journal Circulation: Cardiovascular Quality and Outcomes.


						
Previous research from the study authors found that people who had experienced a heart attack were spending up to 12 to 13 hours each day being sedentary, defined as any awake activity that involved little-to-no physical movement. In this study, the researchers used a wrist accelerometer to track the amount of time each participant spent moving or being sedentary for a median of 30 days after discharge from a hospital's emergency department.

Wrist accelerometers measure the acceleration of motion in three directions -- forwards and backwards, side-to-side, and up and down. These measurements allowed the researchers to infer the intensity of a participant's physical activity, and they provide more accurate measurements of the participants' time spent moving, rather than asking participants to remember. Some examples of moderate intensity physical activities are brisk walking, water aerobics, dancing, playing doubles tennis or gardening, and examples of vigorous-intensity activities are running, lap swimming, heavy yardwork such as continuous digging or hoeing, playing singles tennis or jumping rope.

"Current treatment guidelines after a cardiac event focus mainly on encouraging patients to exercise regularly," said study lead author Keith Diaz, Ph.D., the Florence Irving Associate Professor of Behavioral Medicine at Columbia University Medical Center in New York City, a certified exercise physiologist and a volunteer member of the American Heart Association's Physical Activity Science Committee. "In our study, we explored whether sedentary time itself may contribute to cardiovascular risk."

Researchers followed more than 600 adults, ages 21 to 96, treated for a heart attack or chest pain in the emergency department at a single hospital system in New York City. Participants wore a wrist accelerometer for a median of 30 consecutive days after hospital discharge to measure the amount of time they spent sitting or being inactive each day. Additional cardiac events and deaths were evaluated one year after hospital discharge via phone surveys with patients, electronic health records and the Social Security Death Index. The study was focused on understanding the risk of sedentary behavior and identifying modifiable risk factors that may improve long-term outcomes in this high-risk group.

The analysis found:
    	Compared to participants in the group with the highest physical activity level, those in the group with the lowest activity level had a 2.58 times higher risk of having another heart problem or dying within the next year.
    	Replacing 30 minutes of sedentary time with 30 minutes of moderate to vigorous physical activity, daily, reduced the risk of adverse cardiovascular events or death by 61%; replacing the sedentary time with light-intensity physical activity reduced risk by 50%; and replacing the sedentary time with 30 minutes of sleep lowered risk by 14%.
    	According to accelerometer data, participants in the most physically active group had average daily physical activity measures of 143.8 minutes of light physical activity; 25 minutes of moderate-to-vigorous physical activity; 11.7 hours spent sedentary; and 8.4 hours of sleep.
    	Participants in the least physically active group had daily averages of 82.2 minutes each day of light physical activity; 2.7 minutes of moderate-to-vigorous physical activity; 15.6 hours spent sedentary; and 6.6 hours of sleep.
    	Participants in the group between most and least physically active had daily averages of 109.2 minutes of light intensity physical activity; 11.4 minutes of moderate-to-vigorous intensity physical activity; 13.5 hours spent sedentary and 7.8 hours of sleep.

"We were surprised that replacing sedentary time with sleep also lowered risk. Sleep is a restorative behavior that helps the body and mind recover, which is especially important after a serious health event like a heart attack," Diaz said. "Our study indicates that one doesn't have to start running marathons after a cardiovascular event to see benefits. Sitting less and moving or sleeping a little more can make a real difference. More physical activity and more sleep are healthier than sitting, so we hope these findings support health professionals to move toward a more holistic, flexible and individualized approach for physical activity in patients after a heart attack or chest pain."

Physical activity and sleep are both key components of the American Heart Association's Life's Essential 8, a list of health behaviors and factors that support optimal cardiovascular health. Poor sleep is a known risk factor for cardiovascular disease, which claims more lives each year in the U.S. than all forms of cancer and chronic lower respiratory disease combined, according to the American Heart Association's 2025 Statistical Update. In addition to sleep duration, a recent scientific statement from the Association highlighted the importance of sleep continuity, sleep timing, sleep satisfaction, sleep regularity, sleep-related daytime functioning and sleep architecture in cardiometabolic health.




The study had several limitations, including that the definition of sedentary behavior was based only on the intensity level of physical movement, meaning that the study may have overestimated the time participants spent in sedentary behavior. Additionally, there was no information about participants' income and characteristics of the neighborhoods where they live, which limits the study's ability to account for social and environmental factors including participants' risk of one-year cardiac events and deaths. Also, hospital discharge information about whether patients were sent home, referred to rehabilitation or referred to other care centers such as skilled nursing facilities were not collected. This limited the study's ability to fully assess whether the patients' settings had an impact on their recovery.

"This study provides further support for a 'sit less, move more' strategy and -- important for patients recently hospitalized for acute coronary syndrome who may have barriers to more intense exercise -- found that increasing light-intensity activities by 30 minutes a day was related to dramatic reductions in the risk of a cardiac event within the next year," said Bethany Barone Gibbs, Ph.D., FAHA, a professor and chair of the department of epidemiology and biostatistics at the School of Public Health at West Virginia University in Morgantown, West Virginia, and immediate past chair of the American Heart Association's Physical Activity Committee.

"This study found that replacing sedentary time with light intensity activities, like tidying up the house or strolling at a slow pace, was nearly as beneficial as moderate-to-vigorous intensity physical activities, like biking or doing aerobics. In addition, replacing just 30 minutes of sedentary behavior with any intensity of physical activity more than halved the risk of having a cardiac event over the one-year follow-up," she said. "These findings suggest sitting less and doing anything else -- like taking a walk, cooking, playing with your dog or gardening -- will help you stay healthier."

Study details, background and design:
    	The study included 609 adults who were treated in the hospital emergency department for symptoms of chest pain and heart attack, suggestive of acute coronary syndrome, between September 2016 and March 2020, at Columbia University Irving Medical Center in New York City.
    	When discharged from the hospital, study participants received an accelerometer to wear on their wrists to track their sedentary and physical activity habits. Participants completed follow-up phone interviews at one month and one year after hospital discharge.
    	Participants were asked to wear the accelerometers for 30 consecutive days and most did, the researchers said; all participants who wore the device for at least 4 consecutive days were included in the analysis. The median number of days that participants wore accelerometers was 30 days. (Of note: The accelerometers used in this study had a battery life of ~45 days, therefore, they did not to be taken off to be charged.)
    	Study participants were an average age of 62 years old; 48% were women, and 52% were men. Approximately 58% of participants self-identified as Hispanic adults; 22.8% were non-Hispanic Black adults; 11% were non-Hispanic white adults; and 8.2% self-identified as a race or ethnicity listed under "Other."
    	Within one year of hospital discharge, 8.2% of patients (n=50) experienced a cardiac event or died.
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More donor hearts by extending the preservation time | ScienceDaily
A new discovery by Mayo Clinic researchers could mean more donor hearts are available for heart transplant, giving more people a second chance at life. In findings published in Nature Cardiovascular Research, a team led by Mayo Clinic cardiac surgeon Paul Tang, M.D., Ph.D., identified a biological process that contributes to donor heart injury during cold storage. The researchers found that a drug already used to treat heart conditions can prevent this damage.


						
Heart transplantation is the most effective treatment for end-stage heart failure, yet fewer than half of donor hearts are ultimately used. One major reason is the relatively short window for transplanting a donated heart into a patient, due to issues that come from leaving a heart in cold storage too long.

Why donor hearts deteriorate in cold storage

Although cold storage slows metabolism and helps preserve tissue, prolonged exposure to cold can lead to molecular changes that compromise how well the heart performs after transplant. One complication is called primary graft dysfunction, in which the transplanted heart cannot pump effectively after surgery. This may affect up to 20% of recipients to varying degrees.

To investigate why this damage occurs, the researchers focused on a protein inside heart cells called the mineralocorticoid receptor, which plays a role in how cells respond to stress. During cold storage, they found that this protein undergoes a process in which the protein clumps together in a way that harms the heart cells, called liquid-liquid phase separation. This damage leads to inflammation and cell death, making the heart less likely to function well after transplant.

Preventing damage with a common drug

To test whether the process could be prevented, the researchers treated donor hearts with a drug called canrenone, which blocks mineralocorticoid receptor activity. In human donor hearts stored beyond the typical timeframe, treatment with the drug nearly tripled their pumping strength compared to hearts stored without it. The hearts also showed better blood flow and fewer signs of cell injury. The findings suggest canrenone may help extend the safe storage period for donor hearts by improving the heart's pumping strength to increase chances of a successful transplant.

"As a cardiovascular surgeon, I've seen how every additional hour of preservation can impact the likelihood of whether a donor heart can return to normal function after transplantation," Dr. Tang says. "This discovery may give us a new tool to preserve heart function for longer during storage, improve transplant outcomes and enhance patient access to lifesaving transplants."

The study's findings also have the potential to improve the preservation of other transplantable organs. Similar protein clustering was observed in donor kidneys, lungs and livers during cold storage. This suggests that the same strategy may help expand transplant options across multiple organ systems.
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Don't hit snooze on new research about waking up each morning | ScienceDaily
Sleep experts recommend against snoozing after a wake-up alarm, but a study led by researchers at Mass General Brigham shows the practice is common, with more than 50% of sleep sessions logged ending in a snooze alarm and users spending 11 minutes on average snoozing


						
Even though using the snooze function on an alarm clock isn't recommended by sleep experts, it's a common practice, according to a new study led by researchers at Mass General Brigham. Using data from the sleep analysis app Sleep Cycle, researchers analyzed sleep data from more than 21,000 people around the world. The snooze button was pressed in close to 56% of the 3 million nights studied. Around 45% of study subjects hit the snooze button on more than 80% of mornings. These heavy users snoozed, on average, 20 minutes a day. Results are published in Scientific Reports.

"Many of us hit the snooze alarm in the morning with the hope of getting a 'little more sleep,' but this widely practiced phenomenon has received little attention in sleep research. In a global sample we found that more than half of sleep sessions end in a snooze alarm, and users spent an average of 11 minutes in between snooze alarms each morning before waking," said lead author Rebecca Robbins, PhD, in the Division of Sleep and Circadian Disorders Medicine at Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system.

Reliance upon snooze varied by day of the week, with more snooze alarm during the typical work week (Monday through Friday) with the lowest snooze alarm utilization on Saturday and Sunday mornings.

Snooze alarm utilization was lower among those sleeping five or fewer hours. According to the researchers, this could be because short sleepers are cutting sleep short due to occupational responsibilities, which would require them to wake up and start their day, leaving little time for a snooze. Heavy users of the snooze alarm (those relying on snooze alarm on more than 80% of mornings studied) spent on average 20 minutes in between snooze alarms. Heavy snooze alarm users also demonstrated more erratic sleep schedules than other categories of users.

People in the U.S., Sweden and Germany had the highest snooze button use, while those living in Japan and Australia had the lowest.

"Unfortunately, the snooze alarm disrupts some of the most important stages of sleep," said Robbins. "The hours just before waking are rich in rapid eye movement sleep. Hitting the snooze alarm will interrupt these critical stages of sleep and typically only offer you light sleep in between snooze alarms. The best approach for optimizing your sleep and next day performance is to set your alarm for the latest possible time, then commit to getting out of bed when your first alarm goes off."
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Family of parasite proteins presents new potential malaria treatment target | ScienceDaily
Researchers from the Francis Crick Institute and the Gulbenkian Institute for Molecular Medicine (GIMM) have shown that the evolution of a family of exported proteins in the malaria-causing parasite Plasmodium falciparum enabled it to infect humans.


						
Targeting these proteins may hold promise for identifying new drugs that are less susceptible to resistance.

Malaria infects over 200 million and kills over 500,000 people every year. It is caused by Plasmodium parasites infecting red blood cells and being transmitted from host to host by mosquitos. There are available treatments, but drug resistance is an ongoing problem.

In research published today in Nature Microbiology, a team of malaria researchers at the Crick, now based at GIMM, investigated the deadliest Plasmodium species, P. falciparum, which causes over 95% of malaria deaths.

Parasitic tools to target human cells 

During a malaria infection, the P. falciparum parasite injects 10% of its proteins into host red blood cells, remodelling these cells so they stick to the blood vessels and to each other, eventually causing blood clots.

These exported proteins include a family called FIKK kinases, which modify host molecules or other exported parasite proteins to activate or inactivate them.




The team looked at over two thousand P. falciparum samples from people infected with malaria, finding that out of 21 FIKK kinases, 18 were protected against harmful mutations, suggesting they are necessary for the parasite to infect humans and likely helped it evolve.

The researchers then expressed the FIKK kinases in bacteria to see what each one does. This experiment showed that the FIKK kinases all had different protein targets in the cell.

To their surprise, the scientists demonstrated that one FIKK kinase specifically targets an amino acid called tyrosine, which hasn't been shown before in parasites. They believe this kinase evolved to interact with specific host cell signalling pathways that use tyrosine.

Using a combination of computational and laboratory tools, including the protein structure prediction software AlphaFold 2, the scientists revealed that the specificity of FIKK kinases for different protein targets is linked to small changes in a flexible 'loop region'.

Even though these small changes allow different kinases to recognise different proteins, the team identified some recurring structures in the loop regions, which make FIKK kinases different from human kinases and offer a potential way to target them.

Blocking all FIKK kinases 

In search of a way to disrupt the FIKK kinases, the team screened a library of molecules known to block human kinases, in collaboration with GlaxoSmithKline. They identified three promising molecules and then found that two blocked most FIKK kinases in a test tube.




As blocking all FIKK kinases at once could be a promising treatment strategy to ease malaria symptoms, the next steps will be drug development to modify these compounds so they can be used in people.

Moritz Treeck, head of the Cell Biology of Host-Pathogen Interaction Laboratory, formerly at the Crick and now at the Gulbenkian Institute for Molecular Medicine, said: "About 1 million years ago, Plasmodium crossed from birds into great apes. With this cross, the FIKK kinase family expanded to enable infection of our closest relatives. A relatively short time ago, Plasmodium falciparum crossed from great apes to humans, and we've shown that the kinases needed for survival in great apes are still required for survival in humans. This suggests that targeting shared properties of FIKK kinases could stop P. falciparum from remodelling the host cell."

Hugo Belda, former postdoctoral research assistant at the Crick, now postdoctoral researcher at GIMM and co-first author with David Bradley, said: "This project has been very collaborative across multiple institutions and disciplines, resulting in a holistic investigation into P. falciparum evolution. Current drugs mostly target single proteins, which makes the emergence of drug resistance more likely. Developing compounds which target several proteins at once, like those blocking all FIKK kinases, may be one way to tackle this problem."

The majority of the research took place at the Crick, with some experiments taking place at GIMM. The researchers worked with the Crick's Protein-Protein Interaction Laboratory led by Louise Walport, as well as the Structural Biology, Chemical Biology, Flow Cytometry and Proteomics teams, Crick-GSK LinkLabs and Christian Landry's team at Universite Laval in Canada.
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Scientific breakthrough: We can now halve the price of costly cancer drug | ScienceDaily
The demand for the widely used cancer drug Taxol is increasing, but it's difficult and expensive to produce because it hasn't been possible to do it biosynthetically. Until now, that is. Researchers from the University of Copenhagen have cracked the last part of a code that science has struggled with for 30 years. The breakthrough could halve the price of the drug and make production far more sustainable.


						
Taxol is one of the most commonly prescribed chemotherapy drugs for breast, ovarian, cervical, and lung cancer. Yet producing the drug is complex, costly, and environmentally burdensome, as it currently relies on a complicated chemical semi-synthesis. For 30 years, scientists around the world have tried to understand how taxol, a natural compound derived from the Pacific yew tree, forms in nature. Decoding this process would allow for biotech-based production. But the final steps remained unknown -- until now.

A research team from the University of Copenhagen has succeeded in finding the two missing pieces: They have identified the enzymes responsible for the two critical final steps in the biosynthetic pathway that makes Taxol active as a drug.

"Taxol has been the Holy Grail in this research field for decades because it's an exceptionally complex molecule. But with the discovery of the final two enzymes, we now fully understand how it's formed. This has allowed us to develop a biotechnological method to produce taxol in yeast cells," says Sotirios Kampranis, Professor at the Department of Plant and Environmental Sciences and senior author of the study published in Nature Synthesis.

The method involves cloning the taxol-producing genes from the yew tree and inserting them into yeast cells. These engineered yeast cells then become host organisms or micro-factories with the full recipe to produce taxol.

Affecting women in developing countries

The research team from the University of Copenhagen has applied for patenting the method and is in the process of launching a spin-out company to manufacture biosynthetic Taxol.




"Using this method, we can produce Taxol cheaper than current conventional methods. Looking ahead, once we refine the process further, we expect to be able to reduce the cost by half," says Assistant Professor and first author Feiyan Liang.

Lower prices are especially crucial as ovarian cancer is on the rise globally. The prevalence of the disease is expected to increase by over 55 percent by 2050, with the vast majority of cases in low and middle-income countries. The number of women dying from ovarian cancer is projected to rise by nearly 70 percent in the same period.

Currently, taxol costs more than USD 20,000 per kilogram, making it one of the most expensive active pharmaceutical ingredients in use.

"We see increasing demand for Taxol in many developing countries, where the high price is a major barrier. We hope our work will contribute to lower-priced drugs so that more people can have access to cancer treatment," Feiyan Liang says.

Much more sustainable

The new method is not only more cost-effective but also more sustainable than chemical synthesis. One advantage is that the procedure does not involve harmful chemicals and solvents common in chemical production. Another advantage is that it allows the use of more crude, less purified extracts from yew needles as starting material -- much cheaper than the ultra-pure inputs required in chemical semi-synthesis. On top of that, the materials can be recycled.

"We want to show that it's possible to build a biotechnological drug production that is both sustainable and low-cost. There are very few examples of that today, but we now have the foundation to make it happen," says Sotirios Kampranis.

TWO TREES PER TREATMENT
    	Taxol was originally extracted from the inside bark of the Pacific yew tree (Taxus brevifolia), but as the taxol content in the bark is very low, harvesting it meant removing all the bark and as a result of this killing the tree.
    	Yew trees take 70 to 100 years to mature. Producing just one treatment required about two trees, making this method highly unsustainable. It was abandoned years ago, though wild yew trees are still under pressure in some regions.
    	Today's most common method involves harvesting a similar compound from yew needles for chemical synthesis, but the cost of this process is still high, which is why the average price of taxol exceeds USD 20,000 per kilogram (source: https://www.pharmacompass.com/price/paclitaxel).
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Early puberty increases risk of overweight later in life for girls | ScienceDaily
Girls who enter puberty early have a higher risk of developing overweight later in life -- even if they were not overweight as children.


						
This is shown by a new study from Aarhus University, which has analyzed height, weight, and puberty data from nearly 13,000 Danish children.

"Overall, we found that children who entered puberty early had a higher BMI before, during, and after puberty," explains postdoc Anne Gaml-Sorensen from the Department of Public Health.

"However, we were surprised to see that the connection between early puberty and higher BMI in adulthood, which other studies have shown for boys, can partly be explained by the fact that they already had a higher BMI before puberty," continues Anne Gaml-Sorensen.

Unique opportunity to follow children closely

The study is based on the cohort "Better Health in Generations" (BSIG), where researchers have linked information about pubertal development with more than 136,000 height and weight measurements from school and medical records, among others.

The children were followed closely from ages 7 to 18 -- a method that differs significantly from previous research in this area.




Most previous studies have been limited to a single BMI measurement and a single marker for puberty, such as age at menarche. This has made it difficult to say anything definitive about how weight and pubertal development are connected over time.

"What makes our study unique is that we can track BMI and pubertal development over several years. We have many different puberty milestones, and we can compare them with BMI at many points in childhood and adolescence," explains Professor Cecilia Host Ramlau-Hansen, who has researched pubertal development for more than ten years and is another of the main authors of the study.

Biological differences between the sexes

The results show that girls with early puberty have higher BMI as young adults -- even if they had normal weight in childhood.

This suggests that there is a biological difference between the sexes that makes girls more vulnerable to the impact of early puberty on weight.

For boys, there was only a small independent effect of puberty age when researchers accounted for their BMI as seven-year-olds. Their development therefore more closely follows the pattern one would expect based on their weight in childhood.

"We see the strongest signal in girls, and this may well be due to a real biological difference between the sexes. It is possible that the hormonal changes that girls undergo during puberty have a greater effect on the body's fat storage and metabolism -- and thus increase the risk of overweight later in life," says Associate Professor Nis Brix, who is also one of the main authors of the study.

"At its core, it's important that school nurses and other professionals are aware that earlier puberty appears to increase the risk that especially girls have a higher BMI throughout adolescence and as young adults," says Anne Gaml-Sorensen.

However, the researchers emphasize that these are small differences, so it should not cause concern for individuals.
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A first blueprint of chemical transport pathways in human cells | ScienceDaily
An unprecedented international effort to decode how cells manage the transport of chemical substances has culminated in four groundbreaking studies published in Molecular Systems Biology. Led by Giulio Superti-Furga at CeMM, the Research Center for Molecular Medicine of the Austrian Academy of Sciences, and supported by an international consortium of academic and pharmaceutical partners under the European Union's Innovative Medicines Initiative, this decade-long project provides the first comprehensive functional blueprint of chemical transport pathways in human cells.


						
All life depends on the ability of cells to exchange substances with their environment. Nutrients, ions, and vitamins must be absorbed, while waste and special metabolites must be expelled. This fundamental process relies on transporter proteins embedded in cell membranes. Despite their crucial role, the function of many of the hundreds of human transporter-encoding genes has remained a mystery, slowing progress in fields ranging from cancer therapy to metabolic and neurological disease research.

Recognizing this challenge, the Superti-Furga group at CeMM first called for intensified research in a landmark 2015 article in Cell. Ten years later, CeMM and an international consortium have succeeded: by focusing on the largest family of transporters -- the solute carriers (SLCs) -- they have more than doubled existing knowledge and laid the foundations for future breakthroughs in understanding and targeting these critical proteins.

A Megaproject on Membrane Transporters

In a massive, coordinated effort, 120 researchers from 13 institutions across eight countries came together under the RESOLUTE consortium. After more than five years of laboratory work, most of the experimental data were gathered. The CeMM team, supported by a few key partners and primarily financed by the Austrian Academy of Sciences, then spent an additional year harmonizing, integrating, and interpreting the extensive datasets.

The result is a transformative expansion of the known biology of SLC transporters, integrating multidisciplinary experimental and computational approaches. Their findings illuminate the intricate logistics of chemical traffic within human cells, offering powerful new resources for the scientific and medical communities worldwide.

"It is difficult to find in history a comparably ample and strong 'push' of enabling knowledge and tools towards an individual target class, so heavily involved in human disease," says Giulio Superti-Furga, Scientific Director of CeMM and Coordinator of the RESOLUTE consortium. "With these four studies, we hope to have lowered the barrier for transporter research and catalyzed a surge in biomedical discovery for years to come."

The effort not only generated vast scientific insights but also produced an impressive arsenal of reagents, datasets, and analytical tools -- all made freely available to the global scientific community via https://re-solute.eu.




"What is the most important outcome is that we were able to annotate most, if not all, solute carriers with functional information and have created a vast arsenal of tools that now serve the global research community. This achievement, culminating in the RESOLUTE knowledge base, represents a unique resource and a true community treasure," says Ulrich Goldmann, a key researcher responsible for data integration.

Giulio Superti-Furga adds: "We are deeply grateful for the support of the Innovative Health Initiative, IHI, (previously Innovative Medicines Initiative, IMI), a partnership of the European Federation of Pharmaceutical Industries and Associations, EFPIA, and the European Union, EU, and the contributions of all our outstanding partners -- without whom this project would never have come to life. Since a couple of years, CeMM has shouldered much of the responsibility to validate, annotate, maintain and further develop this invaluable platform. Looking ahead, there is a genuine opportunity for funding bodies and industry stakeholders to help secure the long-term sustainability and expansion of this effort. It is not too late to propose and contribute the means to ensure this community treasure continues to grow and inspire biomedical research worldwide."

Project Manager Tabea Wiedmer, who took over after the premature and tragic death of Daniel Lackner, emphasizes the collaborative spirit of the initiative: "Coordinating the research efforts of such a large group of scientists was a formidable challenge, especially during COVID. We had to develop all sorts of creative strategies to keep partners focused and motivated -- but it worked wonderfully. The success relies heavily on efficiently combining expertise across fields."

Key Highlights of the Four Landmark Studies:
    	Metabolic Mapping of the SLC Superfamily: Hundreds of SLC genes were systematically knocked out or overexpressed in human cell lines, revealing distinct metabolic and gene expression signatures and identifying potential substrates for 71 previously uncharacterized transporters. SLC45A4 was identified as a novel polyamine transporter, opening doors to new metabolic roles. Clustering analysis revealed functional subgroups of SLCs, including those involved in osmolyte balance and glycosylation -- functions previously unlinked to specific SLCs.
    	The Complete SLC Interactome: Researchers mapped protein-protein interactions for nearly 400 SLCs, uncovering thousands of new connections and shedding light on fundamental regulatory mechanisms. Specific examples, like the role of PDZ-domain proteins in trafficking, or degrons in stability, illustrate how SLCs are regulated post-translationally.
    	The First Genetic Interaction Map of SLCs: Through more than 35,000 double-knockout experiments, the team identified synthetic lethal interactions and functional redundancies, suggesting new therapeutic targets, particularly among mitochondrial SLCs. SLC39A1, a zinc transporter, plays an unexpected role in metabolic rewiring and anti-apoptotic signaling in cancer.
    	An Integrative Functional Landscape of SLCs: By combining RESOLUTE-generated data with public datasets, researchers created a richly annotated and freely accessible database, systematically charting the biochemical and biological properties of the SLC transporter family. The work may serve as a blueprint for the systematic extraction and integration of knowledge from high-dimensional, multi-omics data.

Unlocking New Therapeutic Opportunities

SLC transporters are implicated in a wide range of diseases, including cancer, neurological disorders, diabetes, and inherited metabolic conditions. Furthermore, the efficacy of numerous drugs depends on their ability to traverse cellular membranes via specific transporters.

By dramatically expanding the knowledge on transporters and providing essential tools, RESOLUTE paves the way for accelerated therapeutic innovation and new precision medicine approaches.
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Changes in the aging heart may lessen the risk of irregular heartbeats | ScienceDaily
Virginia Tech researchers at the Fralin Biomedical Research Institute at VTC have discovered that microscopic structural changes in the aging heart may reduce the risk of irregular heartbeats.


						
Medically known as arrhythmias, irregular heartbeats become more common with age and can lead to health problems.

But a new study in JACC Clinical Electrophysiology, a journal of the American College of Cardiology, revealed that a tiny gap between heart cells called the perinexus naturally narrows with age -- an adaptation that may help stabilize heart rhythm.

The discovery challenges the idea that all age-related changes in the heart are harmful.

"As we get older and cardiac cells get bigger, the body compensates by making electrical communications more robust," said Steven Poelzing, the James and Deborah Petrine professor at the Fralin Biomedical Research Institute. "Making sure the communication between cells remains high during aging appears to occur naturally to keep cardiovascular disease in check."

Poelzing suggests that the body compensates for an aging heart by reinforcing the structure between cells to strengthen electrical communication and support the rapid influx of sodium ions that initiate each heartbeat.

Arrhythmias occur when the heart's electrical signals become too fast, too slow, or disorganized. They affect millions worldwide and can range from harmless to life-threatening, increasing the risk of stroke, heart failure, and sudden cardiac arrest.




The National Heart, Lung, and Blood Institute reports that atrial fibrillation is the most common arrhythmia, affecting more than 2 million adults in the United States, with numbers expected to rise significantly.

To investigate how structural changes in the heart impact arrhythmia risk, researchers studied young and old guinea pig hearts, using medication to trigger a condition called sodium channel gain of function.

They found that older hearts naturally had a narrower perinexus, which appeared to protect against arrhythmias. However, when this space was artificially widened, older hearts quickly developed irregular rhythms, while younger hearts remained stable.

As heart cells grow larger with age, they adhere more tightly, maintaining electrical stability.

"If you can keep cells nicely packed, you can conceal a lot of age-associated cardiac pathologies," said Poelzing, who is also a professor in the Department of Biomedical Engineering and Mechanics in the Virginia Tech College of Engineering.

He compared it with a house's foundation: If the foundation is solid, the structure can tolerate wear and tear elsewhere. But if the foundation is unstable, the whole structure is at greater risk.

From a clinical perspective, Poelzing said this study also sheds light on why arrhythmias can be difficult to detect in aging patients.

Cardiologists refer to some heart diseases as "concealed" because the body naturally compensates for electrical instability -- returning to normal function before a problem can be caught on standard tests. This is why doctors often rely on long-term monitoring to detect arrhythmias before the heart re-stabilizes the issue.

An accompanying editorial in JACC: Clinical Electrophysiology commented on the study, describing the delicate, "push-and-pull" balance between the perinexus size and electrical activity in the heart. The editorial also highlighted the broader significance of the findings, suggesting that targeting perinexus size could offer new strategies for preventing arrhythmias and improving heart health as people age.
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New protein target for childhood medulloblastomas | ScienceDaily
Medulloblastomas are one of the most common childhood brain cancers.


						
Particularly, Group-3 medulloblastomas are aggressive and incurable, contributing to childhood cancer deaths.

Led by University of Michigan researchers, a study in Cancer Cellidentified a new target for Group-3 medulloblastomas.

The results help identify new therapeutic avenues for treating these deadly tumors.

Compared to normal cells, cancer cells use nutrients differently to build new molecules and generate energy.

To identify which metabolic pathways differ in Group-3 medulloblastomas, the team looked at more than 2,000 genes that behave differently in these cancer cells.

They found that high levels of the gene for dihydrolipoyl transacetylase were associated with lower patient survival.




The team also discovered that this DLAT gene was controlled by c-MYC, a protein that is central to Group-3 medulloblastoma biology.

The protein c-MYC was in turn regulated by a metabolic enzyme called isocitrate dehydrogenase 1.

Using cell lines and mouse models, the team showed that DLAT had a role in metabolism and responding to oxidative stress.

However, high levels of DLAT also made Group-3 medulloblastomas more sensitive to copper-dependent cell death, known as cuproptosis.

"Although copper is important for brain development, we know that too much of it or too little of it can cause diseases," said Sriram Venneti, M.D., Ph.D., professor of pathology and pediatrics and a member of Rogel Cancer Center.

"Cuproptosis is a newly discovered form of copper-dependent cell death. Even though we don't know how it works, there is growing evidence that some types of cancers are sensitive to it."

The team used a molecule called elesclomol that increases copper levels inside Group-3 medulloblastoma tumor cells to kill them.




Mice that had been treated with elesclomol lived longer and had reduced tumor levels compared to the control mice.

"Finding a drug that can penetrate into the brain is usually a huge challenge," Venneti said.

"Elesclomol can cross the blood-brain barrier and enter into the brain even when it's present in very small concentrations."

The molecule has been used for other diseases in adults, including solid tumors, which makes the researchers hopeful that it will also work in children.

The team is working to better understand how excess copper causes cell death and whether elesclomol can be combined with immunotherapies.

"Tumors are heterogenous, and it's possible that elesclomol is better suited for patients who have brain tumors with higher levels of c-MYC and DLAT," Venneti said.

"We hope to start clinical trials soon and see if our findings can help us fight this type of cancer."
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Gut bacteria and acetate, a great combination for weight loss | ScienceDaily
Researchers led by Hiroshi Ohno at the RIKEN Center for Integrative Medical Sciences (IMS) in Japan have discovered a new way to reduce obesity. Their study shows that supplying the gut with extra acetate reduces fat and liver mass in both normal and obese mice, as long as bacteria of the Bacteroides species is also present in the gut. When both these conditions are met, gut bacteria can eliminate more sugars from the gut and promote the burning of fats for energy in the host. The findings were published in the scientific journal Cell Metabolism.


						
Affecting hundreds of millions of people around the world, obesity constitutes a global epidemic. It is linked to eating too much sugar and starchy foods and is known to increase the risk of heart disease, type-2 diabetes, and cancer. At the same time, studies show that eating fiber reduces the risk of the these very same diseases -- even though it cannot be digested directly by mammals. When fiber reaches your gut -- the large intestine to be precise -- it is fermented by bacteria and the byproducts are released into the gut lumen, with some of them making it into the bloodstream.

The most common of these byproducts is acetate, which is known to have some beneficial effects on host metabolism. Although this makes dietary fiber a good "prebiotic," individual variation in the production of acetate and other useful byproducts limits its efficacy. To get around this problem, Ohno and his team previously developed a kind of acetate supplement by combining it with cellulose. AceCel ensures acetate reaches the distal large intestine where it can work its magic.

In the new study, the team investigated how AceCel affects mouse metabolism and the composition of gut bacteria. They found that when given AceCel, both normal and obese mice lost weight without losing muscle mass. This was not true for other short-chain fatty-acid byproducts, meaning that acetate itself is the key. Further tests were designed to figure out how this was happening.

They next discovered that compared with mice on a normal diet, when AceCel-fed mice were resting, they generated more energy from burning liver fat and less from burning carbohydrates. This is similar to what happens when fasting or on a low carb, keto diet, and promotes weight loss. Hypothesizing that the effects on the gut microbiome would also be similar, they analyzed the gut microbiota, finding that eating AceCel led mice to have more Bacteroides bacteria in their guts.

They then tested AceCel in mice that had controlled gut microbiota: either no bacteria at all, or one of several Bacteroides species. They found that AceCel had no effect on body, liver, or fat mass in the gut-bacteria free mice, while three Bacteroides species had similar positive effects on each. This means that the specific combination of acetate and Bacteroides bacteria in the intestines is necessary for the observed weight loss to occur.

Digging deeper, they found that this combination leads to more fermentation of carbohydrates in the gut, meaning that there is less sugar available for the host to process. By eliminating the sugars, fat-derived energy is promoted and less sugar is stored as glycogen in the liver, thus explaining how obesity is reduced.

"Developing a treatment or prevention strategy for obesity is an urgent issue that must be solved quickly," says Ohno. "We found that acetylated cellulose can prevent obesity by modulating the function of the gut microbiome."

"Our next step is to confirm the safety and efficacy of using acetylated cellulose to treat obesity in humans. If so, it could become an important ingredient in functional foods that prevent obesity."
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Could nanoplastics in the environment turn E. coli into a bigger villain? | ScienceDaily
Nanoplastics are everywhere. These fragments are so tiny they can accumulate on bacteria and be taken up by plant roots; they're in our food, our water, and our bodies. Scientists don't know the full extent of their impacts on our health, but new research from University of Illinois Urbana-Champaign food scientists suggests certain nanoplastics may make foodborne pathogens more virulent.


						
"Other studies have evaluated the interaction of nanoplastics and bacteria, but so far, ours is the first to look at the impacts of microplastics and nanoplastics on human pathogenic bacteria. We focused on one of the key pathogens implicated in outbreaks of foodborne illness -- E. coli O157:H7," said senior study author Pratik Banerjee, associate professor in the Department of Food Science and Human Nutrition and an Illinois Extension Specialist; both units are part of the College of Agricultural, Consumer and Environmental Sciences at Illinois.

Banerjee's team found that nanoplastics with positively charged surfaces were more likely to cause physiological stress in E. coli O157:H7. Just as a stressed dog is more likely to bite, the stressed bacteria became more virulent, pumping out more Shiga-like toxin, the chemical that causes illness in humans.

The researchers expected positively charged nanoplastics to impact E. coli because the bacteria's surface carries a negative charge. To test their opposites-attract hypothesis, they created nanoplastics from polystyrene -- the material in those ubiquitous white clamshell-style takeout boxes -- and applied positive, neutral, or negative charges before introducing the particles to E. coli either free-floating in solution or in biofilms.

"We started with the surface charge. Plastics have an enormous ability to adsorb chemicals. Each chemical has a different effect on surface charge, based on how much chemical is adsorbed and on what kind of plastic," Banerjee said. "We didn't look at the effects of the chemicals themselves in this paper -- that's our next study -- but this is the first step in understanding how the surface charge of plastics impacts pathogenic E. coli response."

The bacteria exposed to positively charged nanoplastics showed stress in multiple ways, not just by producing more Shiga-like toxin. They also took longer to multiply when free-floating and congregated into biofilms more slowly. However, growth eventually rebounded.

Biofilms give bacterial cells a measure of protection thanks to an extracellular coating they develop. To test whether this coating protected against nanoplastic-induced stress, the team dunked comparatively large microplastic particles into the bacterial soup and gave E. coli a week or two to colonize. Then, they introduced the same charged nanoplastics.




The positively charged particles still caused stress -- and enhanced Shiga-like toxin production -- in biofilm-bound E. coli.

"Biofilms are a very robust bacterial structure and are hard to eradicate. They're a big problem in the medical industry, forming on inserts like catheters or implants, and in the food industry," Banerjee said. "One of our goals was to see what happens when this human pathogen, which is commonly transmitted via food, encounters these nanoplastics from the vantage point of a biofilm."

Interactions with plastic particles may be doing more than increasing E. coli'stoxicity; other studies have shown biofilms on microplastics may serve as hotspots for the transfer of antibiotic resistance genes, making the bacteria harder to manage. Banerjee's group has studies underway to look at resistance gene transfer and changes in virulence and transmission patterns of major foodborne pathogens in food products and other environments such as soil.

Banerjee is also affiliated with the Carl R. Woese Institute for Genomic Biology and the Center for South Asian and Middle Eastern Studies at U. of I.
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Maintaining balance in the immune system | ScienceDaily
Researchers from the Turner lab have published the first description of the role of the ZFP36 family of RNA binding proteins in regulatory T cells (Tregs). Tregs are key to maintaining balance in the immune system and essential to preventing autoimmune disease.


						
Immunologists from the Institute have been the first to uncover a role for a family of RNA binding proteins in the function of regulatory T cells in the immune system. As their name suggests, regulatory T cells (Tregs) play a key role in modulating the immune system response, regulating the strength of the response by limiting the function of immune effector cells, such as 'killer' T cells. The research sheds important light on how the immune system maintains balance and forms the foundation for a greater understanding of age-related inflammation.

The Turner lab at the Institute is leading research into the role of RNA binding proteins in the function of the immune system to help us understand healthy ageing.

The group's previous work has uncovered key knowledge about the role of the Zinc Finger Protein 36 (ZFP36) family of RNA binding proteins in the differentiation and activity of other T cell subsets but this is the first time their role in Tregs has been explored. Turner lab members Dr Beatriz-Saenz-Narciso (postdoctoral researcher) and Dr Sarah Bell (senior research associate) led the latest research.

Sarah explained the importance and potential of understanding more about the regulation of the immune response by Tregs: "Regulatory T cells play a critical role in maintaining balance in the immune system. We know that low level chronic inflammation increases with age and the age-related decline in immune system function may contribute to this. In order to gain insights into how inflammation is regulated during ageing, and to inform the development of therapeutics to address chronic inflammation when this process goes wrong, it is important to determine how stability within the immune system is maintained."

RNA binding proteins (RBP) have important roles in developmental biology, stress responses and inflammation and act by directly binding to messenger RNA. These proteins play an important role in the regulation of mRNA by modulating stability, degradation, localisation and translation, thus affecting gene expression. RNA binding proteins in the ZFP36 family regulate large numbers of genes in this way post-transcriptionally, with the best characterised being mRNAs which encode cytokines (molecular messengers) where ZFP36 proteins provide a crucial role in coordinating and limiting inflammation.

Using mice where two Zfp36 genes (Zfp36l1 and Zfp36l2) were deleted specifically in Treg cells, the research team found that these RBP play an essential role in Tregs to maintain immune homeostasis.




Mice with Treg cells lacking these RNA binding proteins showed an inflammatory phenotype, expanded populations of other immune cell types, elevated levels of molecular messengers (cytokines) that regulate the activity of other immune cells and increased levels of circulating antibodies.

Following their initial experimental findings, the team undertook a comprehensive analysis using sequencing technology to understand the landscape of gene expression effects resulting from the loss of ZFP36L1 and ZFP36L2. The team found that these RBP regulate a large number of genes that control pathways required for Treg cells to maintain immune homeostasis. These analyses guided the team to focus on the response to the molecular messengers interleukin 2 (IL-2) and interleukin 7 (IL-7) and to explore this further. They found that ZFP36L1 and ZFP36L2 have a role in enabling Tregs to response to IL-2 and IL-7, molecules involved in regulating immune cell responses.

Their analyses also uncovered that many aspects resulting from loss of ZFP36L1 and ZFP36L2 in Treg cells were connected to effects on another key molecular messenger, interferon-gamma (IFNg). The production of IFNg by immune cells can promote inflammation and findings from this work indicate that ZFP36L1 and ZFP36L2 function in Treg cells to regulate the production of this important cytokine.

"Tregs play an important role in fundamental aspects of controlling the immune response. We found that the loss of these RNA binding proteins caused a profound effect on the ability of Tregs to maintain immune homeostasis by connecting multiple pathways involved in modulating immune cell function." explained Sarah.

Going forwards, the team will explore the ability of mice lacking the ZPF36 proteins to respond to infection and continue to widen their study of these RNA binding proteins in other T cell populations.

Dr Martin Turner, Head of the Institute's Immunology research programme, commented: "We have uncovered an important role for RNA binding proteins in supporting the vital function of Tregs in maintaining immune homeostasis. This discovery is important in learning more about the chronic inflammation associated with age-related health problems."

This research was supported by the Institute's animal facility (Biological Support Unit), Flow Cytometry, Genomics and Bioinformatics facilities and teams. The research was funded by strategic funding from BBSRC as an Institute Strategic Programme Grant and funding from the Wellcome Trust through an Investigator Award to Martin Turner.
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New research highlights health benefits of using heritage art practices in art therapy | ScienceDaily
Heritage art practices include indigenous and traditional arts practices -- such as fiber arts, clay work, distinct painting styles etc. -- handed down in families or communities across generations. The fact that they have been sustained for generations, and helped to serve the expressive and psychosocial needs of communities, suggest that they could be ideal approaches to support mental health and emotional well-being. To better understand their potential therapeutic benefits, researchers from Drexel University's College of Nursing and Health Professions examined the impact of these practices on mental and physical health.


						
Led by Girija Kaimal, EdD, professor in the College of Nursing and Health Professions, the study showed that heritage artforms can improve mood and reduce anxiety. Results were recently published in The Arts in Psychotherapy.

"When we engage in preferred heritage artforms, they can help us manage our moods including reducing negativity, improving positive feelings and reducing feelings of anxiety," said Kaimal. "Most heritage artforms are typically simple in basic techniques, making them easy to learn, but then allow for refinement, artistic exploration and complexity. We don't need advanced skills or supplies. Simple creative practices can serve as preventive mental health resources."

Kaimal explained that in previous studies they have highlighted how to distinguish between indigenous and traditional arts practices. Indigenous art practices relate to a specific community in geographical region. They include sacred belief systems, spirituality and community history that tend to be more specific in their applications. In undertaking these practices, individuals need to be respectful of the community's guidance around using imagery, including being mindful about harmful appropriation. Traditional creative practices are those that are handed down across generations and are more open to adaptation and interpretation.

In this current study, the research team collected data from sites in the United States, Japan and India. Fifty-four participants completed two sessions: one where they engaged in a preferred heritage art practice for 45 minutes and one where they put together jigsaw puzzles for 45 minutes.

In the U.S., participants could practice activities like creating temporary body art with natural henna; or cross-stitch, the embroidering of patterns. In Japan, participants engaged in creating works using approaches like mizuhiki, tying decorative knots with thin paper strings, or calligraphy. In India, participants engaged in pookalam, creating artworks using natural media, like plants, flowers and clay, as well as using a range of heritage arts practices, such as madhubani, a style of painting.

All participants completed standardized questionnaires before and after both sessions to measure anxiety, mood and affect, perceived stress, self-efficacy and creative agency. Participants reported more positive feelings and less negative feelings after the heritage art task compared to the puzzle task, showing that practicing heritage artforms can have significant mental health benefits.

"The findings highlight the value of tapping into tools we have right in our homes," said Kaimal. "There is a reason these practices have survived over time. The acts of using our hands and eyes to create something is rewarding and calming on multiple levels both physiological and emotional."

Kaimal and the research team are planning to build on this study by examining a wide range of heritage practices at sites around the world. Further analysis of qualitative data from all of the sites is also underway. Additionally, the researchers are developing an open-access book as a resource for psychosocial support specialists and art therapists.

"We see tremendous potential for indigenous arts practices to be a public health approach for mental health and well-being," said Kaimal. "Heritage arts practices are often ignored or treated as artifacts alone. They can, however, be integrated into our lives as we were meant to use them in our evolutionary history: as a creative resource for self-regulation and well-being."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250519131139.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Sophisticated data analysis uncovers how city living disrupts ADHD's path to obesity | ScienceDaily
A hidden link between impulsivity and obesity may not be fixed in human biology but shaped by the cities we live in.


						
Using a novel engineering-based approach, researchers from NYU Tandon School of Engineering and Italy's Istituto Superiore di Sanita found that attention-deficit/hyperactivity disorder (ADHD) contributes to obesity not only directly through known biological pathways but also indirectly, by reducing physical activity. The findings are published in PLOS Complex Systems.

Obesity prevalence is also influenced by other city-level variables, such as access to mental health services and food insecurity, thereby opening the door to potential mitigation strategies.

To uncover the nexus between ADHD and obesity, the research team applied urban scaling laws -- a mathematical framework from complexity science -- to public health data from 915 U.S. cities. Urban scaling describes how features of cities change with population size, similar to how biological traits scale with body size.

They found that both ADHD and obesity decrease sublinearly with population: as cities grow, per-capita prevalence declines. Meanwhile, access to mental health providers and college education rises superlinearly, increasing faster than city size. Larger cities, it seems, offer not just more services, but disproportionately more support for conditions linked to impulsivity.

But size alone doesn't tell the full story. To reveal where cities over- or underperform relative to expectations, the researchers used Scale-Adjusted Metropolitan Indicators (SAMIs). SAMIs measure how much a city deviates from what urban scaling would predict -- highlighting, for example, when a small city has unusually low obesity rates or when a large one falls short on mental health access. These deviations became the foundation for a causal analysis.

"Urban scaling and causal discovery methods allow us to see relationships that traditional health research might miss," explains Maurizio Porfiri, senior author on the PLOS paper. Porfiri is an NYU Tandon Institute Professor with appointments in the Departments of Mechanical and Aerospace Engineering, Biomedical Engineering, Civil and Urban Engineering, and Technology Management and Innovation. He also serves as Director of the NYU Center for Urban Science + Progress (CUSP).




"Without accounting for how city size naturally affects health metrics, we'd misattribute success or failure to the wrong factors. By filtering out these population effects first, we can identify the true causal pathways linking ADHD to obesity -- and more importantly, how urban environments modify these relationships," adds Tian Gan, Ph.D. student in Mechanical Engineering at NYU Tandon. Simone Macri, senior scientist at the Istituto Superiore di Sanita in Rome, further comments that "This approach reveals precise intervention points that wouldn't be apparent otherwise"

Using SAMIs, the team mapped a network of interrelated variables: ADHD prevalence led to higher physical inactivity, which in turn increased obesity. Access to mental health care helped reduce inactivity, indirectly lowering obesity risk. Higher prevalence of college education correlated with better mental health access and more physical activity.

This causal map revealed a dynamic system in which impulsivity, health behaviors, and urban infrastructure interact -- and cities themselves either reinforce or weaken these effects.

These patterns weren't uniform. When the researchers mapped SAMIs by region, cities in the Southeastern and Southwestern U.S. consistently showed greater disparities. Neighboring cities often displayed striking differences in ADHD and obesity prevalence, mental health access, and food insecurity -- suggesting that local policy, culture, and resources may either amplify or buffer these behavioral health risks.

"Regional averages can mask a lot of variation," Porfiri said. "The SAMIs let us see which cities are punching above or below their weight. It's not just about how big a city is -- it's about how it uses its resources. With this kind of insight, policymakers can target investments in mental health care, education, and physical activity to break the link between ADHD and obesity where it's strongest."

To validate the findings at a more granular level, the team analyzed data from over 19,000 children across the U.S. from the National Survey of Children's Health. The same causal patterns held: children with more severe ADHD were more likely to be obese, especially when physical activity and household education were low.

The study follows earlier work by Porfiri and collaborators using urban scaling to explore firearm ownership and gun violence across U.S. cities. That research revealed that New York City, despite its large size, significantly outperforms expectations on public safety -- underscoring how city-level deviations can challenge assumptions about scale and risk.

In addition to Porfiri, Gan, and Macri, Rayan Succar, a doctoral candidate in Mechanical Engineering working under Porfiri's advisement, is also an author on the paper.

The research was supported by funding from the U.S. National Science Foundation and the European Union's Horizon 2020 programme.
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        Personal space chemistry suppressed by perfume and body lotion indoors
        In 2022 a team discovered that high levels of OH radicals can be generated indoors, simply due to the presence of people and ozone. This means: People generate their own oxidation field and change the indoor air chemistry around them within their own personal space. Now, in a follow-up study again in cooperation with an international research team, they found that commonly applied personal care products substantially suppress a human's production of OH radicals. These findings have implications f...

      

      
        Scientists discover class of crystals with properties that may prove revolutionary
        Researchers have discovered a new class of materials -- called intercrystals -- with unique electronic properties that could power future technologies. Intercrystals exhibit newly discovered forms of electronic properties that could pave the way for advancements in more efficient electronic components, quantum computing and environmentally friendly materials, the scientists said.

      

      
        Imaging technique removes the effect of water in underwater scenes
        SeaSplat is an image-analysis tool that cuts through the ocean's optical effects to generate images of underwater environments reveal an ocean scene's true colors. Researchers paired the color-correcting tool with a computational model that converts images of a scene into a three-dimensional underwater 'world' that can be explored virtually.

      

      
        A one-pixel camera for recording holographic movies
        A new camera setup can record three-dimensional movies with a single pixel. Moreover, the technique can obtain images outside the visible spectrum and even through tissues. The development thus opens the door to holographic video microscopy.

      

      
        How to use AI to listen to the 'heartbeat' of a city
        Researchers took a fresh approach to urban research by using artificial intelligence to explore the emotional side of city life. Their goal was to better understand the link between a city's physical features and how people feel in those environments.

      

      
        Physics advance details new way to control solid objects in liquid
        Researchers have detailed the physics behind a phenomenon that allows them to create spin in liquid droplets using ultrasound waves, which concentrates solid particles suspended in the liquid. The discovery will allow researchers to engineer technologies that make use of the technique to develop applications in fields such as biomedical testing and drug development.

      

      
        Unveiling the secrets of planet formation in environments of high UV radiation
        The fundamental building blocks for planet formation can exist even in environments with extreme ultraviolet radiation, according to a new study.

      

      
        'Cosmic joust': Astronomers observe pair of galaxies in deep-space battle
        Astronomers have witnessed for the first time a violent cosmic collision in which one galaxy pierces another with intense radiation. Their results show that this radiation dampens the wounded galaxy's ability to form new stars.

      

      
        A new technology for extending the shelf life of produce
        Researchers developed a way to extend the shelf life of vegetables by injecting them with melatonin using biodegradable microneedles.

      

      
        Extreme weather cycles change underwater light at Lake Tahoe
        Large shifts in UV radiation at Lake Tahoe are associated with wet and dry climate extremes, finds a new study.

      

      
        Remotely moving objects underwater using sound
        A metamaterial is a composite material that exhibits unique properties due to its structure, and now researchers have used one featuring a small sawtooth pattern on its surface to move and position objects underwater without touching them directly. Adjacent speakers exert different forces on the material based on how the sound waves reflect off it, and by carefully targeting the floating or submerged metamaterial with precise sound waves, researchers can push and rotate the object attached to it.

      

      
        Gas location drives star formation in distant galaxies
        In the intriguing realm of star-forming galaxies, the key factor isn't the total amount of gas but rather its strategic distribution within the galaxy.

      

      
        Missing link in early Martian water cycle discovered
        Astronomers have filled a large gap in knowledge about Mars' water cycle. Their research on water percolating from surface to aquifer could change the picture of what early Mars was like, suggesting that less of the planet's water may have been available to become rain and refill lakes and oceans.

      

      
        Commercially available peroxide binds incompatible polymers for recycling
        Researchers have developed an inexpensive and potentially scalable approach that uses a commercially available peroxide to bind polyethylene and polypropylene together, thereby creating a more useful, high-quality plastic recycling additive.

      

      
        How membranes may have brought about the chemistry of life on Earth
        A team of researchers studied the properties of membranes to understand how these cellular structures influenced the chemistry of life on Earth as it began.

      

      
        Does renewable energy reduce fossil fuel production in the US?
        Increasing renewable energy may not reduce the use of fossil fuels in the United States, according to a new study .

      

      
        Scientific breakthrough brings CO2 'breathing' batteries closer to reality
        Scientists have made a breakthrough in eco-friendly batteries that not only store more energy but could also help tackle greenhouse gas emissions. Lithium-CO2 'breathing' batteries release power while capturing carbon dioxide, offering a greener alternative that may one day outperform today's lithium-ion batteries.

      

      
        Forgotten property of the electron
        The orbital angular momentum of electrons has long been considered a minor physical phenomenon, suppressed in most crystals and largely overlooked. Scientists have now discovered that in certain materials it is not only preserved but can even be actively controlled. This is due to a property of the crystal structure called chirality, which also influences many other processes in nature. The discovery has the potential to lead to a new class of electronic components capable of transmitting informa...

      

      
        Cool science: Researchers craft tiny biological tools using frozen ethanol
        Imagine drawing on something as delicate as a living cell -- without damaging it. Researchers have made this groundbreaking discovery using an unexpected combination of tools: frozen ethanol, electron beams and purple-tinted microbes. By advancing a method called ice lithography, the team was able to etch incredibly small, detailed patterns directly onto fragile biological surfaces.

      

      
        Agrivoltaics enjoys comparatively high acceptance
        Photovoltaic systems are increasingly being installed not only on roofs but also on open land. This does not always meet with citizens' approval. What is known as agrivoltaics (Agri-PV), however, is viewed more favorably, as researchers have now been able to show. In this case, the solar cells are installed in spaces used for agriculture -- such as on pastures or as a canopy over grapevines. According to a survey of almost 2,000 people, this form enjoys much higher acceptance than normal solar pa...

      

      
        World's first petahertz-speed phototransistor in ambient conditions
        Researchers demonstrated a way to to manipulate electrons using pulses of light that last less than a trillionth of a second to record electrons bypassing a physical barrier almost instantaneously -- a feat that redefines the potential limits of computer processing power.

      

      
        Investment risk for energy infrastructure construction is highest for nuclear power plants, lowest for solar
        The average energy project costs 40% more than expected for construction and takes almost two years longer than planned, finds a new global study. One key insight: The investment risk is highest for nuclear power plant construction and lowest for solar. The researchers analyzed data from 662 energy projects built between 1936 and 2024 in 83 countries, totaling $1.358 trillion in investment.

      

      
        Robots learning without us? New study cuts humans from early testing
        Humans no longer have exclusive control over training social robots to interact effectively, thanks to a new study. The study introduces a new simulation method that lets researchers test their social robots without needing human participants, making research faster and scalable.

      

      
        Empowering robots with human-like perception to navigate unwieldy terrain
        Researchers have developed a novel framework named WildFusion that fuses vision, vibration and touch to enable robots to 'sense' and navigate complex outdoor environments much like humans do.

      

      
        Not one, but two massive black holes are eating away at this galaxy
        Astronomers searching for massive black holes shredding stars found one in an unusual place -- 2,600 light years from the core of a galaxy. The roque black hole may be from an earlier merger with another galaxy, or have been tossed out of the core after interacting with two other black holes. This is the first ever optically discovered off-nuclear tidal disruption event. Eventually, the two could merge and produce ripples of gravitational waves.

      

      
        Remotely controlled robots at your fingertips: Enhancing safety in industrial sites
        A research team has developed a novel haptic device designed to enhance both safety and efficiency for workers in industrial settings.

      

      
        The invisible order sets the fluctuation in the terahertz region of glass
        Although glasses exhibit disordered atomic structures, X-ray and neutron scattering reveal a subtle periodicity. Researchers have demonstrated that this hidden periodicity -- referred to as 'invisible order' -- plays a critical role in determining vibrational fluctuations in the terahertz (THz) frequency range, which significantly influence the physical properties of glass.

      

      
        Chemists develop compact catenane with tuneable mechanical chirality
        A team of chemists has made significant strides in the field of mechanically interlocked molecules (MIMs). Their work showcases the development of a compact catenane with tuneable mechanical chirality, offering promising applications in areas such as material science, nanotechnology, and pharmaceuticals.

      

      
        Astronomers observe largest ever sample of galaxies up to over 12 billion light years away
        The largest sample of galaxy groups ever detected has been presented by a team of international astronomers using data from the James Webb Space telescope (JWST) in an area of the sky called COSMOS Web. The study marks a major milestone in extragalactic astronomy, providing unprecedented insights into the formation and evolution of galaxies and the large-scale structure of the universe.

      

      
        Streaked slopes on Mars probably not signs of water flow, study finds
        Researchers analyzed a global database of 500,000 strange streaks that occur on steep Martian slopes, concluding that they're most likely caused by dry processes rather than liquid flow.

      

      
        Researchers take AI to 'kindergarten' in order to learn more complex tasks
        We need to learn our letters before we can learn to read and our numbers before we can learn how to add and subtract. The same principles are true with AI, a team of scientists has shown through laboratory experiments and computational modeling. In their work, researchers found that when recurrent neural networks (RNNs) are first trained on simple cognitive tasks, they are better equipped to handle more difficult and complex ones later on.

      

      
        More donor hearts by extending the preservation time
        A new discovery could mean more donor hearts are available for heart transplant, giving more people a second chance at life.

      

      
        Nimble dimples: Agile underwater vehicles inspired by golf balls
        Underwater or aerial vehicles with dimples like golf balls could be more efficient and maneuverable, a new prototype has demonstrated.

      

      
        A first blueprint of chemical transport pathways in human cells
        An unprecedented international effort to decode how cells manage the transport of chemical substances has culminated in four groundbreaking studies This decade-long project provides the first comprehensive functional blueprint of chemical transport pathways in human cells.

      

      
        How to swim without a brain
        A team was able to show that swimming movements are possible even without a central control unit. This not only explains the behavior of microorganisms, it could also enable nanobots to move in a targeted manner, for example to transport drugs to the right place in the body.

      

      
        AI chip developed for decentralized use without the cloud
        A new AI chip works without the cloud server or internet connections needed by existing chips. The AI Pro, designed by Prof Hussam Amrouch, is modelled on the human brain. Its innovative neuromorphic architecture enables it to perform calculations on the spot, ensuring full cyber security. It is also up to ten times more energy efficient.

      

      
        With evolutionary AI, scientists find hidden keys for better land use
        A new AI decision making tool effectively balances various complex trade-offs to recommend ways of maximizing carbon storage, minimizing economic disruptions and helping improve the environment and people's everyday lives. It uses evolutionary AI, a kind of digital version of biological natural selection, to optimize policies in the face of competing priorities.

      

      
        Invisible currents at the edge: Research team shows how magnetic particles reveal a hidden rule of nature
        If you've ever watched a flock of birds move in perfect unison or seen ripples travel across a pond, you've witnessed nature's remarkable ability to coordinate motion. Recently, a team of scientists and engineers has discovered a similar phenomenon on a microscopic scale, where tiny magnetic particles driven by rotating fields spontaneously move along the edges of clusters driven by invisible 'edge currents' that follow the rules of an unexpected branch of physics.

      

      
        Tiny microlaser sensors offer supercharged biosensing
        Researchers have developed a 3D micro-printed sensor for highly sensitive on-chip biosensing, opening new opportunities for developing high-performance, cost-effective lab-on-a-chip devices for early disease diagnosis.

      

      
        Researchers find CRISPR is capable of even more than we thought
        Newly discovered weapons of bacterial self-defense take different approaches to achieving the same goal: preventing a virus from spreading through the bacterial population.

      

      
        Individual layers of synthetic materials can collaborate for greater impact
        Millions of years of evolution have enabled some marine animals to grow complex protective shells composed of multiple layers that work together to dissipate physical stress. In a new study, engineers have found a way to mimic the behavior of this type of layered material, such as seashell nacre, by programming individual layers of synthetic material to work collaboratively under stress. The new material design is poised to enhance energy-absorbing systems such as wearable bandages and car bumper...

      

      
        UCF's 'bridge doctor' combines imaging, neural network to efficiently evaluate concrete bridges' safety
        New research details how infrared thermography, high-definition imaging and neural network analysis can combine to make concrete bridge inspections more efficient. Researchers are hopeful that their findings can be leveraged by engineers through a combination of these methods to strategically pinpoint bridge conditions and better allocate repair costs.

      

      
        AI-powered app enables anemia screening using fingernail selfies
        A groundbreaking new study introduces an AI-powered smartphone app that noninvasively screens for anemia using a photo of a user's fingernail. The study shows the app provides hemoglobin estimates comparable to traditional lab tests, with over 1.4 million tests conducted by 200,000+ users. An estimated 83 million Americans and more than 2 billion people globally are at high risk for anemia -- populations that stand to benefit significantly from this accessible screening tool. The app offers a low...

      

      
        Designing the future of clean energy: Janus heterobilayers lead the way
        Janus heterobilayers -- dual-sided materials with unique properties -- may be the key to efficiently creating clean hydrogen fuels.

      

      
        Hazardous reactions made safer through flow technology
        Researchers have designed a high-performance, open-access continuous flow process to safely produce key antibacterial drugs from bio-based furfural.

      

      
        New model for more accurate landslide prediction
        Engineers have developed a groundbreaking computational model to study the movement of granular materials such as soils, sands and powders. By integrating the dynamic interactions among particles, air and water phases, this state-of-the-art system can accurately predict landslides, improve irrigation and oil extraction systems, and enhance food and drug production processes.

      

      
        New auditory brainstem implant shows early promise
        Investigators are developing a new type of auditory brainstem implant that is designed to be soft, and flexible and address limitations of models currently in use. These implants may one day benefit people who can't receive a cochlear implant, such as those with Neurofibromatosis type 2 (NF2) and other severe inner ear abnormalities. In a new preclinical study, researchers report on benefits in large animal models, and based on the results, hope for future trials in humans.

      

      
        Log in to your computer with a secret message encoded in a molecule
        Molecules like DNA are capable of storing large amounts of data without requiring an energy source, but accessing this molecular data is expensive and time consuming. Researchers have now developed an alternative method to encode information in synthetic molecules, which they used to encode and then decode an 11-character password to unlock a computer.

      

      
        New gene editor enables greater precision
        A new gene editor may soon open the door to gene therapies for a wider array of diseases.

      

      
        New insights into quantum physics
        A new study explores how EOS transmits ultrashort laser pulses through crystals that change in response to an applied electric field. This technique allows researchers to accurately capture the shape and timing of electric fields across a broad range of frequencies.
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Personal space chemistry suppressed by perfume and body lotion indoors | ScienceDaily
In 2022 a team led by the Max Planck Institute for Chemistry discovered that high levels of OH radicals can be generated indoors, simply due to the presence of people and ozone. This means: People generate their own oxidation field and change the indoor air chemistry around them within their own personal space. Now, in a follow-up study again in cooperation with an international research team, they found that commonly applied personal care products substantially suppress a human's production of OH radicals. These findings have implications for the indoor chemistry, the air quality of occupied spaces, and human health, since many of the chemicals in our immediate vicinity are transformed by this field.


						    	People indoors generate an oxidation field consisting of hydroxyl radicals (OH). The oxidation field is generated by the reaction of ozone with oils and fats on our skin
    	Researchers now have found that the application of personal care products, such as fragrances and body lotions, suppresses the human oxidation field.
    	Body lotion hinders the generation of a key OH precursor by acting as a physical barrier between air ozone and skin squalene.
    	A large amount of ethanol solvent in fragrances acts as a OH sink which leads to a reduction of the human generated OH field.
    	Used methods: a multiphase chemical kinetic model and a computational fluid dynamics model to demonstrate how the concentrations of the reactive components develop in the indoor environment.

The indoor environment contains multiple sources of chemical compounds. These include continuous emissions from housing materials such as furniture, floors and furnishings, but also periodic intense emissions from human activities such as cooking, smoking, and cleaning. Outdoor air chemicals can also enter indoor environments through infiltration and ventilation. Ozone (O3) from outdoors can react with compounds indoors to create a complex chemical cocktail within the indoor living space. Since people spend up to 90 percent of their time indoors, exposure to this diverse array of chemical compounds over extended periods is cause for concern, particularly as the human-health impacts of many such chemicals remain poorly understood.

On the basis of their findings in 2022, Jonathan Williams' research group from the Max Planck Institute for Chemistry had a closer look on how the human oxidation field might be influenced by personal care products. "Given that the human oxidation field influences the chemical composition of air in the breathing zone and close to the skin, it affects our intake of chemicals, which in turn impacts human health. It is therefore of interest to examine how personal care products can influence the strength and spatial extent of the self-generated OH-field," explains Jonathan Williams.

The experimental measurements made by the Max Planck team were supported by Manabu Shiraiwa and his team at the University of California (Irvine, USA) and Donghyun Rim's group from the Pennsylvania State University.

"Our team took a unique approach to simulate concentrations of chemical compounds near humans in the indoor environment," said Shiraiwa. "We developed a state-of-the-art chemical model that can simulate reactions of ozone with human skin and clothing that can lead to the formation of semi-volatile organic compounds."

"We applied a three-dimensional computational fluid dynamics model to simulate the evolution of the oxidation field around human occupants," said Rim. "This integrated modeling approach highlights the impact of personal care products on the human oxidation field."

Personal care products affect the human oxidation field

First, the researchers examined how the application of body lotion impacts the chemistry in the periphery of the persons tested. Then they investigated, how perfume applied to the skin affects the chemical composition of the indoor air. For both cases Williams and his team saw that the OH concentration around the volunteers decreased. This means: It decreased compared to the standard case without cosmetics, where ozone reacts on human skin to form gas phase products that react again in the air with ozone to make OH.




Concerning the perfume, the researchers explain the OH decrease with the primary perfume component ethanol: it reacts with OH, using it up, as ethanol does not produce OH when reacting with ozone.

"Regarding body lotion, we can explain the decline in two ways. One is that phenoxyethanol -- a chemical in the body lotion -- reacts with OH but does not generate OH with ozone. This is the same as the perfume with ethanol. The second explanation is simply that the body lotion gets in the way of ozone reacting with squalene on the skin," states atmospheric chemist Jonathan Williams.

"The application of a fragrance and a lotion together showed that fragrances impact the OH reactivity and concentration over shorter time periods, whereas lotions show more persistent effects, consistent with the rate of emissions of organic compounds from these personal care products," sums up Nora Zannoni, first author of the study published in the research magazine Science Advances. She is currently employed at the Institute of Atmospheric Sciences and Climate in Bologna, Italy.

Implications for indoor chemistry

While thousands of different fragrances and lotions exist on the market, there are some general conclusions valid for any product that the international research team draws based on their tests:

Following the new findings of this study, an applied fragrance indoors would be expected to suppress the personal human oxidation field. In contrast with fragrances, lotions have more variable compositions. Despite their variable composition, they expect most lotions to suppress the human oxidation field due to a combination of dilution of skin oil constituents and reduced interaction between O3 and the skin. Additionally, marketed lotions contain preservatives acting as antimicrobial agents. Widely used is phenoxyethanol which further contributes to suppressing the human oxidation field by reacting with the OH radicals as experimentally demonstrated in this study.




"If we buy a sofa from major furniture company, it is tested for harmful emissions before being put on sale. However, when we sit on the sofa, we naturally transform some of these emissions because of the oxidation field we generate. This can create many additional compounds in our breathing zone whose properties are not well known or studied. Interestingly body lotion and perfume both seem to dampen down this effect," says Jonathan Williams.

These findings are part of the project ICHEAR (Indoor Chemical Human Emissions and Reactivity Project) which brought together a group of collaborating international scientists from Denmark (DTU), USA (Rutgers University), and Germany (MPI). The modelling was part of the MOCCIE project based in University of California Irvine and the Pennsylvania State University. Both projects were funded by grants from the A. P. Sloan foundation.

Additional information

Experimental setup in a climate chamber 

The experiments were conducted at the Technical University of Denmark (DTU) in Copenhagen in 2021. Four test subjects stayed in a special climate-controlled chamber under standardized conditions. Ozone was added to the chamber air inflow in a quantity that was not harmful for humans but representative of the higher range of indoor levels. The team determined the OH concentrations indirectly by quantifying the individual OH sources and the overall loss rate of OH. The OH field was only generated when ozone was present.

By combining air measurements from within the chamber with model simulations, they calculated the effect of the lotion and fragrance on the human oxidation field.
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Scientists discover class of crystals with properties that may prove revolutionary | ScienceDaily
Rutgers University-New Brunswick researchers have discovered a new class of materials -- called intercrystals -- with unique electronic properties that could power future technologies.


						
Intercrystals exhibit newly discovered forms of electronic properties that could pave the way for advancements in more efficient electronic components, quantum computing and environmentally friendly materials, the scientists said.

As described in a report in the science journal Nature Materials, the scientists stacked two ultrathin layers of graphene, each a one-atom-thick sheet of carbon atoms arranged in a hexagonal grid. They twisted them slightly atop a layer of hexagonal boron nitride, a hexagonal crystal made of boron and nitrogen. A subtle misalignment between the layers that formed moire patterns -- patterns similar to those seen when two fine mesh screens are overlaid -- significantly altered how electrons moved through the material, they found.

"Our discovery opens a new path for material design," said Eva Andrei, Board of Governors Professor in the Department of Physics and Astronomy in the Rutgers School of Arts and Sciences and lead author of the study. "Intercrystals give us a new handle to control electronic behavior using geometry alone, without having to change the material's chemical composition."

By understanding and controlling the unique properties of electrons in intercrystals, scientists can use them to develop technologies such as more efficient transistors and sensors that previously required a more complex mix of materials and processing, the researchers said.

"You can imagine designing an entire electronic circuit where every function -- switching, sensing, signal propagation -- is controlled by tuning geometry at the atomic level," said Jedediah Pixley, an associate professor of physics and a co-author of the study. "Intercrystals could be the building blocks of such future technologies.

"The discovery hinges on a rising technique in modern physics called "twistronics," where layers of materials are contorted at specific angles to create moire patterns. These configurations significantly alter the behavior of electrons within the substance, leading to properties that aren't found in regular crystals.




The foundational idea was first demonstrated by Andrei and her team in 2009, when they showed that moire patterns in twisted graphene dramatically reshape its electronic structure. That discovery helped seed the field of twistronics.

Electrons are tiny particles that move around in materials and are responsible for conducting electricity. In regular crystals, which possess a repeating pattern of atoms forming a perfectly arranged grid, the way electrons move is well understood and predictable. If a crystal is rotated or shifted by certain angles or distances, it looks the same because of an intrinsic characteristic known as symmetry.

The researchers found the electronic properties of intercrystals, however, can vary significantly with small changes in their structure. This variability can lead to new and unusual behaviors, such as superconductivity and magnetism, which aren't typically found in regular crystals. Superconducting materials offer the promise of continuously flowing electrical current because they conduct electricity with zero resistance.

Intercrystals could be a part of the new circuitry for low loss electronics and atomic sensors that could play a part in the making of quantum computers and power new forms of consumer technologies, the scientists said.

The materials also offer the prospect of functioning as the basis of more environmentally friendly electronic technologies.

"Because these structures can be made out of abundant, non-toxic elements such as carbon, boron and nitrogen, rather than rare earth elements, they also offer a more sustainable and scalable pathway for future technologies," Andrei said.




Intercrystals aren't only distinct from conventional crystals. They also are different from quasicrystals, a special type of crystal discovered in 1982 with an ordered structure but without the repeating pattern found in regular crystals.

Research team members named their discovery "intercrystals" because they are a mix between crystals and quasicrystals: they have non-repeating patterns like quasicrystals but share symmetries in common with regular crystals.

"The discovery of quasicrystals in the 1980s challenged the old rules about atomic order," Andrei said. "With intercrystals, we go a step further, showing that materials can be engineered to access new phases of matter by exploiting geometric frustration at the smallest scale."

Rutgers researchers are optimistic about the future applications of intercrystals, opening new possibilities for exploring and manipulating the properties of materials at the atomic level.

"This is just the beginning," Pixley said. "We are excited to see where this discovery will lead us and how it will impact technology and science in the years to come."

Other Rutgers researchers who contributed to the study included research associates Xinyuan Lai, Guohong Li and Angela Coe of the Department of Physics and Astronomy.

Scientists from the National Institute for Materials Science in Japan also contributed to the study.
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Imaging technique removes the effect of water in underwater scenes | ScienceDaily
The ocean is teeming with life. But unless you get up close, much of the marine world can easily remain unseen. That's because water itself can act as an effective cloak: Light that shines through the ocean can bend, scatter, and quickly fade as it travels through the dense medium of water and reflects off the persistent haze of ocean particles. This makes it extremely challenging to capture the true color of objects in the ocean without imaging them at close range.


						
Now a team from MIT and the Woods Hole Oceanographic Institution (WHOI) has developed an image-analysis tool that cuts through the ocean's optical effects and generates images of underwater environments that look as if the water had been drained away, revealing an ocean scene's true colors. The team paired the color-correcting tool with a computational model that converts images of a scene into a three-dimensional underwater "world," that can then be explored virtually.

The researchers have dubbed the new tool "SeaSplat," in reference to both its underwater application and a method known as 3D gaussian splatting (3DGS), which takes images of a scene and stitches them together to generate a complete, three-dimensional representation that can be viewed in detail, from any perspective.

"With SeaSplat, it can model explicitly what the water is doing, and as a result it can in some ways remove the water, and produces better 3D models of an underwater scene," says MIT graduate student Daniel Yang.

The researchers applied SeaSplat to images of the sea floor taken by divers and underwater vehicles, in various locations including the U.S. Virgin Islands. The method generated 3D "worlds" from the images that were truer and more vivid and varied in color, compared to previous methods.

The team says SeaSplat could help marine biologists monitor the health of certain ocean communities. For instance, as an underwater robot explores and takes pictures of a coral reef, SeaSplat would simultaneously process the images and render a true-color, 3D representation, that scientists could then virtually "fly" through, at their own pace and path, to inspect the underwater scene, for instance for signs of coral bleaching.

"Bleaching looks white from close up, but could appear blue and hazy from far away, and you might not be able to detect it," says Yogesh Girdhar, an associate scientist at WHOI. "Coral bleaching, and different coral species, could be easier to detect with SeaSplat imagery, to get the true colors in the ocean."

Girdhar and Yang will present a paper detailing SeaSplat at the IEEE International Conference on Robotics and Automation (ICRA). Their study co-author is John Leonard, professor of mechanical engineering at MIT.




Aquatic optics

In the ocean, the color and clarity of objects is distorted by the effects of light traveling through water. In recent years, researchers have developed color-correcting tools that aim to reproduce the true colors in the ocean. These efforts involved adapting tools that were developed originally for environments out of water, for instance to reveal the true color of features in foggy conditions. One recent work accurately reproduces true colors in the ocean, with an algorithm named "Sea-Thru," though this method requires a huge amount of computational power, which makes its use in producing 3D scene models challenging.

In parallel, others have made advances in 3D gaussian splatting, with tools that seamlessly stitch images of a scene together, and intelligently fill in any gaps to create a whole, 3D version of the scene. These 3D worlds enable "novel view synthesis," meaning that someone can view the generated 3D scene, not just from the perspective of the original images, but from any angle and distance.

But 3DGS has only successfully been applied to environments out of water. Efforts to adapt 3D reconstruction to underwater imagery have been hampered, mainly by two optical underwater effects: backscatter and attenuation. Backscatter occurs when light reflects off of tiny particles in the ocean, creating a veil-like haze. Attenuation is the phenomenon by which light of certain wavelengths attenuates, or fades with distance. In the ocean, for instance, red objects appear to fade more than blue objects when viewed from farther away.

Out of water, the color of objects appears more or less the same regardless of the angle or distance from which they are viewed. In water, however, color can quickly change and fade depending on one's perspective. When 3DGS methods attempt to stitch underwater images into a cohesive 3D whole, they are unable to resolve objects due to aquatic backscatter and attenuation effects that distort the color of objects at different angles.

"One dream of underwater robotic vision that we have is: Imagine if you could remove all the water in the ocean. What would you see?" Leonard says.




A model swim

In their new work, Yang and his colleagues developed a color-correcting algorithm that accounts for the optical effects of backscatter and attenuation. The algorithm determines the degree to which every pixel in an image must have been distorted by backscatter and attenuation effects, and then essentially takes away those aquatic effects, and computes what the pixel's true color must be.

Yang then worked the color-correcting algorithm into a 3D gaussian splatting model to create SeaSplat, which can quickly analyze underwater images of a scene and generate a true-color, 3D virtual version of the same scene that can be explored in detail from any angle and distance.

The team applied SeaSplat to multiple underwater scenes, including images taken in the Red Sea, in the Carribean off the coast of Curacao, and the Pacific Ocean, near Panama. These images, which the team took from a pre-existing dataset, represent a range of ocean locations and water conditions. They also tested SeaSplat on images taken by a remote-controlled underwater robot in the U.S. Virgin Islands.

From the images of each ocean scene, SeaSplat generated a true-color 3D world that the researchers were able to virtually explore, for instance zooming in and out of a scene and viewing certain features from different perspectives. Even when viewing from different angles and distances, they found objects in every scene retained their true color, rather than fading as they would if viewed through the actual ocean.

"Once it generates a 3D model, a scientist can just 'swim' through the model as though they are scuba-diving, and look at things in high detail, with real color," Yang says.

For now, the method requires hefty computing resources in the form of a desktop computer that would be too bulky to carry aboard an underwater robot. Still, SeaSplat could work for tethered operations, where a vehicle, tied to a ship, can explore and take images that can be sent up to a ship's computer.

"This is the first approach that can very quickly build high-quality 3D models with accurate colors, underwater, and it can create them and render them fast," Girdhar says. "That will help to quantify biodiversity, and assess the health of coral reef and other marine communities."

This work was supported, in part, by the Investment in Science Fund at WHOI, and by the U.S. National Science Foundation.
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A one-pixel camera for recording holographic movies | ScienceDaily
A new camera setup can record three-dimensional movies with a single pixel. Moreover, the technique can obtain images outside the visible spectrum and even through tissues. The Kobe University development thus opens the door to holographic video microscopy.


						
Holograms are not only used as fun-to-look-at safety stickers on credit cards, electronic products or banknotes; they have scientific applications in sensors and in microscopy as well. Traditionally, holograms require a laser for recording, but more recently, techniques that can record holograms with ambient light or light emanating from a sample have been developed. There are two main techniques that can achieve this: one is called "FINCH" and uses a 2D image sensor that is fast enough to record movies, but is limited to visible light and an unobstructed view, while the other is called "OSH," which uses a one-pixel sensor and can record through scattering media and with light outside the visual spectrum, but can only practically record images of motionless objects.

Kobe University applied optics researcher YONEDA Naru wanted to create a holographic recording technique that combines the best of both worlds. To tackle the speed-limiting weak point of OSH, he and his team constructed a setup that uses a high-speed "digital micromirror device" to project onto the object the patterns that are required for recording the hologram. "This device operates at 22 kHz, whereas previously used devices have a refresh rate of 60 Hz. This is a speed difference that's equivalent to the difference between an old person taking a relaxed stroll and a Japanese bullet train," Yoneda explains.

In the journal Optics Express, the Kobe University team now publish the results of their proof-of-concept experiments. They show that their setup can not only record 3D images of moving objects, but they could also construct a microscope that can record a holographic movie through a light-scattering object -- a mouse skull to be precise.

Admittedly, the frame rate of just over one frame per second was still fairly low. But Yoneda and his team showed in calculations that they could in theory get that frame rate up to 30 Hz, which is a standard screen frame rate. This would be achieved through a compression technique called "sparse sampling," which works by not recording every portion of the picture all the time.

So, where will we be able to see such a hologram? Yoneda says: "We expect this to be applied to minimally invasive, three-dimensional biological observation, because it can visualize objects moving behind a scattering medium. But there are still obstacles to overcome. We need to increase the number of sampling points, and also the image quality. For that, we are now trying to optimize the patterns we project onto the samples and to use deep-learning algorithms for transforming the raw data into an image."

This research was funded by the Kawanishi Memorial ShinMaywa Education Foundation, the Japan Society for the Promotion of Science (grants 20H05886, 23K13680), the Agencia Estatal de Investigacion (grant PID2022-142907OB-I00) and the European Regional Development Fund, and the Generalitat Valenciana (grant CIPROM/2023/44). It was conducted in collaboration with researchers from Universitat Jaume I.
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How to use AI to listen to the 'heartbeat' of a city | ScienceDaily
When Jayedi Aman looks at a city, he notices more than just its buildings and streets -- he considers how people move through and connect with those spaces. Aman, an assistant professor of architectural studies at the University of Missouri, suggests that the future design of cities may be guided as much by human experience as by physical materials.


						
In a recent study, Aman and Tim Matisziw, a professor of geography and engineering at Mizzou, took a fresh approach to urban research by using artificial intelligence to explore the emotional side of city life. Their goal was to better understand the link between a city's physical features and how people feel in those environments.

Using public Instagram posts with location tags, the researchers trained an AI tool to read the emotional tone of the images and text of the posts, identifying whether people were happy, frustrated or relaxed. Then, using Google Street View and a second AI tool, they analyzed what those places looked like in real life and linked those features to how people felt in the moment they posted to social media.

As a result, Aman and Matisziw created a digital "sentiment map" that shows what people are feeling across a city. Next, they plan to use this information to create a digital version of a city -- called an urban digital twin -- that can show how people are feeling in real time.

This kind of emotional mapping gives city leaders a powerful new tool. Instead of relying solely on surveys -- which take time and may not reach everyone -- this AI-powered method uses data people already share online.

"For example, if a new park gets lots of happy posts, we can start to understand why," Aman, who leads the newly established Spatial Intelligence Lab at Mizzou, said. "It might be the green space, the quiet nature or the sense of community. We can now connect those feelings to what people are seeing and experiencing in these places."

Beyond parks, this tool could help officials improve services, identify areas where people feel unsafe, plan for emergencies or check in on public well-being after disasters.

"AI doesn't replace human input," Matisziw said. "But it gives us another way to spot patterns and trends that we might otherwise miss, and that can lead to smarter decisions."

The researchers believe this information about how people feel could one day be shown next to traffic and weather updates on digital tools used by leaders to make decisions about city operations.

"We envision a future where data on how people feel becomes a core part of city dashboards," Aman said. "This opens the door to designing cities that not only work well but also feel right to the people who live in them."
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Physics advance details new way to control solid objects in liquid | ScienceDaily
Researchers have detailed the physics behind a phenomenon that allows them to create spin in liquid droplets using ultrasound waves, which concentrates solid particles suspended in the liquid. The discovery will allow researchers to engineer technologies that make use of the technique to develop applications in fields such as biomedical testing and drug development.


						
"By creating ultrasound waves on the surface of a piezoelectric substrate, we can induce spin in a liquid droplet that is resting on that substrate," explains Chuyi Chen, an assistant professor of mechanical and aerospace engineering at North Carolina State University and co-lead author of a paper on the work. "The oscillation of the ultrasound waves pushes the fluid inside the droplet to stream in a circle, but the surface tension of the droplet prevents the droplet from spreading out into a flat sheet. A combination of forces from the ultrasound waves, the spinning droplet, and the fluid moving within the droplet drives particles inside the droplet to move in a helical pattern, essentially corkscrewing through the droplet to come together at a central point.

"This is a novel way of concentrating solid particles in a liquid solution, which can be extremely useful," Chen says. "For example, concentrating the contents of a cell could make it easier for sensors to detect relevant materials for biomedical assays."

But in order to develop technologies that make use of this phenomenon, researchers need to understand exactly what is driving it.

"This paper is a significant advance, because it lays out in detail the physics responsible for controlling particles inside the droplet," Chen says. "Now that we understand the forces involved, we can make informed decisions and engineer technologies to concentrate particles in a liquid sample in a controlled way."

One key aspect of these findings is that you can influence the movement of particles within the droplet by manipulating any of several parameters: the surface tension of the liquid, the radius of the droplet, and the amplitude of the ultrasound waves.

"This gives us multiple mechanisms for fine-tuning the rotation of the system and the behavior of the particles," says Chen.

In addition to its potential utility in biomedical applications, the new technique also holds promise for use in exploring a range of research questions related to the physics of rotating systems.

"For example, we can create tornado-like vortex flows or study Coriolis-driven transport on a very small scale," says Chen. "It allows us to explore physics questions in a way that is compact, easily observable and relatively inexpensive, as compared to larger-scale techniques."

The work was done with support from the National Institutes of Health, under grants R01GM132603 and R01GM141055; and from the National Science Foundation, under grant 2104295.
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Unveiling the secrets of planet formation in environments of high UV radiation | ScienceDaily
The fundamental building blocks for planet formation can exist even in environments with extreme ultraviolet radiation, according to a new study by an international collaboration led by Penn State astronomers. The study leveraged the unparalleled capabilities of NASA's James Webb Space Telescope (JWST) and sophisticated thermochemical modeling to investigate a protoplanetary disk -- the dust and gas surrounding a new star that can eventually give rise to planets and other celestial bodies -- in one of the most extreme environments in the galaxy.


						
A paper describing the study appeared May 20 in The Astrophysical Journal.

"Astronomers have long sought to understand how planets form within the swirling disks of gas and dust that encircle young stars," said Bayron Portilla-Revelo, a postdoctoral researcher in astronomy and astrophysics in the Eberly College of Science at Penn State and lead author of the study. "These structures -- referred to as protoplanetary disks -- are the birthplaces of extrasolar systems, like our own solar system, which formed 4.5 billion years ago. Protoplanetary disks often form in proximity to massive stars that emit substantial amounts of ultraviolet (UV) radiation, potentially disrupting the disks and affecting their capability to form planets. While significant progress has been made by studying protoplanetary disks in nearby star-forming regions, these regions lack the intense UV radiation present in more massive and common stellar nurseries."

UV radiation refers to non-visible light with more energy than visible light. On Earth, this can damage cells, ranging from a mild sunburn to skin cancer. In space, without a planet's atmospheric filters, UV radiation is far more intense. The focus of the study was a young, solar-mass star known as XUE 1, located approximately 5,500 light-years away from our sun, within a region called the Lobster Nebula, also known as NGC 6357. This region is renowned for harboring over 20 massive stars, two of which are among the most massive known in our galaxy and are extreme UV emitters. In the same region, the team observed a dozen lower-mass young stars with protoplanetary disks subjected to intense ultraviolet radiation.

Combining JWST observations with sophisticated astrochemical models, the researchers identified the composition of tiny dust grains in the protoplanetary disk around XUE 1 that will eventually grow to form rocky planets. They found that the disk contains sufficient solid material to potentially form at least 10 planets, each with a mass comparable to that of Mercury. The authors also determined the spatial distribution in the disk of a variety of previously detected molecules, including water vapor, carbon monoxide, carbon dioxide, hydrogen cyanide and acetylene.

"These molecules are expected to contribute to the formation of the atmospheres of emerging planets," said Konstantin Getman, research professor in the Department of Astronomy and Astrophysics at Penn State and co-author of the study. "The detection of such reservoirs of dust and gas suggests that the fundamental building blocks for planet formation can exist even in environments with extreme ultraviolet radiation."

Moreover, based on the absence of certain molecules that serve as tracers of UV irradiation in the light detected by JWST, the team inferred that the protoplanetary disk is compact and devoid of gas in its outskirts. It extends only about 10 astronomical units -- a measure based on the average distance between the Earth and sun -- from the host star, roughly the distance from the sun to Saturn. This compactness is likely a result of the external UV radiation eroding the outer regions of the disk, according to the research team.




"These findings support the idea that planets form around stars even when the natal disk is exposed to strong external radiation," said Eric Feigelson, distinguished senior scholar and professor of astronomy and astrophysics and of statistics at Penn State. "This helps explain why astronomers are finding that planetary systems are very common around other stars."

The study of XUE 1 represents a pivotal step in understanding the impact of external radiation on protoplanetary disks, the researchers said. It lays the groundwork for future observational campaigns with both space- and ground-based telescopes aimed at building a more comprehensive picture of planet formation across different cosmic environments. This research underscores the transformative capabilities of NASA's James Webb satellite observatory in probing the intricacies of planet formation and highlights the resilience of protoplanetary disks in the face of formidable environmental challenges, according to Portilla-Revelo.

In addition to Portilla-Revelo, Getman and Feigelson, the research team includes Maria Claudia Ramirez-Tannus and Thomas Henning at the Max-Planck Institut fur Astronomie in Heidelberg, Germany; Thomas J. Haworth at Queen Mary University of London; Rens Waters at Radboud University and SRON Netherlands Institute for Space Research in the Netherlands; Arjan Bik and Jenny Frediani at Stockholm University in Sweden; Inga Kamp at University of Groningen in the Netherlands; Sierk E. van Terwisga at the Austrian Academy of Sciences; Andrew J. Winter at the Universite Cote d'Azur in Nice, France, and the Max-Planck Institut fur Astronomie in Heidelberg, Germany; Veronica Roccatagliata at the Universitadi Bologna and INAF-Osservatorio Astrofisico di Arcetri in Italy; Thomas Preibisch at Ludwig-Maximilians-Universitat in Germany; Elena Sabbi at the Gemini Observatory in Tucson, Arizona; Peter Zeidler at the Space Telescope Science Institute in Baltimore, Maryland; and Michael A. Kuhn at the University of Hertfordshire in the United Kingdom.

NASA funded the research, with additional support from the Center for Exoplanets and Habitable Worlds at Penn State, the Deutsche Forschungsgemeinschaft, the international Gemini Observatory -- a program of NSF NOIRLab, which is managed by the Association of Universities for Research in Astronomy under a cooperative agreement with the U.S. National Science Foundation, the Royal Society Dorothy Hodgkin Fellowship and UKRI guaranteed funding for a Horizon Europe ERC consolidator grant, the Swedish National Space Agency, the German Aerospace Center, the German Federal Ministry for Economic Affairs and Energy, the European Union's Horizon 2020 research and innovation program, and the European Research Council via the ERC Synergy Grant "ECOGAL."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250521124453.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



'Cosmic joust': Astronomers observe pair of galaxies in deep-space battle | ScienceDaily
Astronomers have witnessed for the first time a violent cosmic collision in which one galaxy pierces another with intense radiation. Their results, published today in Nature, show that this radiation dampens the wounded galaxy's ability to form new stars. This new study combined observations from both the European Southern Observatory's Very Large Telescope (ESO's VLT) and the Atacama Large Millimeter/submillimeter Array (ALMA), revealing all the gory details of this galactic battle.


						
In the distant depths of the Universe, two galaxies are locked in a thrilling war. Over and over, they charge towards each other at speeds of 500 km/s on a violent collision course, only to land a glancing blow before retreating and winding up for another round. "We hence call this system the 'cosmic joust'," says study co-lead Pasquier Noterdaeme, a researcher at the Institut d'Astrophysique de Paris, France, and the French-Chilean Laboratory for Astronomy in Chile, drawing a comparison to the medieval sport. But these galactic knights aren't exactly chivalrous, and one has a very unfair advantage: it uses a quasar to pierce its opponent with a spear of radiation.

Quasars are the bright cores of some distant galaxies that are powered by supermassive black holes, releasing huge amounts of radiation. Both quasars and galaxy mergers used to be far more common, appearing more frequently in the Universe's first few billion years, so to observe them astronomers peer into the distant past with powerful telescopes. The light from this 'cosmic joust' has taken over 11 billion years to reach us, so we see it as it was when the Universe was only 18% of its current age.

"Here we see for the first time the effect of a quasar's radiation directly on the internal structure of the gas in an otherwise regular galaxy," explains study co-lead Sergei Balashev, who is a researcher at the Ioffe Institute in St Petersburg, Russia. The new observations indicate that radiation released by the quasar disrupts the clouds of gas and dust in the regular galaxy, leaving only the smallest, densest regions behind. These regions are likely too small to be capable of star formation, leaving the wounded galaxy with fewer stellar nurseries in a dramatic transformation.

But this galactic victim isn't all that is being transformed. Balashev explains: "These mergers are thought to bring huge amounts of gas to supermassive black holes residing in galaxy centres." In the cosmic joust, new reserves of fuel are brought within reach of the black hole powering the quasar. As the black hole feeds, the quasar can continue its damaging attack.

This study was conducted using ALMA and the X-shooter instrument on ESO's VLT, both located in Chile's Atacama Desert. ALMA's high resolution helped the astronomers clearly distinguish the two merging galaxies, which are so close together they looked like a single object in previous observations. With X-shooter, researchers analysed the quasar's light as it passed through the regular galaxy. This allowed the team to study how this galaxy suffered from the quasar's radiation in this cosmic fight.

Observations with larger, more powerful telescopes could reveal more about collisions like this. As Noterdaeme says, a telescope like ESO's Extremely Large Telescope "will certainly allow us to push forward a deeper study of this, and other systems, to better understand the evolution of quasars and their effect on host and nearby galaxies."
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A new technology for extending the shelf life of produce | ScienceDaily
We've all felt the sting of guilt when fruit and vegetables go bad before we could eat them. Now, researchers from MIT and the Singapore-MIT Alliance for Research and Technology (SMART) have shown they can extend the shelf life of harvested plants by injecting them with melatonin using biodegradable microneedles.


						
That's a big deal because the problem of food waste goes way beyond our salads. More than 30 percent of the world's food is lost after it's harvested -- enough to feed more than 1 billion people. Refrigeration is the most common way to preserve foods, but it requires energy and infrastructure that many regions of the world can't afford or lack access to.

The researchers believe their system could offer an alternative or complement to refrigeration. Central to their approach are patches of silk microneedles. The microneedles can get through the tough, waxy skin of plants without causing a stress response, and deliver precise amounts of melatonin into plants' inner tissues.

"This is the first time that we've been able to apply these microneedles to extend the shelf life of a fresh-cut crop," says Benedetto Marelli, the study's senior author, associate professor of civil and environmental engineering at MIT, and the director of the Wild Cards mission of the MIT Climate Project. "We thought we could use this technology to deliver something that could regulate or control the plant's post-harvest physiology. Eventually, we looked at hormones, and melatonin is already used by plants to regulate such functions. The food we waste could feed about 1.6 billion people. Even in the U.S., this approach could one day expand access to healthy foods."

For the study, which will appear in Nano Letters, Marelli and researchers from SMART applied small patches of the microneedles containing melatonin to the base of the leafy vegetable pak choy. After application, the researchers found the melatonin was able to extend the vegetables' shelf life by four days at room temperature and 10 days when refrigerated, which could allow more crops to reach consumers before they're wasted.

"Post-harvest waste is a huge issue. This problem is extremely important in emerging markets around Africa and Southeast Asia, where many crops are produced but can't be maintained in the journey from farms to markets," says Sarojam Rajani, co-senior author of the study and a senior principal investigator at the Temasek Life Sciences Laboratory in Singapore.

Plant destressors

For years, Marelli's lab has been exploring the use of silk microneedles for things like delivering nutrients to crops and monitoring plant health. Microneedles made from silk fibroin protein are nontoxic and biodegradable, and Marelli's previous work has described ways of manufacturing them at scale.




To test microneedle's ability to extend the shelf life of food, the researchers wanted to study their ability to deliver a hormone known to affect the senescence process. Aside from helping humans sleep, melatonin is also a natural hormone in many plants that helps them regulate growth and aging.

"The dose of melatonin we're delivering is so low that it's fully metabolized by the crops, so it would not significantly increase the amount of melatonin normally present in the food; we would not ingest more melatonin than usual," Marelli says. "We chose pak choy because it's a very important crop in Asia, and also because pak choy is very perishable."

Pak choy is typically harvested by cutting the leafy plant from the root system, exposing the shoot base that provides easy access to vascular bundles which distribute water and nutrients to the rest of the plant. To begin their study, the researchers first used their microneedles to inject a fluorescent dye into the base to confirm that vasculature could spread the dye throughout the plant.

The researchers then compared the shelf life of regular pak choy plants and plants that had been sprayed with or dipped into melatonin, finding no difference.

With their baseline shelf life established, the researchers applied small patches of the melatonin-filled microneedles to the bottom of pak choy plants by hand. They then stored the treated plants, along with controls, in plastic boxes both at room temperature and under refrigeration.

The team evaluated the plants by monitoring their weight, visual appearance, and concentration of chlorophyll, a green pigment that decreases as plants age.




At room temperature, the leaves of the untreated control group began yellowing within two or three days. By the fourth day, the yellowing accelerated to the point that the plants likely could not be sold. Plants treated with the melatonin-loaded silk microneedles, in contrast, remained green on day five, and the yellowing process was significantly delayed. The weight loss and chlorophyll reduction of treated plants also slowed significantly at room temperature. Overall, the researchers estimated the microneedle-treated plants retained their saleable value until the eighth day.

"We clearly saw we could enhance the shelf life of pak choy without the cold chain," Marelli says.

In refrigerated conditions of about 40 degrees Fahrenheit, plant yellowing was delayed by about five days on average, with treated plants remaining relatively green until day 25.

"Spectrophotometric analysis of the plants indicated the treated plants had higher antioxidant activity, while gene analysis showed the melatonin set off a protective chain reaction inside the plants, preserving chlorophyll and adjusting hormones to slow senescence," says Monika Jangir, co-first author and former postdoc at the Temasek Life Sciences Laboratory.

"We studied melatonin's effects and saw it improves the stress response of the plant after it's been cut, so it's basically decreasing the stress that plant's experience, and that extends its shelf life," says Yangyang Han, co-first author and research scientist at the Disruptive and Sustainable Technologies for Agricultural Precision (DiSTAP) interdisciplinary research group at SMART.

Toward postharvest preservation

While the microneedles could make it possible to minimize waste when compared to other application methods like spraying or dipping crops, the researchers say more work is needed to deploy microneedles at scale. For instance, although the researchers applied the microneedle patches by hand in this experiment, the patches could be applied using tractors, autonomous drones, and other farming equipment in the future.

"For this to be widely adopted, we'd need to reach a performance versus cost threshold to justify its use," Marelli explains. "This method would need to become cheap enough to be used by farmers regularly."

Moving forward, the research team plans to study the effects of a variety of hormones on different crops using its microneedle delivery technology. The team believes the technique should work with all kinds of produce.

"We're going to continue to analyze how we can increase the impact this can have on the value and quality of crops," Marelli says. "For example, could this let us modulate the nutritional values of the crop, how it's shaped, its texture, etc.? We're also going to continue looking into scaling up the technology so this can be used in the field."

The work was supported by the Singapore-MIT Alliance for Research and Technology (SMART) and the National Research Foundation of Singapore.
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Extreme weather cycles change underwater light at Lake Tahoe | ScienceDaily
Lake Tahoe is experiencing large-scale shifts in ultraviolet radiation (UV) as climate change intensifies wet and dry extremes in the region. That is according to a study led by the University of California, Davis' Tahoe Environmental Research Center and co-leading collaborator Miami University in Ohio.


						
For the study, published in ASLO, the journal of the Association for the Sciences of Limnology and Oceanography, scientists analyzed an 18-year record of underwater irradiance at Lake Tahoe, which is renowned for its clear blue waters. They found up to a 100-fold difference in UV radiation between a wet and dry year.

These large fluctuations were associated with wet and dry extremes in the local climate, which caused variations in particulate matter and colored dissolved organic matter in the lake.

UV radiation penetrates most deeply in clear water bodies, such as alpine or polar lakes, so the research carries implications for those water bodies. In less transparent lakes, UV radiation may reach only a few inches into the water. In clear systems like Lake Tahoe, it can reach dozens of feet down.

"In a wet year, UV radiation penetrates shallower," said lead author Shohei Watanabe, an associate project scientist with UC Davis Tahoe Environmental Research Center. "In a drought year, more UV radiation is slicing through the water. It's a bit like reducing the lake's 'sunscreen,' making it susceptible to severe sunburn."

The role of UV radiation 

UV radiationhas wide-ranging effects on aquatic ecosystems. It affects the carbon cycle and behavior of fish and zooplankton. It can suppress photosynthesis, which forms the basis of the lake ecosystem. Understanding how it is changing can help natural resource managers and others anticipate changes while building lake resilience.




In revealing the close tie between UV radiation changes and wet-dry cycles, the study also suggests that monitoring underwater radiation can help serve as a sentinel for climate-driven disturbances in lakes.

Long-term monitoring

Long-term observation of underwater UV radiation in lakes is rare. UC Davis researchers have been continuously monitoring Lake Tahoe since 1968. Specialized equipment to measure underwater UV radiation was introduced as a part of a collaborative research project with Miami University in Ohio in 2006. Since then, UV monitoring has been integrated into the long-term monitoring program. This study analyzed 18 years of that data through 2023.

"To understand what's really happening in nature, the long-term data set is quite important," Watanabe said. "One or two years of data couldn't reveal this kind of huge fluctuation related to climatic perturbations."

The study's coauthors include Erin Overholt and Craig Williamson of Miami University in Ohio, Geoffrey Schladow of UC Davis, and Warwick Vincent of Laval University in Canada. It received funding from the National Science Foundation and philanthropic gifts to UC Davis TERC.
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Remotely moving objects underwater using sound | ScienceDaily
Sound can do more than just provide a nice beat. Sound waves have been used for everything from mapping the seafloor to breaking apart kidney stones. Thanks to a unique material structure, researchers can now move and position objects underwater without ever touching them directly.


						
Dajun Zhang, a doctoral student at the University of Wisconsin-Madison, will present his work on developing a metamaterial for underwater acoustic manipulation Tuesday, May 20, as part of the joint 188th Meeting of the Acoustical Society of America and 25th International Congress on Acoustics, running May 18-23.

A metamaterial is a composite material that exhibits unique properties due to its structure. Zhang's metamaterial features a small sawtooth pattern on its surface, which allows adjacent speakers to exert different forces on the material based on how the sound waves reflect off it. By carefully targeting the floating or submerged metamaterial with precise sound waves, Zhang can push and rotate any object attached to it exactly as much as he wants.

Manipulating objects in water without touching them could make a lot of underwater work easier. It could also be used inside the human body, which is mostly water, for applications like remote surgery or drug delivery.

"Our metamaterial offers a method to apply different acoustic radiation forces on objects in liquid media, such as underwater robots and vehicles, parts for assembly, or medical devices and drugs," said Zhang.

However, manufacturing underwater metamaterials with the correct properties for object manipulation is difficult, especially with conventional methods.

"Current fabrication methods for underwater metamaterials do not provide the resolution or material properties required and are usually very expensive," said Zhang. "To solve this issue, I developed a new fabrication method. This method is not only low cost and easy to implement but also achieves high fabrication resolution and large acoustic impedance contrast with water, which are keys to underwater metamaterials."

In tests, Zhang used his metamaterial to manipulate floating objects, such as wood, wax, and plastic foam, along with objects completely submerged underwater. He attached his metamaterial to each object and used acoustic waves to push, pull, and rotate them. With submerged objects, this technique gave him the ability to manipulate them in three dimensions.

Zhang plans to continue his work, developing a metamaterial patch that is smaller and more flexible. He hopes his work will lead to new uses in medicine and underwater robotics.

"Our research opens new opportunities for both underwater acoustic metamaterials and remote manipulation," said Zhang. "Acoustic metamaterials and metasurfaces can now be used to generate forces remotely for underwater or in-body levitation, actuation, and manipulation applications."
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Gas location drives star formation in distant galaxies | ScienceDaily
Researchers at the International Centre for Radio Astronomy Research (ICRAR) made the discovery about galaxies by studying the gas distribution that helps create stars.


						
Using CSIRO's ASKAP radio telescope located at Inyarrimanha Ilgari Bundara, the CSIRO Murchison Radio-astronomy Observatory, researchers explored the gas distribution in about 1,000 galaxies as part of the WALLABY survey.

Lead author Seona Lee, a PhD student at The University of Western Australia node of ICRAR, said the findings give new insights into how stars are born from gas.

While earlier surveys could only map the gas distribution in a few hundred galaxies, the WALLABY survey has successfully mapped the atomic hydrogen gas in a significantly larger sample of galaxies.

The survey revealed that having more gas in a galaxy does not automatically mean it will create more stars. Instead, galaxies that are forming stars usually have a higher concentration of gas in the areas where the stars reside.

"It was very exciting to see a correlation between star formation and where the atomic hydrogen gas is located," Ms Lee said.

Higher-resolution observations from telescopes like ASKAP, owned and operated by CSIRO, Australia's national science agency, allowed Ms Lee to measure the location and density of the atomic gas for an unprecedented number of galaxies.




Senior Principal Research Fellow at ICRAR Professor Barbara Catinella, who co-leads the WALLABY survey, said atomic hydrogen gas is the essential ingredient for making stars, in the same way that flour is to a cake.

"While different cakes require different amounts of flour, to bake a cake properly, you focus on the flour that's in the bowl, not the unused flour left in the package," Professor Catinella said.

"Similarly, understanding how stars are formed requires us to measure the atomic gas where stars are actually forming, rather than considering the total gas content, which includes the unused gas in the outer regions."

The research showed that being able to conduct more detailed radio obeservations is key to helping scientists understand how galaxies grow and change over time. The team looked at radio waves and visible light from nearby galaxies to determine the amount of gas in the parts of the galaxy where stars are being born.

"To learn about how stars are formed, we had to measure the atomic hydrogen gas in areas where stars are actively coming to life," Ms Lee said.

"This is important for figuring out just how much gas is really supporting the creation of new stars."
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Missing link in early Martian water cycle discovered | ScienceDaily
Billions of years ago, water flowed on the surface of Mars. But scientists have an incomplete picture of how the Red Planet's water cycle worked.


						
That could soon change after two graduate students at The University of Texas at Austin filled a large gap in knowledge about Mars' water cycle -- specifically, the part between surface water and groundwater.

Students Mohammad Afzal Shadab and Eric Hiatt developed a computer model that calculates how long it took for water on early Mars to percolate from the surface down to the aquifer, which is thought to have been about a mile underground. They found that it took anywhere from 50 to 200 years. On Earth, where the water table in most places is much closer to the surface, the same process typically takes just a few days.

The results were published in the journal Geophysical Research Letters.

The researchers also determined that the amount of water trickling between surface and aquifer could have been enough to cover Mars with at least 300 feet of water. This was potentially a significant portion of the planet's total available water.

The research helps complete scientists' understanding of the water cycle on early Mars, said Shadab, who earned his doctoral degree from UT Austin and is now a postdoctoral researcher at Princeton University. This new understanding will be useful in determining how much water was available to evaporate and fill lakes and oceans with rain, and ultimately, where the water ended up.

"We want to implement this into [an integrated model] of how the water and land evolved together over millions of years to the present state," said Shadab, who was the study's lead author. "That will bring us very close to answering what happened to the water on Mars."

Today, Mars is largely dry, at least at the surface. But 3 to 4 billion years ago -- at around the time that life was getting started on Earth -- oceans, lakes and rivers carved valleys through Mars' mountains and craters and imprinted shorelines in the rocky surface.




Ultimately, Mars' water took a different path than Earth's. Most of it is now either locked in the crust or was lost to space along with Mars' atmosphere. Understanding how much water was available near the surface could help scientists determine whether it was in the right places long enough to create the chemical ingredients needed for life.

The new findings add to an alternative picture of early Mars in which there was little water going back into the atmosphere through evaporation and raining down to refill oceans, lakes and rivers -- as it would have on Earth -- said coauthor Hiatt, who recently graduated with a doctoral degree from UT Jackson School of Geosciences.

"The way I think about early Mars is that any surface water you had -- any oceans or large standing lakes -- were very ephemeral," he said. "Once water got into the ground on Mars, it was as good as gone. That water was never coming back out."

The researchers said that the findings are not all bad news for potential life on Mars. If nothing else, the water seeping into the crust wasn't being lost to space, Hiatt said. That knowledge could one day be important for future explorers looking for buried water resources to sustain a settlement on the Red Planet.

Shadab and Hiatt's research was supported by a Blue Sky grant from the University of Texas Institute for Geophysics, a research unit of the Jackson School, and grants from UT Austin's Center for Planetary Systems Habitability and NASA.

The work was conducted while Shadab was earning a doctoral degree from the Oden Institute for Computational Engineering and Sciences at UT Austin. Other coauthors include Rickbir Bahia and Eleni Bohacek from the European Space Agency (now at UK Space Agency), Vilmos Steinmann from the Eotvos Lorand University in Hungary, and Professor Marc Hesse from the Jackson School's Department of Earth and Planetary Sciences at UT Austin.
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Commercially available peroxide binds incompatible polymers for recycling | ScienceDaily
Polyethylene and polypropylene account for two-thirds of the world's plastics. But the polymers' popularity has an equally large downside. Because they have similar densities and physical properties, the polymers are difficult -- and expensive -- to separate when mechanically recycled together. What results is a weak, degraded material that really isn't good for anything.


						
Now, Cornell researchers have developed an inexpensive and potentially scalable approach that uses a commercially available peroxide to bind the polymers together, thereby creating a more useful, high-quality plastic recycling additive.

The findings were published May 19 in the Journal of the American Chemical Society. The co-lead authors were postdoctoral researcher Moritz Kranzlein and doctoral student Shilin Cui. The project was led by Geoffrey Coates, the Tisch University Professor of Chemistry and Chemical Biology in the College of Arts and Sciences, the paper's senior author.

In a way, the project is itself a recycled product. In 2017, Coates' lab worked with collaborators from the University of Minnesota to create a multiblock polymer that could combine polyethylene and polypropylene mixtures. The new material was an important scientific achievement, according to Coates, but it proved difficult to scale up. It was also too expensive to be practical.

"We had to go back to the drawing board and think of the Venn diagram of what material would work and what synthetic methods would be affordable," he said. "Why didn't we just do that in 2017? Trust me, if it was easy, somebody else would have done this long ago."

The key to developing their new polyolefin compatibilizer was to look for existing polymers that, with the right processing, could do the job, rather than creating a new one from scratch. Kranzlein began by experimenting with the materials that were already in the lab, always with a few parameters in mind.

"Every second meeting, when I was giving Geoff an update, his first question was, 'What's the cost?' There was always this line of price per pound that I shouldn't cross," Kranzlein said. "We tried to really keep that as a focus of this project. Instead of finding a very elegant or sophisticated solution, we tried to find a real-world solution that works."

A year and a half -- and more than 200 experiments -- later, the researchers settled on an organic alkyl peroxide that, when heated, essentially plucks hydrogen molecules off high-density polyethylene (HDPE) and isotactic polypropylene (iPP) so they can be grafted together and form a copolymer material that can be added to a mechanical recycling process for HDPE and iPP mixtures, restoring their properties.




The copolymer can basically be thought of as "plastic soap," Kranzlein said.

"When we have mixtures of commodity plastics like HDPE and iPP, those don't mix very well, and those phases separate from each other, which makes the material properties of those mixtures pretty bad," Kranzlein said. "This process adds in a third component that acts like a soap between those two phases, and that soap facilitates a better miscibility between the polymers, and that restores the physical properties of those mixtures, essentially.

"It took us a very, very long time playing around with all the different tuning points," he said, "until we finally achieved something that that we were happy with."

To better understand their compatibilizer's properties and the grafting reaction, the researchers turned to Brett Fors, the Frank and Robert Laughlin Professor of Physical Chemistry (A&S), and doctoral student Jenny Hu, who conducted rheological characterization studies on it.

"So we've got the material," Coates said. "The question is, now can you make larger amounts? We're doing grams-at-a-time scale. Ultimately, you'd want to be doing dozens of kilograms. We're confident it'll scale, but there's going to be a lot of work to get it there."

Coates is hopeful that the compatibilizer could also lead to the creation of new polymer alloys that leverage the respective strengths of different waste plastics. There would be no need for giant million-dollar plants: Just take some preexisting polymers and add the compatibilizer.




"You could make a whole kind of pallet of alloys that might have better properties than either one of the pure polymers alone, just like stainless steel," said Coates, who recently launched a startup that specializes in the compatibilizer technology through Cornell's Praxis Center for Venture Development. "The dream is, if you can make a really rigid polymer that's also really tough, then you can make packaging that uses less material, yet has the same sort of properties. That's one of the other big applications for this technology."

Co-authors include Fors, Hu and research associate Anne LaPointe.

The research was supported the Gerstner Family Foundation, with additional funding from the U.S. Department of Energy through Ames National Laboratory's Institute for Cooperative Upcycling of Plastics, an Energy Frontier Research Center.
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How membranes may have brought about the chemistry of life on Earth | ScienceDaily
How life arose remains a looming question in science that researchers are seeking to answer by studying the features shared among life today. Everything alive is made up of cells, and what made the first cells different from chemical reactions occurring in the environment is a membrane. By investigating what properties these early membranes may have had, scientists can better understand how life began and evolved into the diversity of organisms we have today.


						
An important feature of membranes is what they allow to pass through and what they stop from entering the cell. This influences which molecules are involved in the biological processes that keep cells ticking. The researchers focused on a few types of molecules essential for all life: the sugars that make up the backbone of DNA and RNA and the building blocks of proteins, known as amino acids. The researchers were interested in these molecules not only because they are so pervasive across life, but they also twist in specific ways.

Biological molecules have a property called chirality, which refers to the way the molecule turns. It's like comparing your left hand to your right hand. Your hands are made up of the same structures, organized in fundamentally the same way, but flipped so that they are not identical. In biology, chirality is important for how molecules interact. For example, all the sugars in DNA and RNA need to have the same chirality (all be right-handed) to assemble into the backbone of a DNA or RNA strand. However, why life chose one chirality over the other has remained a lingering question.

The researchers propose that early membranes may have played a key part in selecting the right-handed sugars and left-handed amino acids that all life uses today. They analyzed what was able to pass through membranes with properties similar to those of archaea, a major group of microbes. The researchers also tested a membrane they designed that mixes archaeal and bacterial properties. For both types of membranes, the right-handed DNA and RNA sugars more easily passed through, while the left-handed versions had trouble permeating.

There was more variability among amino acids. Some left-handed amino acids were more likely to pass through the membrane with mixed bacterial and archaeal properties. This included the amino acid alanine, which is thought to be one of the first amino acids used by life. While this study doesn't paint a complete picture of the amino acids our cells use today, these findings demonstrate how differences in membranes strongly affect which amino acids are able to pass through. Since the membranes studied are only approximations of what the first life on earth may have been encased in, there may be other, unknown properties of the earliest membranes that influenced what we now consider our most essential molecules.

The authors add, "All known life uses a specific stereochemistry: left-handed amino acids and right-handed DNA. Understanding how this evolved is a long-standing mystery key for understanding the origin of life. Our experiments show that a specific type of membrane -- the structure that encloses cells -- acts as a sieve that selects for the stereochemistry life uses."
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Does renewable energy reduce fossil fuel production in the US? | ScienceDaily
Increasing renewable energy may not reduce the use of fossil fuels in the United States, according to a study by Ryan Thombs, assistant professor of rural sociology in Penn State's College of Agricultural Sciences.


						
In the study, published in the Journal of Environmental Studies and Sciences, Thombs analyzed fuel production data spanning 1997 to 2020 from the 33 states that produce fossil fuels in the U.S., which is the second largest greenhouse gas emitter and second largest energy producer in the world.

He found no association between the production of renewable energy and fossil fuels, which suggests that creating renewable energy did not lower or replace the production of fossil fuels. However, Thombs did find that more than 96% of the variation in fossil fuel production across the states was explained by fixed factors in each state, such as fossil fuel endowments -- the amount of fossil fuel deposits available in each state.

Thombs said the findings suggest that additional policies may be needed to help reduce the use of fossil fuels, since current renewable energy investment approaches often assume that more renewable energy naturally leads to less fossil fuel production.

"Policies could include ones that directly limit fossil fuel production through carbon taxes, setting production caps on fossil fuels and keeping fossil fuel reserves in the ground," he said. "Future research could consider other geographical contexts to see if the findings from this study are generalizable elsewhere and should also consider the effectiveness of specific policies that have been implemented."

Fossil fuels are a significant contributor to climate change, accounting for more than 75% of greenhouse gas emissions and almost 90% of carbon dioxide emissions, according to the United Nations.

Transitioning from fossil fuels to renewable energy can help mitigate climate change, and investments in these alternative, renewable forms of energy have been growing quickly -- now making up the largest percentage of new energy generation, Thombs said.




"However, many policies to this point assume that growth in renewable energy corresponds with a proportional decrease in fossil fuels," he said. "If it doesn't, then we may need to implement additional policies to reduce fossil fuel production directly rather than hope that deploying renewables will crowd out fossil fuels."

For the current study, Thombs used state-level data on per capita production of fossil fuels -- including coal, natural gas and crude oil -- as well as per capita renewable energy production, including energy produced from geothermal, conventional hydroelectric, solar thermal and photovoltaic, wind, wood and waste, and biofuels. He analyzed the data using three modeling approaches to ensure robust estimates.

One limitation of the study, Thombs said, was that the findings only apply to the U.S. and may not be true in other settings. The study also was limited to the time period in which the data was collected.

"It's possible that renewables will substitute fossil fuels as the broader political economy transforms, especially if state regulations are implemented," he said. "However, the findings do demonstrate that any such transition will be hindered by the close proximity of renewable and fossil fuel resources in many fossil-fuel-dependent states."
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Scientific breakthrough brings CO2 'breathing' batteries closer to reality | ScienceDaily
Scientists at the University of Surrey have made a breakthrough in eco-friendly batteries that not only store more energy but could also help tackle greenhouse gas emissions. Lithium-CO2 'breathing' batteries release power while capturing carbon dioxide, offering a greener alternative that may one day outperform today's lithium-ion batteries.


						
Until now, Lithium-CO2 batteries have faced setbacks in efficiency -- wearing out quickly, failing to recharge and relying on expensive rare materials such as platinum. However, researchers from Surrey have found a way to overcome these issues by using a low-cost catalyst called caesium phosphomolybdate (CPM). Using computer modelling and lab experiments, tests showed this simple change allowed the battery to store significantly more energy, charge with far less power and run for over 100 cycles.

The study, published in Advanced Science, marks a promising step toward real-world applications. If commercialised, these batteries could help cut emissions from vehicles and industrial sources -- and scientists even imagine they could operate on Mars, where the atmosphere is 95% CO2.

Dr Siddharth Gadkari, Lecturer in Chemical Process Engineering at the University of Surrey, and corresponding author of the study, said:

"There's a growing need for energy storage solutions that support our push toward renewable power while also tackling the growing threat of climate change. Our work on lithium-CO2 batteries is a potential game-changer in making that vision a reality.

"One of the biggest challenges with these batteries is something called 'overpotential' -- the extra energy needed to get the reaction going. You can think of it like cycling uphill before you can coast. What we've shown is that CPM flattens that hill, meaning the battery loses far less energy during each charge and discharge."

To understand why the CPM worked so well, teams from Surrey's School of Chemistry and Chemical Engineering and the Advanced Technology Institute used two approaches. First, they dismantled the battery after charging and discharging to study the chemical changes inside. These post-mortem tests found that lithium carbonate, the compound formed when the battery absorbs CO2, could be reliably built up and removed -- an essential feature for long-term use.




They then turned to computer modelling using density functional theory (DFT), which allows researchers to explore how the reactions unfold on the material surface. Results showed how the CPM's stable, porous structure offered the ideal surface for key chemical reactions.

Dr Daniel Commandeur, Future Fellow at the University of Surrey and corresponding author of the study, said:

"What's exciting about this discovery is that it combines strong performance with simplicity. We've shown that it's possible to build efficient lithium-CO2 batteries using affordable, scalable materials -- no rare metals required. Our findings also open the door to designing even better catalysts in the future."

The discovery opens new doors for developing even better low-cost, easy-to-make battery materials. With further research into how these catalysts interact with electrodes and electrolytes, lithium-CO2 batteries could become a practical, scalable way to store clean energy, while helping reduce carbon in the atmosphere.
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Forgotten property of the electron | ScienceDaily
The orbital angular momentum of electrons has long been considered a minor physical phenomenon, suppressed in most crystals and largely overlooked. Scientists at Forschungszentrum Julich have now discovered that in certain materials it is not only preserved but can even be actively controlled. This is due to a property of the crystal structure called chirality, which also influences many other processes in nature. The discovery has the potential to lead to a new class of electronic components capable of transmitting information with exceptional robustness and energy efficiency.


						
From electronics to spintronics, and now to orbitronics: In classical electronics, it is primarily the charge of the electron that counts. In modern approaches such as quantum computing and spintronics, the focus has shifted to the electron's spin. Now, another property is entering the spotlight: orbital angular momentum (OAM). In simple terms, OAM describes how the electron moves within an atom -- not in a classical orbit, but as a quantum mechanical distribution within an orbital.

"For decades, spin was considered the key parameter for new quantum-based technologies. But orbital angular momentum also has great potential as an information carrier -- and is significantly more robust," explains Dr. Christian Tusche from the Peter Grunberg Institute (PGI-6) at Forschungszentrum Julich. The physicist is one of the lead authors of the study published in the journal Advanced Materials.

The orbital angular momentum is one of the fundamental quantum numbers of the electron, similar to spin, which describes the apparent rotation of the electron. However, OAM is rarely observable in crystals. It is usually suppressed by the symmetrical electric and magnetic fields in the crystal lattice -- an effect known as "quenching."

In so-called chiral materials such as the cobalt silicide (CoSi) studied, this is different, as the team led by Christian Tusche, together with partners in Taiwan, Japan, Italy, the US, and Germany, has now been able to show. The word "chiral" comes from the ancient Greek "cheir" for hand. "These crystal structures lack mirror symmetry and are either left- or right-handed -- just like the human hand. You can turn them around and they remain mirror images of each other," explains Dr. Tusche. Chirality occurs frequently in nature. Sugar molecules, amino acids, and DNA all exhibit chiral structures.

Using high-resolution momentum microscopy and circularly polarized light, the researchers were able to resolve the orbital angular momentum in the chiral semiconductor for the first time -- both inside the crystal and on its surface. For the measurements, they used the NanoESCA momentum microscope operated by Forschungszentrum Julich at the Elettra synchrotron in Trieste, Italy. They discovered that the handedness of the crystal -- left- or right-handed -- predictably affects the orbital angular momentum of the electrons.

New link between crystal structure and electron

"Our results show that the structure of the crystal directly influences the angular momentum of the electrons -- an effect that we were able to measure directly. This opens up a whole new door for materials research and information processing," emphasizes Julich experimental physicist Dr. Ying-Jiun Chen.




Dr. Dongwook Go, theoretical physicist at the Peter Grunberg Institute (PGI-1) in Julich, adds: "The discovery is particularly important for the emerging field of orbitronics, which uses orbital angular momentum as an information carrier for the next generation of quantum technology."

A characteristic feature of the resulting orbital angular momentum texture are differently formed Fermi arcs: open, arc-shaped structures that become visible in so-called momentum space representations, as generated by momentum microscopy. This opens up new perspectives for applications: In the future, information could be transmitted and stored not just via the charge or spin of electrons, but also through the direction and orientation of their orbital angular momentum. This so-called orbitronics -- electronics based on orbital properties -- could thus provide the foundation for a new class of electronic devices.

Potential for different applications

The EU is funding the development of this future technology as part of the EIC Pathfinder project OBELIX, in which Prof. Yuriy Mokrousov from the University of Mainz is also involved. The theoretical physicist is also group leader at the Peter Grunberg Institute (PGI-1) in Julich and contributed fundamental theoretical models to the recent discovery.

Prof. Claus Michael Schneider also sees great promise: "For instance, it seems conceivable to use orbital angular momentum as an information carrier. Or one might employ circularly polarized light to selectively influence a crystal's chirality, enabling a light-controlled, non-mechanical switch as an alternative to the transistor. Furthermore, coupling between orbital angular momentum and spin could allow integration into existing spintronics concepts -- for example, in hybrid quantum devices," says the director of the Peter Grunberg Institute for Electronic Properties (PGI-6) at Forschungszentrum Julich.
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Cool science: Researchers craft tiny biological tools using frozen ethanol | ScienceDaily
Imagine drawing on something as delicate as a living cell -- without damaging it. Researchers at the University of Missouri have made this groundbreaking discovery using an unexpected combination of tools: frozen ethanol, electron beams and purple-tinted microbes.


						
By advancing a method called ice lithography, the team was able to etch incredibly small, detailed patterns directly onto fragile biological surfaces.

While traditional lithography is commonly used to make tiny circuits and other electronic parts for phones and computers, it relies on a liquid process that can easily harm delicate materials, including carbon nanotubes and biological membranes.

That's where Mizzou's ice-based approach stands out. By using a layer of frozen ethanol instead of liquid, they've created a gentler, more precise way to work with materials once considered too fragile to handle.

"Instead of using a traditional lithography process, which can be too harsh on delicate biological materials, our technique applies a thin layer of ice to protect the material's surface while the pattern is made," Gavin King, a professor of physics and study co-author, said. "That frozen layer helps keep everything stable during the process and makes it possible for us to work with delicate biological materials that would normally be damaged substantially."

Mizzou has one of only three labs in the world -- and the only one in North America -- using this ice lithography method. What sets the work apart is the use of ethanol ice, which protects delicate biological materials where regular water ice would cause damage.

To test their new ethanol-ice-based method, researchers used Halobacterium salinarum, a tiny microorganism that makes a purple protein capable of capturing sunlight and turning it into energy -- akin to nature's version of a solar panel. Well known in biology since the 1970s, this microbe's ability to efficiently convert light into energy makes it a promising candidate for developing new kinds of power sources.




While Mizzou's discovery is proof of concept, the team is excited about its future potential, including the possibility of using these delicate purple membranes to create solar panels.

How it works

Here's how the ice lithography method works.

First, researchers place the biological membrane on a cold surface inside a scanning electron microscope. The temperature is lowered to extremely cold levels, below -150degC. Then, when they add ethanol vapor, it instantly freezes into ethanol ice and forms a thin, smooth layer over the membrane.

Next, a focused beam of electrons draws tiny patterns in the frozen layer. Once completed, the surface is gently warmed. The parts of the ice that weren't hit by the beam are sublimed away, while the pattern -- now a solid material -- is left behind.

"The patterns we're making are smaller than 100 nanometers wide, and more than 1,000 times thinner than a strand of human hair," Dylan Chiaro, graduate student and lead author of the study, said. "It's a major step toward working with some of biology's most delicate components."

A collaborative effort




This finding from researchers at Mizzou's College of Arts and Science brings together the fields of biology, chemistry, physics and space science, and could transform how scientists work with the tiniest building blocks of life -- molecules, proteins and atoms.

Suchi Guha, a professor of physics and study co-author, helped identify the structure of the resulting material. Using a high-sensitivity tool that examines how light interacts with molecules, called surface-enhanced Raman scattering, her lab discovered that the solid material behaves similarly to carbon fiber.

After the process was completed, the purple membrane was nearly unchanged -- only losing less than one nanometer in thickness. This proves that researchers can use this process to create patterns directly on fragile biological materials without damaging them -- a challenge that has perplexed scientists.

Bernadette Broderick, an assistant professor of chemistry and study co-author, helped discover the presence of ketene, a short-lived chemical that forms during the electron beam process. King believes this discovery by Broderick's lab, which specializes in astrochemistry, can help explain how the ethanol ice transforms into a stable, solid material -- a critical step in understanding the chemistry and physics behind the method.

"Each lab contributed a different piece of the puzzle," King said. "This kind of interdisciplinary teamwork is what really made the discovery possible."
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Agrivoltaics enjoys comparatively high acceptance | ScienceDaily
Photovoltaic systems are increasingly being installed not only on roofs but also on open land. This does not always meet with citizens' approval. What is known as agrivoltaics (Agri-PV), however, is viewed more favorably, as researchers at the University of Bonn have now been able to show. In this case, the solar cells are installed in spaces used for agriculture -- such as on pastures or as a canopy over grapevines. According to a survey of almost 2,000 people, this form enjoys much higher acceptance than normal solar parks. The study has been published in the journal Land Use Policy.


						
Solar electricity is an important environmentally friendly energy source. However, the light-sensitive panels swallow up a great deal of space. Many citizens also consider the systems to be unattractive and annoying -- especially if arable land and grassland has been sacrificed for them.

One alternative is what is known as agrivoltaics. This involves installing the panels on land that continues to be used for agriculture -- grain fields, pastures, apple orchards, or vineyards. "They usually reduce the yield," explains Hendrik Zeddies from the Center for Development Research (ZEF) at the University of Bonn. "However, they sometimes also create synergies. For example, the solar cells can be used as a transparent canopy to protect fruit trees or grapevines from hailstones or harsh sunlight. On wheat fields, they often serve as wind protection -- similar to a wall or a hedge."

Cows graze between solar panels

The study that has now been published also shows that agrivoltaics offers a further advantage that should not be underestimated: It clearly enjoys much greater acceptance among the public than conventional solar parks. This is at least what the results of an online survey involving almost 2,000 men and women from Germany indicate. Zeddies is one of its initiators, alongside his colleagues Dr. Martin Parlasca and Prof. Dr. Matin Qaim, Director of the ZEF.

The respondents were chosen in such a way that their composition with regard to age, sex, education, income, and state of residency reflected the German population. They were initially given information on the advantages and disadvantages of agrivoltaics and conventional solar parks on open land. They were then assigned at random to one of three groups. The first saw photos of a pasture and, as a comparison, a meadow on which long rows of solar panels stood between the grazing cows. Similarly, the second group looked at pairs of images of a wheat field with and without solar panels, the third of a vineyard. These images were each compared with pure solar parks in the same landscape scene.

"We asked the participants how they assessed the intervention in the respective landscape," explains Zeddies. "For instance, how attractive or unattractive they found the areas shown or how they assessed their recreational value." In addition, they were asked to state whether they would be willing to accept a price premium for the electricity produced in the respective areas -- or the reverse: Whether they would pay money to prevent the solar park.




Almost 44 percent would pay more for agrivoltaic electricity

The results show that agrivoltaics met with much higher acceptance -- regardless of the scenario shown: Almost 44 percent would pay more for electricity from these areas; however, only 29 percent would be willing to do so for normal solar parks on open land. Just 2.9 percent would also finance measures to prevent agrivoltaics out of their own pockets -- the figure was 4.8 percent for conventional parks. Although the respondents were generally of the opinion that photovoltaics impairs the view of the landscape, these negative impacts were lower in their eyes when it came to agrivoltaics -- presumably because it makes a difference whether solar energy production is pushing agriculture aside or whether energy and food production are combined.

"Our survey is hypothetical -- the participants do not really have to spend any money," stresses Prof. Dr. Matin Qaim, who is also a member of the Transdisciplinary Research Area (TRA) "Sustainable Futures" and the Cluster of Excellence "PhenoRob." "Nevertheless, the results allow us to conclude that agrivoltaics meets with greater acceptance among the public than normal open-space solar systems." Agrivoltaics could, therefore, be a way to accelerate the development of environmentally friendly energy without provoking major conflicts among the population and jeopardizing food security.

However, Zeddies, who himself grew up on a farm, still sees unanswered questions. For instance, the costs for these systems are higher than for conventional open-space systems. As agrivoltaics also delivers lower electricity yields, these initial investments only amortize very slowly. "Without subsidies, it will presumably not be possible to install many systems," he says.
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World's first petahertz-speed phototransistor in ambient conditions | ScienceDaily
What if ultrafast pulses of light could operate computers at speeds a million times faster than today's best processors? A team of scientists, including researchers from the University of Arizona, are working to make that possible.


						
In a groundbreaking international effort, researchers from the Department of Physics in the College of Science and the James C. Wyant College of Optical Sciences demonstrated a way to manipulate electrons in graphene using pulses of light that last less than a trillionth of a second. By leveraging a quantum effect known as tunneling, they recorded electrons bypassing a physical barrier almost instantaneously, a feat that redefines the potential limits of computer processing power.

A study published in Nature Communications highlights how the technique could lead to processing speeds in the petahertz range -- over 1,000 times faster than modern computer chips.

Sending data at those speeds would revolutionize computing as we know it, said Mohammed Hassan, an associate professor of physics and optical sciences. Hassan has long pursued light-based computer technology and previously led efforts to develop the world's fastest electron microscope.

"We have experienced a huge leap forward in the development of technologies like artificial intelligence software, but the speed of hardware development does not move as quickly," Hassan said. "But, by leaning on the discovery of quantum computers, we can develop hardware that matches the current revolution in information technology software. Ultrafast computers will greatly assist discoveries in space research, chemistry, health care and more."

Hassan worked alongside U of A colleagues Nikolay Golubev, an assistant professor of physics; Mohamed Sennary, a graduate student studying optics and physics; Jalil Shah, a postdoctoral scholar of physics; and Mingrui Yuan, an optics graduate student. They were joined by colleagues from the California Institute of Technology's Jet Propulsion Laboratory and the Ludwig Maximilian University of Munich in Germany.

The team was originally studying the electrical conductivity of modified samples of graphene, a material composed of a single layer of carbon atoms. When a laser shines on graphene, the energy of the laser excites electrons in the material, making them move and form into a current.




Sometimes, those electric currents cancel each other out. Hassan said this happens because the laser's energy wave moves up and down, generating equal and opposite currents on either side of the graphene. Because of graphene's symmetrical atomic structure, these currents mirror each other and cancel each other out, leaving no detectable current.

But what if a single electron could slip through the graphene, and its journey could be captured and tracked in real time? That near-instant "tunnelling" was the unexpected result of the team modifying different graphene samples.

"That is what I love most about science: The real discovery comes from the things you don't expect to happen," Hassan said. "Going into the lab, you always anticipate what will happen -- but the real beauty of science are the little things that happen, which lead you to investigate more. Once we realized that we had achieved this tunneling effect, we had to find out more."

Using a commercially available graphene phototransistor that was modified to introduce a special silicon layer, the researchers used a laser that switches off and on at a rate of 638 attoseconds to create what Hassan called "the world's fastest petahertz quantum transistor."

A transistor is a device that acts as an electronic switch or amplifier that controls the flow of electricity between two points and is fundamental to the development of modern electronics.

"For reference, a single attosecond is one-quintillionth of a second," Hassan said. "That means that this achievement represents a big leap forward in the development of ultrafast computer technologies by realizing a petahertz-speed transistor."

While some scientific advancements occur under strict conditions, including temperature and pressure, this new transistor performed in ambient conditions -- opening the way to commercialization and use in everyday electronics.

Hassan is working with Tech Launch Arizona, the office that works with investigators to commercialize inventions stemming from U of A research in order to patent and market innovations. While the original invention used a specialized laser, the researchers are furthering development of a transistor compatible with commercially available equipment.

"I hope we can collaborate with industry partners to realize this petahertz-speed transistor on a microchip," Hassan said. "The University of Arizona is already known for the world's fastest electron microscope, and we would like to also be known for the first petahertz-speed transistor."
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Investment risk for energy infrastructure construction is highest for nuclear power plants, lowest for solar | ScienceDaily
Between now and 2050, the International Energy Agency projects that more than $100 trillion will be spent on building net-zero energy infrastructure globally. Yet every single one of these projects runs the risk of higher-than-expected construction costs or time delays. Newer technologies introduced in the past decade, such as hydrogen or geothermal energy, are even more difficult to evaluate as government agencies, energy developers, utilities, investors, and other stakeholders decide which sustainable energy systems are best for future projects.


						
In a new state-of-the-art study, published in the journal Energy Research & Social Science, researchers at the Boston University Institute for Global Sustainability (IGS) found that runaway construction costs and delayed timelines stymie many energy projects. In fact, the average project costs 40% more than expected for construction and takes almost two years longer than planned, as the study showed.

Nuclear power plants are the worst offenders, with an average construction cost overrun typically twice as much as expected or more, and the most extreme time delays. To be exact, the average nuclear power plant has a construction cost overrun of 102.5% and ends up costing $1.56 billion more than expected.

Looking at newer net-zero options reveals higher risk as well. Hydrogen infrastructure and carbon capture and storage both exhibit significant average time and cost overruns for construction, along with thermal power plants relying on natural gas, calling into question whether these can be scaled up quickly to meet emission reduction goals for climate mitigation.

"Worryingly, these findings raise a legitimate red flag concerning efforts to substantially push forward a hydrogen economy," says Benjamin Sovacool, lead and first author of the study, director of IGS, and professor of earth and environment.

By contrast, solar energy and electricity grid transmission projects have the best construction track record and are often completed ahead of schedule or below expected cost. Wind farms also performed favorably in the financial risk assessment.

For Sovacool, the evidence is clear: "Low-carbon sources of energy such as wind and solar not only have huge climatic and energy security benefits, but also financial advantages related to less construction risk and less chance of delays," he says. "It's further evidence that such technologies have an array of underrated and underappreciated social and economic value."

Using an original dataset significantly larger and more comprehensive than existing sources, the study provides the most rigorous comparative analysis of construction cost overrun risks and time delays for energy infrastructure projects globally.




"Low-carbon sources of energy such as wind and solar not only have huge climatic and energy security benefits, but also financial advantages related to less construction risk and less chance of delays."

The researchers compiled data on 662 energy infrastructure projects covering a diverse spectrum of technology classes and capacities, built between 1936 and 2024 across 83 countries, representing $1.358 trillion in investment. This includes emerging innovations such as geothermal and bioenergy, providing fresh insights into the cost dynamics of these recently commercialized technologies. In total, the study evaluated ten types of projects: thermoelectric power plants fueled by coal, oil, or natural gas combustion; nuclear reactors; hydroelectric dams; utility-scale wind farms; utility-scale solar photovoltaic and concentrated solar power facilities; high-voltage transmission lines; bioenergy power plants; geothermal power plants; hydrogen production facilities; and carbon capture and storage facilities.

Understanding what causes energy projects to go over budget and fall behind schedule -- and when that tipping point occurs -- is another important contribution of this global analysis. The study examined diseconomies of scale, construction delays, and governance factors to identify critical thresholds when project costs surge, helping to inform better risk management strategies.

"I'm particularly struck by our findings on the diseconomies of scale, with projects exceeding 1,561 megawatts in capacity demonstrating significantly higher risk of cost escalation," says Hanee Ryu, second and corresponding author and a visiting researcher at IGS. "This suggests that we may need to reconsider our approach to large-scale energy infrastructure planning, especially as we commit trillions to global decarbonization efforts."

What this could mean, Ryu explains, is that smaller, modular renewable projects might not only bring environmental benefits, but also potentially reduce financial risk and offer better budget predictability.
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Robots learning without us? New study cuts humans from early testing | ScienceDaily
Humans no longer have exclusive control over training social robots to interact effectively, thanks to a new study from the University of Surrey and the University of Hamburg.


						
The study, which will be presented at this year's IEEE International Conference on Robotics and Automation (ICRA), introduces a new simulation method that lets researchers test their social robots without needing human participants, making research faster and scalable.

Using a humanoid robot, the research team developed a dynamic scanpath prediction model to help the robot predict where a person would look in a social setting. The model was tested using two publicly available datasets, and the researchers demonstrated that humanoid robots were capable of mimicking human-like eye movements.

Dr Di Fu, co-lead of the study and lecturer in Cognitive Neuroscience at the University of Surrey:

"Our method allows us to test whether a robot is paying attention to the right things -- just as a human would -- without needing real-time human supervision. What's exciting is that the model remains accurate even in noisy, unpredictable environments, making it a promising tool for real-world applications like education, healthcare, and customer service."

Social robots are designed to interact with people using speech, gestures, and expressions, making them useful in education, healthcare, and customer service. Examples of social robots also include Pepper, a retail assistant, and Paro, a therapeutic robot for dementia patients.

The research team matched how their model worked in the real world to that of a simulated one, projecting human gaze priority maps onto a screen to compare the robot's predicted attention focus with real-world data. This allowed for direct evaluation of social attention models in realistic conditions, reducing the need for large-scale human-robot interaction studies in the early phases of research.

Dr Fu comments:

"Using robotic simulations instead of early-stage human trials is a major step forward for social robotics. It means we can test and refine social interaction models at scale, making robots better at understanding and responding to people. Next, we want to apply this approach to areas like social awareness in robot embodiment and explore how it can work in more complex social settings and different types of robots."
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Empowering robots with human-like perception to navigate unwieldy terrain | ScienceDaily
The wealth of information provided by our senses that allows our brain to navigate the world around us is remarkable. Touch, smell, hearing, and a strong sense of balance are crucial to making it through what to us seem like easy environments such as a relaxing hike on a weekend morning.


						
An innate understanding of the canopy overhead helps us figure out where the path leads. The sharp snap of branches or the soft cushion of moss informs us about the stability of our footing. The thunder of a tree falling or branches dancing in strong winds lets us know of potential dangers nearby.

Robots, in contrast, have long relied solely on visual information such as cameras or lidar to move through the world. Outside of Hollywood, multisensory navigation has long remained challenging for machines. The forest, with its beautiful chaos of dense undergrowth, fallen logs and ever-changing terrain, is a maze of uncertainty for traditional robots.

Now, researchers from Duke University have developed a novel framework named WildFusion that fuses vision, vibration and touch to enable robots to "sense" complex outdoor environments much like humans do. The work was recently accepted to the IEEE International Conference on Robotics and Automation (ICRA 2025), which will be held May 19-23, 2025, in Atlanta, Georgia.

"WildFusion opens a new chapter in robotic navigation and 3D mapping," said Boyuan Chen, the Dickinson Family Assistant Professor of Mechanical Engineering and Materials Science, Electrical and Computer Engineering, and Computer Science at Duke University. "It helps robots to operate more confidently in unstructured, unpredictable environments like forests, disaster zones and off-road terrain."

"Typical robots rely heavily on vision or LiDAR alone, which often falter without clear paths or predictable landmarks," added Yanbaihui Liu, the lead student author and a second-year Ph.D. student in Chen's lab. "Even advanced 3D mapping methods struggle to reconstruct a continuous map when sensor data is sparse, noisy or incomplete, which is a frequent problem in unstructured outdoor environments. That's exactly the challenge WildFusion was designed to solve."

WildFusion, built on a quadruped robot, integrates multiple sensing modalities, including an RGB camera, LiDAR, inertial sensors, and, notably, contact microphones and tactile sensors. As in traditional approaches, the camera and the LiDAR capture the environment's geometry, color, distance and other visual details. What makes WildFusion special is its use of acoustic vibrations and touch.




As the robot walks, contact microphones record the unique vibrations generated by each step, capturing subtle differences, such as the crunch of dry leaves versus the soft squish of mud. Meanwhile, the tactile sensors measure how much force is applied to each foot, helping the robot sense stability or slipperiness in real time. These added senses are also complemented by the inertial sensor that collects acceleration data to assess how much the robot is wobbling, pitching or rolling as it traverses uneven ground.

Each type of sensory data is then processed through specialized encoders and fused into a single, rich representation. At the heart of WildFusion is a deep learning model based on the idea of implicit neural representations. Unlike traditional methods that treat the environment as a collection of discrete points, this approach models complex surfaces and features continuously, allowing the robot to make smarter, more intuitive decisions about where to step, even when its vision is blocked or ambiguous.

"Think of it like solving a puzzle where some pieces are missing, yet you're able to intuitively imagine the complete picture," explained Chen. "WildFusion's multimodal approach lets the robot 'fill in the blanks' when sensor data is sparse or noisy, much like what humans do."

WildFusion was tested at the Eno River State Park in North Carolina near Duke's campus, successfully helping a robot navigate dense forests, grasslands and gravel paths. "Watching the robot confidently navigate terrain was incredibly rewarding," Liu shared. "These real-world tests proved WildFusion's remarkable ability to accurately predict traversability, significantly improving the robot's decision-making on safe paths through challenging terrain."

Looking ahead, the team plans to expand the system by incorporating additional sensors, such as thermal or humidity detectors, to further enhance a robot's ability to understand and adapt to complex environments. With its flexible modular design, WildFusion provides vast potential applications beyond forest trails, including disaster response across unpredictable terrains, inspection of remote infrastructure and autonomous exploration.

"One of the key challenges for robotics today is developing systems that not only perform well in the lab but that reliably function in real-world settings," said Chen. "That means robots that can adapt, make decisions and keep moving even when the world gets messy."

This research was supported by DARPA (HR00112490419, HR00112490372) and the Army Research Laboratory (W911NF2320182, W911NF2220113).
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Not one, but two massive black holes are eating away at this galaxy | ScienceDaily
Astronomers have discovered nearly 100 examples of massive black holes shredding and devouring stars, almost all of them where you'd expect to find massive black holes: in the star-dense cores of massive galaxies.


						
University of California, Berkeley, astronomers have now discovered the first instance of a massive black hole tearing apart a star thousands of light years from the galaxy's core, which itself contains a massive black hole.

The off-center black hole, which has a mass about 1 million times that of the sun, was hiding in the outer regions of the galaxy's central bulge, but revealed itself through bursts of light generated by the spaghettification of the star -- a so-called tidal disruption event, or TDE. In a TDE, the immense gravity of a black hole tugs on a star -- similar to the way the moon raises ocean tides on Earth, but a lot more violently.

"The classic location where you expect massive black holes to be in a galaxy is in the center, like our Sag A* at the center of the Milky Way," said Yuhan Yao, a Miller Postdoctoral Fellow at UC Berkeley who is lead author of a paper about the discovery recently accepted for publication in The Astrophysical Journal Letters (ApJL). "That's where people normally search for tidal disruption events. But this one, it's not at the center. It's actually about 2,600 light years away. That's the first optically discovered off-nuclear TDE discovered."

The galaxy's central massive black hole, about 100 million times the mass of our sun, is also gorging itself, but on gas that has gotten too close to escape.

Studies of massive black holes at galactic centers tell astronomers about the evolution of galaxies like our own, which has one central black hole -- called SagA* because of its location within the constellation Sagittarius -- weighing in at a puny 4 million solar masses. Some of the largest galaxies have central black holes weighing several 100 billion solar masses, presumably the result of the merger of many smaller black holes.

Finding two massive black holes in the center of a galaxy is not surprising. Most large galaxies are thought to have massive black holes in their cores, and since galaxies often collide and merge as they move through space, large galaxies should occasionally harbor more than one supermassive black hole -- at least until they collide and merge into an even bigger black hole. They typically hide in stealth mode until they reveal their presence by grabbing nearby stars or gas clouds, creating a short-lived burst of light. These are rare events, however. Astronomers calculate that a massive black hole would encounter a star once every 30,000 years, on average.




The new TDE, dubbed AT2024tvd, was detected by the Zwicky Transient Facility, an optical camera mounted on a telescope at Palomar Observatory near San Diego, and confirmed by observations with radio, X-ray and other optical telescopes, including NASA's Hubble Space Telescope.

"Massive black holes are always at the centers of galaxies, but we know that galaxies merge -- that is how galaxies grow. And when you have two galaxies that come together and become one, you have multiple black holes," said co-author Ryan Chornock, a UC Berkeley associate adjunct professor of astronomy. "Now, what happens? We expect they eventually come together, but theorists have predicted that there should be a population of black holes that are roaming around inside galaxies."

The discovery of one such roaming black hole shows that systematic searches for the signature of a TDE could turn up more rogue black holes. The find also validates plans for a space mission called LISA -- the Laser Interferometer Space Antenna -- that will look for gravitational waves from mergers of massive black holes like these.

"This is the first time that we actually see massive black holes being so close using TDEs," said co-author Raffaella Margutti, a UC Berkeley associate professor of astronomy and of physics. "If these are a couple of supermassive black holes that are getting closer together -- which is not necessarily true -- but if they are, they might merge and emit gravitational waves that we'll see in the future with LISA."

LISA will complement ground-based gravitational wave detectors, such as LIGO and Virgo, which are sensitive to the merger of black holes or neutron stars weighing less than a few hundred times the mass of our sun, and telescopic studies of pulsar flashes, such as the Nanograv pulsar timing array experiment, which are sensitive to gravitational waves from the mergers of supermassive black holes weighing billions of solar masses. LISA's sweet spot is black holes of several million solar masses. LISA is slated to be launched in the next decade.

Transient outbursts

Because black holes are invisible, scientists can only find them by detecting the light produced when they shred stars or gas clouds and create a bright, hot, rotating disk of material that gradually falls inward. TDEs are powerful probes of black hole accretion physics, Chornock said, revealing how close material can get to the black hole before being captured and the conditions necessary for black holes to launch powerful jets and winds.




The most productive search for TDEs has used data from the Zwicky Transient Facility, originally built to detect supernova explosions, but also sensitive to other flashes in the sky.

The ZTF has discovered nearly 100 TDEs since 2018, all within the cores of galaxies. X-ray satellites have also detected a few TDEs, including two in the outskirts of a galaxy that also has a central black hole. In those galaxies, however, the black holes are too far apart to ever merge. The newly discovered black hole is close enough to the core's massive black hole to potentially fall toward it and merge, though not for billions of years.

Yao noted that two alternative scenarios could explain the presence of the wandering black hole in AT2024tvd. It could be from the core of a small galaxy that merged with the larger galaxy long ago and is either moving through the larger galaxy on its way out or has become bound to the galaxy in an orbit that may, eventually, bring it close enough to merge with the black hole at the core.

Erica Hammerstein, another UC Berkeley postdoctoral researcher, scrutinized the Hubble images as part of the study, but was unable to find evidence of a past galaxy merger.

AT2024tvd could also be a former member of a triplet of black holes that used to be at the galactic core. Because of the chaotic nature of three-body orbits, one would have been kicked out of the core to wander around the galaxy.

Searching galaxies for off-center black holes

Because the ZTF detects hundreds of flashes of light around the northern sky each year, TDE searches to date have focused on flashes discovered near the cores of galaxies, Yao said. She and Chornock created an algorithm to distinguish between the light produced by a supernova and a TDE, and employed it to search through the 10,000 or so detections by ZTF to date to find bursts of light in the galactic center that fit the characteristics of a TDE.

"Supernovae cool down after they peak, and their color becomes redder," Yao said. "TDEs remain hot for months or years and have consistently blue colors throughout their evolution."

TDEs also exhibit broad emission lines of hydrogen, helium, carbon, nitrogen and silicon.

Last August, the Berkeley team discovered a burp of light that looked like a TDE, but its location seemed off-center, though within the resolution limits of the ZTF. The researchers suspected the black hole was indeed off center, and immediately requested time on several telescopes to pinpoint its location. These included NASA's Chandra X-ray Observatory, the Very Large Array and the Hubble Space Telescope. They all confirmed its off-nucleus location, with HST providing a distance of about 2,600 light years -- about one-tenth the distance between our sun and Sag A*.

Though close to the central black hole, the off-nuclear black hole is not gravitationally bound to it. Because the black hole at the core spews out energy as it accretes infalling gas, it is categorized as an active galactic nucleus.

Yao and her team hope to find other roaming TDEs, which will give astronomers an idea of how often galaxies and their core black holes merge, and thus how long it takes to form some of the extreme, supermassive black holes.

"AT2024tvd is the first offset TDE captured by optical sky surveys, and it opens up the entire possibility of uncovering this elusive population of wandering black holes with future sky surveys," Yao said. "Right now, theorists haven't given much attention to offset TDEs. They primarily predict rates for TDEs occurring at the centers of galaxies. I think this discovery really motivates them to compute rates for offset TDEs, as well."

The 34 co-authors who contributed to the paper come from institutions in the United States, United Kingdom, Sweden, Russia, Germany, Australia and the Netherlands. ZTF is a public-private partnership, with equal support from the ZTF Partnership and the U.S. National Science Foundation.
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Remotely controlled robots at your fingertips: Enhancing safety in industrial sites | ScienceDaily
A research team led by Professor Keehoon Kim and Ph.D. candidate Jaehyun Park from the Department of Mechanical Engineering at POSTECH has developed a novel haptic device designed to enhance both safety and efficiency for workers in industrial settings. This research was recently published in the international robotics journal IEEE Transactions on Industrial Informatics.


						
Robotic automation is rapidly advancing in high-risk industrial environments such as factories and steel mills. However, there remain many tasks that still require human intervention, despite advances in robotics. The challenge lies in the fact that operating robots can be more complex than anticipated, and even minor mistakes may lead to accidents.

To address this, the research team developed two types of haptic devices that allow users to feel interaction at their fingertips while controlling robots remotely.

The 'POstick-KF (Kinesthetic Feedback)' device transmits the precise force changes a robot experiences when pushing or pulling objects directly to the user, enabling delicate and accurate manipulation. Meanwhile, the 'POstick-VF (Visuo-tactile Feedback)' device provides a combination of tactile and visual feedback, making it effective for use in larger workspaces. Both devices are modeled after the actual size and shape of real tools, allowing even novices to adapt quickly, and can be selected according to the work environment or the operator's skill level.

Simulation experiments demonstrated the effectiveness of these devices: users achieved higher accuracy in manipulation and significantly reduced collisions with obstacles compared to conventional haptic devices. Notably, the POstick-VF showed marked improvements in user proficiency over time, highlighting its training benefits.

The system also integrates digital twin technology, enabling users to simulate actual robot operations in virtual environments, and incorporates augmented reality (AR) to further enhance user immersion and concentration.

Professor Keehoon Kim, who led the research, commented, "Our technology enables tasks requiring human dexterity to be performed more safely and precisely in collaboration with robots. We hope this will enhance safety in industrial sites and reduce the burden on workers."

This research was supported by POSCO Holdings.
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The invisible order sets the fluctuation in the terahertz region of glass | ScienceDaily
Although glasses exhibit disordered atomic structures, X-ray and neutron scattering reveal a subtle periodicity. Researchers at University of Tsukuba have demonstrated that this hidden periodicity -- referred to as "invisible order" -- plays a critical role in determining vibrational fluctuations in the terahertz (THz) frequency range, which significantly influence the physical properties of glass.


						
At first glance, glass appears to be a random network of atoms. However, X-ray and neutron beam analysis reveals a faint but consistent periodic feature known as the first sharp diffraction peak (FSDP). Concurrently, glass exhibits a boson peak (BP), a vibrational anomaly in the THz range, which contributes to its low thermal conductivity, mechanical characteristics, and THz range light absorption. Despite extensive research, the precise relationship between the FSDP and BP has remained unclear.

Using heterogeneous elasticity theory -- which accounts for spatial fluctuations in the material's elastic properties -- the researchers identified a direct correlation between the emergence of the BP and the presence of the FSDP. The theoretical model indicates that the scale of elastic inhomogeneity necessary for BP manifestation aligns with that of the FSDP. This suggests that the FSDP is a determining factor in the vibrational behavior of glasses within the THz band.

These findings are expected to inform the development of novel glass materials with tunable boson peaks, enabling targeted control of their thermal and mechanical properties.

This work was supported by JSPS KAKENHI Grant Nos. 23H01139 and 23K25836 (to T.M.), 23H04495 (to H.M.), 22K03543 (to H.M.), and 24K08045 (to Y.F.); and JSPS Grant-in-Aid for Transformative-Research Areas (A) 'Hyper-Ordered Structures Science' Grant Nos. 20H05878 (to S. Kohara) and 20H05881 (to S. Kohara); and the AGC research collaboration (to T.M.); and GIC & NGF (to T.M.).
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Chemists develop compact catenane with tuneable mechanical chirality | ScienceDaily
A team of chemists from The University of Hong Kong (HKU), in collaboration with international scientists, has made significant strides in the field of mechanically interlocked molecules (MIMs). Their work, recently published in the prestigious journal Nature Synthesis, showcases the development of a compact catenane with tuneable mechanical chirality, offering promising applications in areas such as material science, nanotechnology, and pharmaceuticals.


						
The research was a collaborative effort led by the late Nobel Laureate Professor Fraser STODDART, alongside Research Assistant Professors Dr Chun TANG and Dr Ruihua ZHANG from HKU's Department of Chemistry. Contributions also came from researchers at HKU, Northwestern University and other global institutions.

Catenanes and Mechanical Chirality

Catenanes are unique molecular structures formed by the mechanical interlocking of two or more rings, akin to chain links. Unlike covalent bonds, these rings are held together by mechanical forces. Mechanical chirality refers to the chirality arising from the non-superimposable spatial arrangement of interlocked molecular rings, which can significantly impact their properties and functions.

In this study, researchers demonstrated that two achiral rings with specific symmetrical features can create a catenane with mechanical chirality through an innovative isostructural desymmetrisation strategy. This allows the catenane to adopt a compact co-conformation, similar to its achiral counterpart. When interlocked in this compact form, the rings lose their individual symmetry and form chiral structures that cannot overlap with their mirror images, a property known as chirality in chemistry.

Technical Innovation and Methodology

The research team has developed a catenane with tuneable chirality, achieved through chiral induction and advanced synthetic techniques. By introducing chiral disulfonate molecules, they can favour one mirror-image form over the other, allowing precise control over the catenane's behaviour in solutions and solid crystals. This tunability, driven by a compact design and strategic molecular geometry adjustments, suggests promising applications in smart materials, and nanotechnology and novel drug design. Computational modelling and experimental validation have enabled the manipulation of chirality by controlling the interaction and mechanical movements of the interlocked rings, allowing transitions between different chiral states. The researchers also revealed that the equilibrium between these enantiomers can be adjusted by introducing certain chiral molecules, inducing chirality and optical activity.

Potential Applications

In nanotechnology, these catenanes could be used to create molecular machines with specific chiral functionalities that perform tasks such as molecular recognition or targeted drug delivery. In materials science, the tunable properties of these structures could lead to the development of new materials and composites with customisable mechanical and optical characteristics for sensing and other applications.

"The ability to create and control mechanical chirality in catenanes opens up new avenues for the development of advanced functional materials and artificial molecular machines," said Dr Tang. "Our findings highlight the potential of using mechanical bonds to create chirality, which could have important implications for the field of chemistry and materials science."
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Astronomers observe largest ever sample of galaxies up to over 12 billion light years away | ScienceDaily
The largest sample of galaxy groups ever detected has been presented by a team of international astronomers using data from the James Webb Space telescope (JWST) in an area of the sky called COSMOS Web. The study marks a major milestone in extragalactic astronomy, providing unprecedented insights into the formation and evolution of galaxies and the large-scale structure of the universe.


						
Peering back in time to when the universe was younger than the Earth is now, the images span the period from around twelve billion years ago until one billion years ago. The new catalogue of images, soon to be published in the journal Astronomy and Astrophysics (A&A), includes nearly 1,700 galaxy groups. The research group's impressive image of a galaxy cluster over 6 billion light years away is currently showcased as the European Space Agency's (ESA) picture of the month.

'We're able to actually observe some of the first galaxies formed in the universe,' says Ghassem Gozaliasl of Aalto University, and head of the galaxy groups detection team who led the study. 'We detected 1,678 galaxy groups or proto-clusters -- the largest and deepest sample of galaxy groups ever detected -- with the James Webb Space telescope. With this sample, we can study the evolution of galaxies in groups over the past 12 billion years of cosmic time.'

The James Webb Space Telescope began operating in 2022. The largest telescope in space, its higher resolution and greater sensitivity have enabled astronomers to see farther and better than ever before. Because light travels at a finite speed, the further away an object is, the further back in time our image of it. By observing very faint, very distant galaxies -- the faintest galaxies in this dataset are one billion times dimmer than the human eye can see -- the team got a glimpse of what galaxies looked like in the early universe.

Galaxy groups and clusters are rich environments filled with dark matter, hot gas, and massive central galaxies that often host supermassive black holes, explains Gozaliasl. 'The complex interactions between these components play a crucial role in shaping the life cycles of galaxies and driving the evolution of the groups and clusters themselves. By uncovering a more complete history of these cosmic structures, we can better understand how these processes have influenced the formation and growth of both massive galaxies and the largest structures in the universe.'

Cosmic family history

Galaxies aren't scattered evenly throughout the universe. Instead, they cluster in dense regions connected by filaments and walls, forming a vast structure known as the cosmic web. Truly isolated galaxies are rare -- most reside in galaxy groups, which typically contain anywhere from three to a few dozen galaxies, or in larger galaxy clusters, which can include hundreds or even thousands of galaxies bound together by gravity. Our own Milky Way is part of a small galaxy group known as the Local Group, which includes the Andromeda Galaxy and dozens of smaller galaxies.

'Like humans, galaxies come together and make families,' explains Gozaliasl. 'Groups and clusters are really important, because within them galaxies can interact and merge together, resulting in the transformation of galaxy structure and morphology. Studying these environments also helps us understand the role of dark matter, feedback from supermassive black holes, and the thermal history of the hot gas that fills the space between galaxies.'

Because the new catalog includes observations that span from one billion to twelve billion years ago, scientists can compare some of the earliest structures in the universe with relatively modern ones to learn more about galaxy groups and how they evolve. Studying the history of galaxy groups can also help astronomers understand how the giant, brightest group galaxies (BGGs) at their centres form through repeated mergers -- an area explored in depth across several of Gozaliasl's recent publications.

'When we look very deep into the universe, the galaxies have more irregular shapes and are forming many stars. Closer to our time, star formation is what we refer to as 'quenched' -- the galaxies have more symmetric structures, like elliptical or spiral galaxies. It's really exciting to see the shapes changing over cosmic time. We can start to address so many questions about what happened in the universe and how galaxies evolved,' says Gozaliasl.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250519131752.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Streaked slopes on Mars probably not signs of water flow, study finds | ScienceDaily
A new study by planetary scientists at Brown University and the University of Bern in Switzerland casts doubt on one of the most tantalizing clues that water might be flowing on present-day Mars.


						
For years, scientists have spied strange streaks running down Martian cliffsides and crater walls. Some have interpreted those streaks as liquid flows, suggesting the possibility of currently habitable environments on the Red Planet. But this new study, which used machine learning to create and analyze a massive dataset of slope streak features, points to a different explanation: dry process related to wind and dust activity.

"A big focus of Mars research is understanding modern-day processes on Mars -- including the possibility of liquid water on the surface," said Adomas Valantinas, a postdoctoral researcher at Brown who coauthored the research with Valentin Bickel, a researcher at Bern. "Our study reviewed these features but found no evidence of water. Our model favors dry formation processes."

The research was published in Nature Communications on Monday, May 19.

Scientists first saw the odd streaks in images returned from NASA's Viking mission in the 1970s. The sinewy features are generally darker in hue than the surrounding terrain and extend for hundreds of meters down sloped terrain. Some last for years or decades, while others come and go more quickly. The shorter-lived features -- dubbed recurring slope lineae (RSL) -- seem to show up in the same locations during the warmest periods of the Martian year.

The origin of the streaks has been a hot topic among planetary scientists. Modern Mars is remarkably dry, and temperatures rarely peak above freezing. Still, it's possible that small amounts of water -- perhaps sourced from buried ice, subsurface aquifers or abnormally humid air -- could mix with enough salt to create a flow even on the frozen Martian surface. If true, RSLs and slope streaks could mark rare, habitable niches on a desert world.

Other researchers haven't been convinced. They contend the streaks are triggered by dry processes like rock falls or wind gusts, and only appear liquid-like in orbital images.




Hoping for new insights, Bickel and Valantinas turned to a machine learning algorithm to catalog as many slope streaks as they could. After training their algorithm on confirmed slope streak sightings, they used it to scan more than 86,000 high-resolution satellite images. The result was a first-of-its-kind global Martian map of slope streaks containing more than 500,000 streak features.

"Once we had this global map, we could compare it to databases and catalogs of other things like temperature, wind speed, hydration, rock slide activity and other factors." Bickel said. "Then we could look for correlations over hundreds of thousands of cases to better understand the conditions under which these features form."

This geostatistical analysis showed that slope streaks and RSLs are not generally associated with factors that suggest a liquid or frost origin, such as a specific slope orientation, high surface temperature fluctuations or high humidity. Instead, the study found that both features are more likely to form in places with above average wind speed and dust deposition -- factors that point to a dry origin.

The researchers conclude that the streaks most likely form when layers of fine dust suddenly slide off steep slopes. The specific triggers may vary. Slope streaks appear more common near recent impact craters, where shockwaves might shake loose surface dust. RSLs, meanwhile, are more often found in places where dust devils or rockfalls are frequent.

Taken together, the results cast new doubt on slope streaks and RSLs as habitable environments.

That has significant implications for future Mars exploration. While habitable environments might sound like good exploration targets, NASA would rather keep its distance. Any Earthly microbes that may have hitched a ride on a spacecraft could contaminate habitable Martian environments, complicating the search for Mars-based life. This study suggests that the contamination risk at slope streak sites isn't much of a concern.

"That's the advantage of this big data approach," Valantinas said. "It helps us to rule out some hypotheses from orbit before we send spacecraft to explore."
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Researchers take AI to 'kindergarten' in order to learn more complex tasks | ScienceDaily
We need to learn our letters before we can learn to read and our numbers before we can learn how to add and subtract. The same principles are true with AI, a team of New York University scientists has shown through laboratory experiments and computational modeling.


						
In their work, published in the journal Nature Machine Intelligence, researchers found that when recurrent neural networks (RNNs) are first trained on simple cognitive tasks, they are better equipped to handle more difficult and complex ones later on.

The paper's authors labeled this form of training kindergarten curriculum learning as it centers on first instilling an understanding of basic tasks and then combining knowledge of these tasks in carrying out more challenging ones.

"From very early on in life, we develop a set of basic skills like maintaining balance or playing with a ball," explains Cristina Savin, an associate professor in NYU's Center for Neural Science and Center for Data Science. "With experience, these basic skills can be combined to support complex behavior -- for instance, juggling several balls while riding a bicycle.

"Our work adopts these same principles in enhancing the capabilities of RNNs, which first learn a series of easy tasks, store this knowledge, and then apply a combination of these learned tasks to successfully complete more sophisticated ones."

RNNs -- neural networks that are designed to process sequential information based on stored knowledge -- are particularly useful in speech recognition and language translation. However, when it comes to complex cognitive tasks, training RNNs with existing methods can prove difficult and fall short of capturing crucial aspects of animal and human behavior that AI systems aim to replicate.

To address this, the study's authors -- who also included David Hocker, a postdoctoral researcher in NYU's Center for Data Science, and Christine Constantinople, a professor in NYU's Center for Data Science -- first conducted a series of experiments with laboratory rats.




The animals were trained to seek out a water source in a box with several compartmentalized ports. However, in order to know when and where the water would be available, the rats needed to learn that delivery of the water was associated with certain sounds and the illumination of the port's lights -- and that the water was not delivered immediately after these cues. In order to reach the water, then, the animals needed to develop basic knowledge of multiple phenomena (e.g., sounds precede water delivery, waiting after the visual and audio cues before trying to access the water) and then learn to combine these simple tasks in order to complete a goal (water retrieval).

These results pointed to principles of how the animals applied knowledge of simple tasks in undertaking more complex ones.

The scientists took these findings to train RNNs in a similar fashion -- but, instead of water retrieval, the RNNs managed a wagering task that required these networks to build upon basic decision making in order to maximize the payoff over time. They then compared this kindergarten curriculum learning approach to existing RNN-training methods.

Overall, the team's results showed that the RNNs trained on the kindergarten model learned faster than those trained on current methods.

"AI agents first need to go through kindergarten to later be able to better learn complex tasks," observes Savin. "Overall, these results point to ways to improve learning in AI systems and call for developing a more holistic understanding of how past experiences influence learning of new skills."

This research was funded by grants from the National Institute of Mental Health (1R01MH125571-01, 1K01MH132043-01A1) and conducted using research computing resources of the Empire AI consortium, with support from the State of New York, the Simons Foundation, and the Secunda Family Foundation.
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More donor hearts by extending the preservation time | ScienceDaily
A new discovery by Mayo Clinic researchers could mean more donor hearts are available for heart transplant, giving more people a second chance at life. In findings published in Nature Cardiovascular Research, a team led by Mayo Clinic cardiac surgeon Paul Tang, M.D., Ph.D., identified a biological process that contributes to donor heart injury during cold storage. The researchers found that a drug already used to treat heart conditions can prevent this damage.


						
Heart transplantation is the most effective treatment for end-stage heart failure, yet fewer than half of donor hearts are ultimately used. One major reason is the relatively short window for transplanting a donated heart into a patient, due to issues that come from leaving a heart in cold storage too long.

Why donor hearts deteriorate in cold storage

Although cold storage slows metabolism and helps preserve tissue, prolonged exposure to cold can lead to molecular changes that compromise how well the heart performs after transplant. One complication is called primary graft dysfunction, in which the transplanted heart cannot pump effectively after surgery. This may affect up to 20% of recipients to varying degrees.

To investigate why this damage occurs, the researchers focused on a protein inside heart cells called the mineralocorticoid receptor, which plays a role in how cells respond to stress. During cold storage, they found that this protein undergoes a process in which the protein clumps together in a way that harms the heart cells, called liquid-liquid phase separation. This damage leads to inflammation and cell death, making the heart less likely to function well after transplant.

Preventing damage with a common drug

To test whether the process could be prevented, the researchers treated donor hearts with a drug called canrenone, which blocks mineralocorticoid receptor activity. In human donor hearts stored beyond the typical timeframe, treatment with the drug nearly tripled their pumping strength compared to hearts stored without it. The hearts also showed better blood flow and fewer signs of cell injury. The findings suggest canrenone may help extend the safe storage period for donor hearts by improving the heart's pumping strength to increase chances of a successful transplant.

"As a cardiovascular surgeon, I've seen how every additional hour of preservation can impact the likelihood of whether a donor heart can return to normal function after transplantation," Dr. Tang says. "This discovery may give us a new tool to preserve heart function for longer during storage, improve transplant outcomes and enhance patient access to lifesaving transplants."

The study's findings also have the potential to improve the preservation of other transplantable organs. Similar protein clustering was observed in donor kidneys, lungs and livers during cold storage. This suggests that the same strategy may help expand transplant options across multiple organ systems.
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Nimble dimples: Agile underwater vehicles inspired by golf balls | ScienceDaily
Underwater or aerial vehicles with dimples like golf balls could be more efficient and maneuverable, a new prototype developed at the University of Michigan has demonstrated.


						
Golf ball dimples cut through pressure drag -- the resistance force an object meets when moving through a fluid -- propelling the ball 30% further than a smooth ball on average. Taking this as inspiration, a research team developed a spherical prototype with adjustable surface dimples and tested its aerodynamics in a controlled wind tunnel.

"A dynamically programmable outer skin on an underwater vehicle could drastically reduce drag while eliminating the need for protruding appendages like fins or rudders for maneuvering. By actively adjusting its surface texture, the vehicle could achieve precise maneuverability with enhanced efficiency and control," said Anchal Sareen, U-M assistant professor of naval architecture and marine engineering and mechanical engineering and corresponding author of two studies published in Flow and The Physics of Fluids.

These nimble vehicles could access typically hard-to-reach areas in the ocean while conducting surveillance, mapping new areas or collecting data on water conditions.

Sareen and colleagues formed the prototype by stretching a thin layer of latex over a hollow sphere dotted with holes, resembling a pickleball. A vacuum pump depressurizes the core, pulling the latex inwards to create precise dimples when switched on. Turning off the pump makes the sphere smooth again.

To find out how the dimples affected drag, the sphere was put to the test within a 3-meter-long wind tunnel, suspended by a thin rod and subjected to different wind velocities.

For each flow condition, the dimple depth could be finely adjusted by shifting the vacuum pump's strength. Drag was measured using a load cell, a sensor that detects force exerted by airflow on the object. At the same time, an aerosol was sprayed into the wind tunnel while a high-speed laser and camera captured the motion of the tiny particles as they flowed around the sphere.




For high wind speeds, shallower dimples cut the drag more effectively while deeper dimples were more efficient at lower wind speeds. By adjusting dimple depth, the sphere reduced drag by 50% compared to a smooth counterpart for all conditions.

"The adaptive skin setup is able to notice changes in the speed of the incoming air and adjust dimples accordingly to maintain drag reductions. Applying this concept to underwater vehicles would reduce both drag and fuel consumption," said Rodrigo Vilumbrales-Garcia, a postdoctoral research fellow of naval architecture and marine engineering at U-M and contributing author to the studies.

The smart morphable sphere can also generate lift, allowing for controlled movement. Often thought of as the upwards force responsible for keeping planes in the air, lift can work in any direction as long as it is perpendicular to the direction of the flow.

To achieve this, researchers designed the inner skeleton with holes on only one side, causing the sphere to develop one smooth and one dimpled side when activated.

This created asymmetric flow separation on the two sides of the sphere, deflecting the wake toward the smooth side. By Newton's third law, the fluid applies an equal and opposite force toward the rough side, effectively pushing the sphere in the direction of the dimples. Dimples on the right generate force to the right while those on the left push left. This enables precise steering by selectively activating dimples on the desired side.

The team tested the new sphere in the same wind tunnel setup with varying wind velocity and dimple depth. With the optimal dimple depth, the half rough/half smooth sphere generated lift forces up to 80% of the drag force. The lift generation was as strong as the Magnus effect, but instead of using rotation, it was created entirely by modifying the surface texture.




"I was surprised that such a simple approach could produce results comparable to the Magnus effect, which requires continuous rotation," said Putu Brahmanda Sudarsana, U-M graduate student in mechanical engineering and contributing author to the studies.

"In the long run, this could benefit, for example, compact spherical robotic submarines that prioritize maneuverability over speed for exploration and inspection. Typically, these submarines would require multiple propulsion systems, but this mechanism could help reduce that need."

Looking ahead, Sareen anticipates collaborations that combine expertise in materials science and soft robotics, further advancing the capabilities of this dynamic skin technology.

"This smart dynamic skin technology could be a game-changer for unmanned aerial and underwater vehicles, offering a lightweight, energy-efficient and highly responsive alternative to traditional jointed control surfaces," she said. "By enabling real-time adaptation to changing flow conditions, this innovation promises to enhance maneuverability, optimize performance and unlock new possibilities for vehicle design."
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A first blueprint of chemical transport pathways in human cells | ScienceDaily
An unprecedented international effort to decode how cells manage the transport of chemical substances has culminated in four groundbreaking studies published in Molecular Systems Biology. Led by Giulio Superti-Furga at CeMM, the Research Center for Molecular Medicine of the Austrian Academy of Sciences, and supported by an international consortium of academic and pharmaceutical partners under the European Union's Innovative Medicines Initiative, this decade-long project provides the first comprehensive functional blueprint of chemical transport pathways in human cells.


						
All life depends on the ability of cells to exchange substances with their environment. Nutrients, ions, and vitamins must be absorbed, while waste and special metabolites must be expelled. This fundamental process relies on transporter proteins embedded in cell membranes. Despite their crucial role, the function of many of the hundreds of human transporter-encoding genes has remained a mystery, slowing progress in fields ranging from cancer therapy to metabolic and neurological disease research.

Recognizing this challenge, the Superti-Furga group at CeMM first called for intensified research in a landmark 2015 article in Cell. Ten years later, CeMM and an international consortium have succeeded: by focusing on the largest family of transporters -- the solute carriers (SLCs) -- they have more than doubled existing knowledge and laid the foundations for future breakthroughs in understanding and targeting these critical proteins.

A Megaproject on Membrane Transporters

In a massive, coordinated effort, 120 researchers from 13 institutions across eight countries came together under the RESOLUTE consortium. After more than five years of laboratory work, most of the experimental data were gathered. The CeMM team, supported by a few key partners and primarily financed by the Austrian Academy of Sciences, then spent an additional year harmonizing, integrating, and interpreting the extensive datasets.

The result is a transformative expansion of the known biology of SLC transporters, integrating multidisciplinary experimental and computational approaches. Their findings illuminate the intricate logistics of chemical traffic within human cells, offering powerful new resources for the scientific and medical communities worldwide.

"It is difficult to find in history a comparably ample and strong 'push' of enabling knowledge and tools towards an individual target class, so heavily involved in human disease," says Giulio Superti-Furga, Scientific Director of CeMM and Coordinator of the RESOLUTE consortium. "With these four studies, we hope to have lowered the barrier for transporter research and catalyzed a surge in biomedical discovery for years to come."

The effort not only generated vast scientific insights but also produced an impressive arsenal of reagents, datasets, and analytical tools -- all made freely available to the global scientific community via https://re-solute.eu.




"What is the most important outcome is that we were able to annotate most, if not all, solute carriers with functional information and have created a vast arsenal of tools that now serve the global research community. This achievement, culminating in the RESOLUTE knowledge base, represents a unique resource and a true community treasure," says Ulrich Goldmann, a key researcher responsible for data integration.

Giulio Superti-Furga adds: "We are deeply grateful for the support of the Innovative Health Initiative, IHI, (previously Innovative Medicines Initiative, IMI), a partnership of the European Federation of Pharmaceutical Industries and Associations, EFPIA, and the European Union, EU, and the contributions of all our outstanding partners -- without whom this project would never have come to life. Since a couple of years, CeMM has shouldered much of the responsibility to validate, annotate, maintain and further develop this invaluable platform. Looking ahead, there is a genuine opportunity for funding bodies and industry stakeholders to help secure the long-term sustainability and expansion of this effort. It is not too late to propose and contribute the means to ensure this community treasure continues to grow and inspire biomedical research worldwide."

Project Manager Tabea Wiedmer, who took over after the premature and tragic death of Daniel Lackner, emphasizes the collaborative spirit of the initiative: "Coordinating the research efforts of such a large group of scientists was a formidable challenge, especially during COVID. We had to develop all sorts of creative strategies to keep partners focused and motivated -- but it worked wonderfully. The success relies heavily on efficiently combining expertise across fields."

Key Highlights of the Four Landmark Studies:
    	Metabolic Mapping of the SLC Superfamily: Hundreds of SLC genes were systematically knocked out or overexpressed in human cell lines, revealing distinct metabolic and gene expression signatures and identifying potential substrates for 71 previously uncharacterized transporters. SLC45A4 was identified as a novel polyamine transporter, opening doors to new metabolic roles. Clustering analysis revealed functional subgroups of SLCs, including those involved in osmolyte balance and glycosylation -- functions previously unlinked to specific SLCs.
    	The Complete SLC Interactome: Researchers mapped protein-protein interactions for nearly 400 SLCs, uncovering thousands of new connections and shedding light on fundamental regulatory mechanisms. Specific examples, like the role of PDZ-domain proteins in trafficking, or degrons in stability, illustrate how SLCs are regulated post-translationally.
    	The First Genetic Interaction Map of SLCs: Through more than 35,000 double-knockout experiments, the team identified synthetic lethal interactions and functional redundancies, suggesting new therapeutic targets, particularly among mitochondrial SLCs. SLC39A1, a zinc transporter, plays an unexpected role in metabolic rewiring and anti-apoptotic signaling in cancer.
    	An Integrative Functional Landscape of SLCs: By combining RESOLUTE-generated data with public datasets, researchers created a richly annotated and freely accessible database, systematically charting the biochemical and biological properties of the SLC transporter family. The work may serve as a blueprint for the systematic extraction and integration of knowledge from high-dimensional, multi-omics data.

Unlocking New Therapeutic Opportunities

SLC transporters are implicated in a wide range of diseases, including cancer, neurological disorders, diabetes, and inherited metabolic conditions. Furthermore, the efficacy of numerous drugs depends on their ability to traverse cellular membranes via specific transporters.

By dramatically expanding the knowledge on transporters and providing essential tools, RESOLUTE paves the way for accelerated therapeutic innovation and new precision medicine approaches.
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How to swim without a brain | ScienceDaily
Bacteria can do it, amoebas can do it, even blood cells can do it: they all have the ability to move in a goal oriented way in liquids. And they do so despite having extremely simple structures without a central control system (such as a brain). How can this be explained? A team from TU Wien, the University of Vienna and Tufts University (USA) simulated this type of movement on a computer and was able to show that swimming movements are possible even without a central control unit. This not only explains the behaviour of microorganisms, it could also enable nanobots to move in a targeted manner, for example to transport drugs to the right place in the body.


						
Success even without a central control system

"Simple microorganisms can be imagined as being composed of several parts, a bit like a string of pearls," says Benedikt Hartl from the Institute of Theoretical Physics at TU Wien and the Allen Discovery Center at Tufts University, lead author of the current publication. "The individual parts can move relative to each other. We wanted to know: under what circumstances does this result in a movement that causes the entire organism to move in a desired direction?"

This is relatively simple if there is a central control system -- something like a brain or at least a nerve centre. Such a centre can issue specific commands to the individual parts. It is easy to understand how this can result in coordinated movement.

But a single-celled organism naturally has no nerve cells, no central processing system that could issue commands. How is it possible in this case for a coordinated swimming movement to arise? If the individual parts of the microorganism all behave according to very simple rules, can this result in collective behaviour that leads to efficient swimming?

Microorganisms simulated on a computer

This question was investigated using computer simulations: the microorganisms were modelled as chains of interconnected beads . Each of these beads can exert a force to the left or right, but each bead only knows the position of its immediate neighbours. There is no knowledge of the overall state of the organism or of beads further away.




"The crucial question now is: Is there a control system, a set of simple rules, a behavioural strategy that each bead can follow individually so that a collective swimming motion emerges -- without any central control unit?" says Benedikt Hartl.

On the computer, the individual beads -- the simulated parts of the virtual microorganism -- were equipped with a very simple form of artificial intelligence, a tiny neural network with only 20 to 50 parameters, explains Hartl: "The term neural network is perhaps somewhat misleading in this context; of course, a single-celled organism has no neurons. But such simple control systems can be implemented within a cell, for example, by means of very simple physical-chemical circuits that cause a specific area of the microorganism to perform a specific movement."

This simple decentralized control system has now been adapted to the computer in search of the most efficient 'control code' possible that produces the best swimming behaviour. With each version of this control system, the virtual microorganism was allowed to swim in a simulated viscous fluid.

"We were able to show that this extremely simple approach is sufficient to produce highly robust swimming behaviour," says Benedikt Hartl. "Although our system has no central control and each segment of the virtual microorganism behaves according to very simple rules, the overall result is complex behaviour that is sufficient for efficient locomotion."

Biology and technology

This result is not only interesting because it explains the complex behaviour of very simple biological systems, it could also be interesting for artificially produced nanobots: "This means that it would also be possible to create artificial structures that could perform complex tasks with very simple programming," says Andreas Zottl (University of Vienna). "It would be conceivable, for example, to build nanobots that actively search for oil pollution in water and help to remove it. Or even medical nanobots that move autonomously to specific locations in the body to release a drug in a targeted manner."
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AI chip developed for decentralized use without the cloud | ScienceDaily
A new AI chip developed at the Technical University of Munich (TUM) works without the cloud server or internet connections needed by existing chips. The AI Pro, designed by Prof Hussam Amrouch, is modelled on the human brain. Its innovative neuromorphic architecture enables it to perform calculations on the spot, ensuring full cyber security. It is also up to ten times more energy efficient.


						
The professor of AI processor design at TUM has already had the first prototypes produced by semiconductor manufacturer Global Foundries in Dresden. Unlike conventional chips, the computing and memory units of the AI Pro are located together. This is possible because the chip applies the principle of 'hyperdimensional computing': This means that it recognizes similarities and patterns, but does not require millions of data records to learn.

Instead of being shown countless images of cars, as with the deep learning method used in conventional AI chips, this chip combines various pieces of information, such as the fact that a car has four wheels, usually drives on the road, and can have different shapes. Like the new chip, explains Prof. Amrouch, 'humans also draw inferences and learn through similarities.'

An important advantage of brain-like thinking: it saves energy. For the training of a sample task, the new chip consumed 24 microjoules, while comparable chips required ten to a hundred times more energy -- 'a record value,' notes Prof. Amrouch. 'This mix of modern processor architecture, algorithm specialization and innovative data processing makes the AI chip something special.'

This also sets it apart from all-rounders like the chips from industry giant NVIDIA. 'While NVIDIA has built a platform that relies on cloud data and promises to solve every problem, we have developed an AI chip that enables customized solutions. There is a huge market there.'

Neuromorphic chips: Modelled on the human brain

The one square millimeter chip currently costs 30,000 euros. With around 10 million transistors it is not quite as densely packed or as powerful as NVIDIA chips with 200 billion transistors. But that is not Prof. Amrouch's primary concern. His team specializes in AI chips that perform the processing directly on site instead of having to send the data to the cloud to be processed along with millions of other data sets before being sent back again. This saves time and server computing capacity and reduces the carbon footprint of AI.

The chips are also customized for specific applications. 'That makes them very efficient,' says chip expert Amrouch. For example, they focus on processing heartrate and other vital data collected via smartwatch or navigation data of a drone. Because this personal and sometimes sensitive data remains on board the device, issues with stable internet connections or cybersecurity do not even arise. The chip expert is convinced: 'The future belongs to the people who own the hardware.'
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With evolutionary AI, scientists find hidden keys for better land use | ScienceDaily
Using global land use and carbon storage data from the past 175 years, researchers at The University of Texas at Austin and Cognizant AI Labs have trained an artificial intelligence system to develop optimal environmental policy solutions that can advance global sustainability initiatives of the United Nations. The AI tool effectively balances various complex trade-offs to recommend ways of maximizing carbon storage, minimizing economic disruptions and helping improve the environment and people's everyday lives, according to a paper published today in the journal Environmental Data Science.


						
The project is among the first applications of the UN-backed Project Resilience, a team of scientists and experts working to tackle global decision-augmentation problems -- including ambitious sustainable development goals this decade -- through part of a broader effort called AI for Good. University of Texas at Austin computer scientist Risto Miikkulainen, who helped launch Project Resilience, believes the new AI approach, initially focused on land use, can address an even larger set of challenges, from infectious diseases to food insecurity, with artificial intelligence potentially discovering better solutions than humans.

"There's always an outcome you want to optimize for, but there's always a cost," he said. Amid all of the trade-offs, AI can home in on unexpected pathways to desirable outcomes at various costs, helping leaders selectively pick battles and yield better results.

The secret sauce of the researchers' system is evolutionary AI. Inspired by the process of natural selection in biological systems, this computational approach starts with a few dozen policy scenarios and predicts how each scenario will impact various economic and environmental costs. Then, like a digital version of survival of the fittest, policy combinations that don't balance the trade-offs well are killed off, while the best ones are allowed to reproduce, giving rise to hybrid offspring. Random mutations also are sprinkled in to help the system explore novel combinations faster. The process then repeats, winnowing poor performers and keeping the best, across hundreds or thousands of scenarios. Like biological evolution, the "generations" of scenarios become ever-more optimized for a set of priorities.

The team used two tools -- a recently released set of global land use data going back centuries and a model that correlates land use with carbon fluxes. First, they used this data to train a prediction model to correlate location, land use and carbon over time. Second, they developed a prescription model to help decision makers find optimal land-use strategies to reduce climate change.

The AI system's recommendations sometimes surprised the team. Although forests are known to be good at storing carbon, the AI prescription model offered a more nuanced approach than converting as much land as possible into forests, regardless of location. For example, it found that replacing crop land with forest is much more effective than replacing range land (which includes deserts and grasslands). Also, generally, the same land use change at one latitude didn't yield the same benefits as at another latitude. Ultimately, the system recommended that larger changes should be allocated to locations where it mattered more; in essence, it's more effective to pick your battles.

"You can obviously destroy everything and plant forests, and that would help mitigate climate change," said Daniel Young, a researcher at Cognizant AI Labs and a Ph.D. student at UT Austin. "But we would have destroyed rare habitats and our food supply and cities. So we need to find a balance and be smart about where we make changes."

The researchers have turned their model into an interactive tool that decision makers like legislators can use to explore how incentives, such as tax credits for landowners, would be likely to alter land use and reduce carbon.




Land use activities, including agriculture and forestry are estimated to be responsible for nearly a quarter of all human-caused greenhouse gas emissions. Experts believe smart land use changes will be needed to reduce the amount of carbon in the air and thereby slow climate change. According to Miikkulainen and Young, AI offers options that people, businesses and governments otherwise resistant to change may find easier to accept.

An earlier version of the paper was presented at a major machine learning and computational neuroscience conference, NeurIPS, where it won the "Best Pathway to Impact" award at the Climate Change workshop.

The other authors on the paper are Olivier Francon, Elliot Meyerson, Clemens Schwingshackl, Jakob Bieker, Hugo Cunha and Babak Hodjat.
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Invisible currents at the edge: Research team shows how magnetic particles reveal a hidden rule of nature | ScienceDaily
If you've ever watched a flock of birds move in perfect unison or seen ripples travel across a pond, you've witnessed nature's remarkable ability to coordinate motion. Recently, a team of scientists and engineers at Rice University discovered a similar phenomenon on a microscopic scale, where tiny magnetic particles driven by rotating fields spontaneously move along the edges of clusters driven by invisible "edge currents" that follow the rules of an unexpected branch of physics. The research was published in the journal Physical Review Research.


						
"When I saw the initial data -- with streams of particles moving faster along the edges than in the middle -- I said 'these are edge flows!' and we got to work exploring this," said corresponding author Evelyn Tang, assistant professor of physics and astronomy. "What's very exciting is that we can explain their emergence using ideas from topological physics, a field that became prominent due to quantum computers and exotic materials."

In their experiments, the team suspended superparamagnetic colloids -- think tiny magnetic beads about a hundred times smaller than a grain of sand -- in salty water. They then applied a rotating magnetic field, which caused the particles to form crystals in different shapes: Sometimes they formed dense circular clusters, and other times they spread out in sheets with empty holes or "voids."

The experiment got especially interesting when the particles along the outer edges of these shapes started to move faster than the rest, forming a kind of conveyor belt around the border.

"We call this edge flow," said co-first author Aleksandra Nelson, a former postdoctoral fellow in Tang's lab. "It is basically a current that forms naturally around the boundary without anyone pushing it."

To understand why this occurred, the researchers turned to something called topological physics, which is a way of describing systems where movement or behavior is controlled by the overall shape or layout rather than the exact details.

"Topology is like the highway signs that determines the traffic flow," said co-author Sibani Lisa Biswal, the William M. McCardell Professor in Chemical Engineering. "Even if there are construction or potholes, the traffic still flows the same way because the route is set by the system's shape. That's what topology is -- rules that hold up even in messy or noisy conditions."

In this case, the "rules" predicted that rotating magnetic particles would generate movement along the edges of whatever shape they formed -- whether it was a cluster or a void. And that's exactly what the team observed under the microscope.




Interestingly, the type of motion depended on the shape. When particles formed free-floating clusters, the edge flow caused the whole cluster to spin like a tiny wheel. But when the particles formed larger sheets with voids, the edges still had movement, but the overall structure didn't rotate.

Tang explained that this phenomenon happened because in clusters, the particles were free to turn together like dancers in a circle. But in sheets with voids, the surrounding material held them in place, so the edge motion had to spread inward instead of rotating. This difference also changed how quickly the entire system reorganized. Clusters could change shape and merge within minutes, while sheets with voids took much longer.

The ability to control how particles move and organize themselves may seem like a niche discovery, but it has broad implications. Understanding how to direct motion in crowded, dynamic systems could inform the design of responsive materials such as targeted drug delivery, adaptive surfaces or swarms of microbots.

"We're learning how to control collective behavior using simple physical principles," said co-first author Dana Lobmeyer, a recent graduate in Biswal's lab. "This is a step toward creating materials that can sense their environment and respond intelligently without needing a computer or instructions."

Although the experiments used synthetic particles, the team sees parallels in biology too. Many cell clusters rotate during development or healing, raising the possibility that similar physical principles are at work inside living organisms.

"This is the beauty of science," Tang said. "We're taking a concept from fundamental math and statistical physics to apply it to everyday materials. It's a reminder that the same elegant rules can show up right in the lab next door."

This research was supported by the National Science Foundation and The Kavli Foundation.
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Tiny microlaser sensors offer supercharged biosensing | ScienceDaily
Researchers have developed a 3D micro-printed sensor for highly sensitive on-chip biosensing. The sensor, which is based on a polymer whispering-gallery-mode microlaser, opens new opportunities for developing high-performance, cost-effective lab-on-a-chip devices for early disease diagnosis.


						
"In the future, these whispering-gallery-mode microlaser sensors could be integrated into a microfluidic chip to enable a new generation of lab-on-chip devices for ultrasensitive quantitative detection of multiple biomarkers," said research team leader A. Ping Zhang from The Hong Kong Polytechnic University in Hong Kong, China. "This could be used for early diagnosis of diseases such as cancers and Alzheimer's disease or for fighting major health crises, such as the COVID-19 pandemic."

In the Optica Publishing Group journal Optics Letters, researchers describe their new microlaser sensor design, which overcomes many of the challenges that have made it difficult to integrate this type of sensor into lab-on-a-chip systems that could be used for point-of-care medical tests. The researchers also show that the sensor's unique Limacon-shaped disk microcavity enables the detection of extremely small concentrations of human immunoglobulin G (IgG), a common antibody found in blood and other body fluids.

"This innovative microlaser sensor was possible because of our in-house 3D micro-printing technology," said Zhang. "It enables rapid printing of the specially designed 3D whispering-gallery-mode microcavity and high-precision trimming of the suspended microdisk."

Getting microlaser sensors onto a chip

Optical whispering-gallery-mode microlaser sensors work by trapping light in tiny microcavities. When the target molecules bind to the cavity, they cause slight changes in the laser's frequency, allowing highly sensitive biodetection.

One challenge in using these sensors in real-life applications is that coupling light into them typically requires a tapered optical fiber with a diameter smaller than 2 microns. Such tiny fibers are difficult to align and susceptible to various environmental disturbances. This has posed a barrier to integrating such microlaser sensors into lab-on-a-chip devices for real-time, high-sensitivity detection of biomolecules.




Using the light that emits from the microlaser sensor itself is a promising alternative to delivering it via tapered optical fibers, but the circular microcavities of conventional whispering-gallery-mode microlasers make it difficult to efficiently collect the light. This limits how well the sensor's signal can be read.

Printing precision biosensors

To solve this issue, the researchers designed a whispering-gallery-mode microlaser sensor with a Limacon-shaped suspended microdisk. This design gives the sensor a low lasing threshold and produces directional light emission, improving efficiency and making on-chip integration more practical.

Using their in-house 3D micro-printing technology, which has the advantages of high resolution and high flexibility, the researchers were able to rapidly print arrays of whispering-gallery-mode microlaser biosensors. Experiments showed that the biosensors exhibited a very low lasing threshold of 3.87 mJ/mm2 and a narrow lasing linewidth of about 30 pm.The sensors were able to detect IgG with a limit of just attograms per milliliter, showing their potential for ultralow detection of biomarkers used in early disease diagnosis.

Next, the researchers plan to integrate the microlaser sensors into a microfluidic chip to develop optofluidic biochips that could be used for rapid and quantitative detection of multiple disease biomarkers simultaneously.

This work was supported by the Research Grants Council of the Hong Kong SAR, China.
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Researchers find CRISPR is capable of even more than we thought | ScienceDaily
Every living creature on Earth needs to protect itself from things that would do it harm. Bacteria are no different. And despite their relative simplicity, they deploy remarkably savvy defensive strategies against viral invaders. The most well-known is CRISPR-Cas9, adapted for human use as the first FDA-approved genetic editing technique.


						
In the past year, researchers at Rockefeller's Laboratory of Bacteriology, headed by Luciano Marraffini, and at the MSKCC's Structural Biology Laboratory, headed by Dinshaw Patel, have been studying key immune components of some CRISPR systems called CARF effectors. These newly discovered weapons take different approaches to achieving the same goal: arresting cellular activity, which prevents a virus from spreading through the rest of the bacterial population.

In a recent publication in Science, the scientists announce the newest CARF effector they've discovered, which they coined Cat1. Thanks to an unusually complex molecular structure, this protein can deplete a metabolite essential for cellular function. Left without fuel, the viral invader's plans for a further onslaught are brought to a grinding halt.

"The collective work of our labs is revealing just how effective -- and different -- these CARF effectors are," says Marraffini. "The range of their molecular activities is quite amazing."

Multiple defense systems

CRISPR is a mechanism in the adaptive immune systems of bacteria and other certain single-cell organisms that offers protection against viruses, called phages. The six types of CRISPR systems work roughly the same way: A CRISPR RNA identifies foreign genetic code, which triggers a cas enzyme to mediate an immune response, often snipping off the invader material.

But an increasing body of evidence indicates that CRISPR systems deploy a wide variety of defensive strategies beyond genetic scissors. Marraffini's lab has led the way on much of this research. In particular, they have been studying a class of molecules in CRISPR-Cas10 systems called CARF effectors, which are proteins that are activated upon phage infection of a bacterium.




CARF effector immunity is believed to work by creating an inhospitable environment for viral replication. For example, the Cam1 CARF effector causes membrane depolarization of an infected cell, while Cad1 triggers a sort of molecular fumigation, flooding an infected cell with toxic molecules.

Metabolic freeze

For the current study, the researchers wanted to try to identify additional CARF effectors. They used Foldseek, a powerful structural homology search tool, to find Cat1.

They found that Cat1 is alerted to the presence of a virus by the binding of secondary messenger molecules called cyclic tetra-adenylate, or cA4, which stimulate the enzyme to cleave an essential metabolite in the cell called NAD+.

"Once a sufficient amount of NAD+ is cleaved, the cell enters a growth-arrest state," says co-first author Christian Baca, a TPCB graduate student in the Marraffini lab. "With cellular function on pause, the phage can no longer propagate and spread to the rest of the bacterial population. In this way, Cat1 is similar to Cam1 and Cad1 in that they all provide population-level bacterial immunity."

Unique complexity

But while its immune strategy may be similar to these other CARF effectors, its form is not, as co-first author Puja Majumder, a postdoctoral research scholar in the Patel Lab, revealed through detailed structural analysis using cryo-EM.




She found that the Cat1 protein has a surprisingly complex structure in which Cat1 dimers are glued by cA4 signal molecule, forming long filaments upon viral infection, and trap the NAD+ metabolites within sticky molecular pockets. "Once the NAD+ metabolite is cleaved by Cat1 filaments, it's not available for the cell to use," Majumder explains.

But the protein's singular structural complexity doesn't stop there, she adds. "The filaments interact with each other to form trigonal spiral bundles, and these bundles can then expand to form pentagonal spiral bundles," she says. The purpose of these structural components remains to be investigated.

Also unusual is the fact Cat1 often seems to work alone. "Normally in type III CRISPR systems, you have two activities that contribute to the immunity effect," Baca says. "However, most of the bacteria that encode Cat1 seem to primarily rely on Cat1 for their immunity effect."

Marraffini says these findings pose intriguing new questions. "While I think we've proven the big picture -- that CARF effectors are great at preventing phage replication -- we still have a lot to learn about the details of how they do it. It will be fascinating to see where this work leads us next."
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Individual layers of synthetic materials can collaborate for greater impact | ScienceDaily
Millions of years of evolution have enabled some marine animals to grow complex protective shells composed of multiple layers that work together to dissipate physical stress. In a new study, engineers have found a way to mimic the behavior of this type of layered material, such as seashell nacre, by programming individual layers of synthetic material to work collaboratively under stress. The new material design is poised to enhance energy-absorbing systems such as wearable bandages and car bumpers with multistage responses that adapt to collision severity.


						
Many past studies have focused on reverse engineering to replicate the behavior of natural materials like bone, feathers and wood to reproduce their nonlinear responses to mechanical stress. A new study, led by the University of Illinois Urbana-Champaign civil and environmental engineering professor Shelly Zhang and professor Ole Sigmund of the Technical University of Denmark, looked beyond reverse engineering to develop a framework for programmable multilayered materials capable of responding to local disturbances through microscale interconnections.

The study findings are published in the journal Science Advances.

"This work was born out of a discussion with my collaborator, Professor Sigmund, about how we already can achieve some very extreme behaviors, but there's always a physical limit or upper bound that single materials can achieve, even with programming," Zhang said. "That led us to consider what kind of engineering could enable some of the crazy material behaviors needed in real life. For example, extreme buckling behaviors could help dissipate energy for things like car bumpers."

That is when the team turned their attention to biological materials with multiple layers serving a different purpose, and how they could fabricate a synthetic material and use internal, microscale programming and optimization to control its response to mechanical stress and strain.

"We landed on the idea to design multilayered materials with each layer being capable of exhibiting different properties and behaviors," Zhang said.

But not stopping there, the team pushed themselves to include the ability of individual layers to collaborate to essentially behave collectively as one.




"Our new framework presents several advantages over existing methodologies for nonlinear stress-strain responses," Zhang said. "It optimizes nacre-like multiple layers along with their interconnections in a continuum setup, which significantly expands the design space compared to similar work involving a single-layer setup or lattice structures."

During fabrication, the team learned some lessons. The theoretical idea behind this work is to have an infinitely periodic material. Still, the team must fabricate finite units, and it was to be expected that the theoretical material and the actual fabricated material would exhibit different behaviors.

"The discrepancy we found is something that will always happen in real life," Zhang said. "But we can harness this information to intentionally program the sequence of the buckling of each of the individual cells in assembly, store some information inside, and then later we can decode the information. It was fascinating to capture this discrepancy and for it to end up providing information needed to improve the work."

There is still a lot of work to be done to scale up fabrication for this type of material, but Zhang said that one valuable thing learned from this study is that when people collaborate, they achieve much greater things.

"I think it works the same for materials," Zhang said. "When different materials collectively work together, they can do things that are much more impactful than if they do things individually."

Zhang also is affiliated with mechanical science and engineering and the National Center for Supercomputing Applications at Illinois.
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UCF's 'bridge doctor' combines imaging, neural network to efficiently evaluate concrete bridges' safety | ScienceDaily
Necati Catbas doesn't hold a medical degree, but the UCF engineering professor is more than qualified to diagnose the health of bridges using a combination of emerging technologies.


						
Catbas collaborated with his former civil engineering student Marwan Debees '23PhD, who now works as a NASA Bridge Program manager, on newly published research that details how infrared thermography, high-definition imaging and neural network analysis can combine to make concrete bridge inspections more efficient.

Catbas and Debees are hopeful that their findings, recently published in the Transportation Research Record, can be leveraged by engineers through a combination of these methods to strategically pinpoint bridge conditions and better allocate repair costs.

"If we better understand which bridges need more repairs and which bridges may be postponed, then [funding agencies] can use limited funds more wisely, and then we can direct our efforts to the really critical bridges," Catbas says. "We have about 650,000 bridges in the U.S. and we have been working to examine how we can use novel technologies to understand the existing condition of structures."

Debees noted an instance during a NASA bridge load test where Catbas and his team assisted in evaluating the repairs. They determined that the repairs made were sufficient, ultimately, eliminating the next phrase of planned work.

"We're only spending the money where we need to instead of doing it without a comprehensive understanding of the actual conditions of the bridge in the field," Debees says. "The goal is to better understand the conditions of the bridge and have a better priority list of what bridges are really in need."

Diagnosing Concrete Bridges

Catbas says what he and other civil engineers do to assess a structure's overall integrity may be likened to a doctor's diagnostics for a person's wellbeing.




"Structural health monitoring, which is almost like human health monitoring, is where we use different types of equipment to better understand the safety and serviceability of structures," he says.

To help take high-definition images to compare to infrared data, the researchers closely collaborated with NEXCO-West USA. Inc, an imaging and non-destructive evaluation company in Tysons, Virginia, that have specialized vehicles equipped with imaging tools. With the company's support, the research team utilized the infrared data to assess the conditions of bridge components, including the deck, superstructure and substructure.

"As far as the infrared itself, there are some limitations," Debees says. "One of the things in this paper that helped overcome some of these limitations is high-definition images to complement the infrared images."

These technologies that were used in the study by Catbas and Debees provided a more comprehensive record of concrete bridge health.

"Human visualization has limitations," Catbas says. "It's almost like a doctor just looking at you and saying that you look fine when you might really be fine, or you might not be. There may be other problems that the sensors and other technologies can tell you, kind of like when a doctor says he wants more testing, so he sends you to get an X-ray or an MRI. We are taking a similar approach to our bridges."

Bridging the Gap Between Technology and Interpretation

Infrared thermography works by collecting a structure's thermal responses, which can indicate defects within it such as heat loss, moisture intrusion or other structural problems.




To analyze the different parts of the bridge such as the deck, superstructure and substructure, the research team used thermography and image capturing technologies deployed on boats under the bridge and on vehicles traveling across it so that traffic wouldn't be impeded and motorists may continue using the roads.

The combination of visual inspection and imaging is common practice, but Debees says the element of utilizing a neural network and machine learning to decipher the data is something that is an emerging component of inspections. The collective knowledge from experienced engineers doing similar inspections was used to compare the results in the study.

"The way it differs from other utilization is that we are not using just infrared cameras and collecting raw data, but then we have a level of post-processing, and we are eliminating the noise or unnecessary information within the infrared image," Debees says. "Then we use this data to understand where these defects are and then we integrate them within the current required bridge inspection processes. We close the loop by using some decision-making and algorithms with an easy-to-use perceptron neural network to guide the inspector or engineer without spending too much time or data analysis."

The two parts of the paper are how to implement this new technology and how it can be used to accelerate decision making while keeping it accurate and safe, he says.

"When we do bridge inspections, we aim to find ways to accelerate or make it more efficient while also having more data to rely on in the future or in the immediate decision making," Debees says. "We can determine which bridge needs to be evaluated right away, which needs more testing and we can see the significance of the finding quicker."

Crossing Into the Future

Debees says one of the most exciting parts of the research findings is the realization that the framework of multiple inspection techniques can be integrated with collective knowledge and applied to monitor a wide variety of structures.

"We're not limited to concrete bridges," he says. "We can build on this research and applying it with different inspection methods and use it for different infrastructure types. We can try this on concrete buildings, or steel bridges, buildings or other structures."

Using machine learning and collective knowledge to interpret data is something that Debees believes will continue to have a role in inspections even beyond the purview of their study.

"I think what was eye-opening to me is there is room, even outside of conventional inspections, to utilize more decision-making neural networks to standardize the decision-making [process]," he says. "You can make it easier on the people in the field to know where to make decisions on the spot or where to seek more experienced help."

There are ample opportunities to discover even more innovative ways to assess structural health, and Catbas says he gladly looks forward to meeting the next challenge with former students and collaborators like Debees.

"Like other Ph.D. students of mine, we still keep in touch once they graduate and then become my colleague," Catbas says as he turns to Debees. "So, my question is this: 'What are we going to work on next?'"
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AI-powered app enables anemia screening using fingernail selfies | ScienceDaily
Anemia affects more than 2 billion people worldwide, including an estimated 83 million Americans at high risk. Now, a new app delivers reliable, accessible screening directly to consumers.


						
A new study co-authored by Chapman University professor and founding dean of the Fowler School of Engineering, Dr. L. Andrew Lyon, unveils a major advancement in noninvasive health technology: a smartphone app that uses artificial intelligence and a photo of a user's fingernail to detect anemia..

Published in the journal Proceedings of the National Academy of Sciences (PNAS), the study demonstrates that this noninvasive, AI-augmented app provides hemoglobin estimates that rival traditional lab testing. With more than 1.4 million tests performed by over 200,000 users, the app represents a scalable, low-cost solution that broadens access to anemia screening, especially in underserved and remote communities.

With increased access, this app brings reliable screening directly into the hands of consumers, enabling real-time health monitoring and earlier intervention, empowering users to make informed decisions without waiting for lab results. While not intended for self-diagnosis, the app helps users understand when to consult a healthcare provider.

The app is particularly valuable for those with chronic anemia, such as people with kidney disease or cancer, who often require frequent monitoring. The study showed that personalized app use in these patients improved accuracy by nearly 50%, enabling safer, easier at-home management.

"This research, more than eight years in the making, represents a meaningful step toward improving accessibility in healthcare," said Dr. Lyon. "It's a testament to long-term collaboration and a commitment to empowering patients through innovation."

Key findings:
    	4 M+ tests performed using smartphone cameras and AI-powered fingernail analysis.
    	Hemoglobin (Hgb) estimates showed a mean absolute error of +-0.72 g/dL, improving to +-0.50 g/dL in users with Hgb >10 g/dL.
    	Geolocation data enabled the first county-level anemia prevalence map in the U.S.
    	App personalization for chronic anemia patients improved accuracy (from +-1.36 to +-0.74 g/dL).
    	Users can now track their hemoglobin levels at home, reducing the need for frequent clinic visits.
    	Traditional blood testing is time-consuming, expensive, and requires clinical infrastructure. This tool offers a low-cost, noninvasive alternative with massive scalability.
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Designing the future of clean energy: Janus heterobilayers lead the way | ScienceDaily
What if there was an efficient method to produce a viable, environmentally friendly alternative to fossil fuels using the power of sunlight? A significant discovery by researchers at Tohoku University and the University of Science, Vietnam National University -- Ho Chi Minh City (VNU-HCM) could bring us one step closer. The team identified critical factors in two-dimensional (2D) Janus heterobilayers for green energy conversion. Among the investigated materials, a WS2-SMoSe heterobilayer stood out, with an impressive solar-to-hydrogen conversion efficiency of 16.62%, surpassing many existing materials, most of which have efficiencies below 15%.


						
Photocatalytic water splitting harnesses sunlight to break down water molecules into hydrogen and oxygen. This clean hydrogen fuel can power vehicles and homes, significantly reducing greenhouse gas emissions and helping to combat global warming. However, traditional materials face substantial challenges in photocatalysis, including low efficiency and rapid electron-hole recombination. This innovation addresses those issues head-on, paving the way for a more sustainable future.

A team led by Nguyen Tuan Hung, an assistant professor at the Frontier Research Institute for Interdisciplinary Science (FRIS) at Tohoku University, and Vu Thi Hanh Thu, an associate professor at VNU-HCM, has been exploring exciting combinations of Janus and transition-metal dichalcogenide (TMDC) materials.

They examined 20 different pairings and confirmed that Janus heterobilayers are promising candidates for water splitting. Unlike traditional 2D materials, these unique Janus TMDCs feature different chalcogenide elements on each side, which creates intrinsic dipoles and strong internal electric fields. These natural electric fields enhance the separation of electric charges generated by sunlight, resulting in a significant boost in the photocatalytic performance of these materials. By uncovering the principles of atomic arrangement, we can provide definitive guidance for selecting optimal materials for photocatalytic solar conversion.

"Combining TMDCs with Janus layers is akin to building with LEGO -- there are almost countless configurations to try. Our methodology allows us to efficiently and precisely identify the most promising material combinations for water splitting, dramatically speeding up the discovery process," asserted first author Nguyen Tran Gia Bao (VNU-HCM).

"Our findings offer a fresh perspective on sustainable hydrogen production, supporting both environmental protection and energy independence," stated Nguyen Tuan Hung. "The team is committed to exploring further combinations of materials in future research to discover the most sustainable option out there."
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Hazardous reactions made safer through flow technology | ScienceDaily
Researchers at the University of Liege (BE) have designed a high-performance, open-access continuous flow process to safely produce key antibacterial drugs from bio-based furfural. This work was carried out within an international consortium supported by the U.S. Food and Drug Administration (FDA). The results of the study -- published in Angewandte Chemie International Edition -- are available in open access.


						
Nitration reactions are among the most hazardous in chemistry. In addition to their explosive nature, conventional nitrating agents are highly aggressive and poorly suited to sensitive bio-based molecules. Furfural, a key precursor for nitrofuran antibiotics, is a fragile biomass-derived compound. Traditional methods often lead to poor yields, inconsistent reproducibility, and significant safety risks.

To address these challenges, researchers from CiTOS (Center for Integrated Technology and Organic Synthesis) developed an automated continuous flow platform for the in situ generation and immediate use of acetyl nitrate -- a milder, more selective nitrating agent. This enables the rapid, scalable, and much safer synthesis of nitrofuran drug precursors.

"This platform combines advanced automation with practical simplicity," explains Prof. Jean-Christophe Monbaliu, Director of CiTOS. "It can be remotely operated by a single person and delivers high-quality results, representing a major step toward safer pharmaceutical manufacturing. In addition, we can produce multiple nitrofuran-based drugs using the same setup."

The process uses furfural, a compound derived from biomass and identified by the U.S. Department of Energy as a high-value bio-based molecule. It is transformed via nitration using acetyl nitrate within a series of interconnected flow modules equipped with real-time IR/UV analytical tools, temperature and pressure sensors, and an automated separation unit. "Acetyl nitrate is extremely dangerous when handled or stored," adds Loic Bovy, PhD student and co-author of the study. "But by generating it in situ and consuming it instantly in flow, we eliminate the risk while maintaining full control."

The system was successfully tested on four antibacterial compounds listed by the World Health Organization, all produced in under five minutes with excellent purity and high yield. "This is not just a chemical process -- it offers a complete and open-access solution," says Hubert Hellwig, senior postdoctoral researcher and lead author of the study. "We designed custom modules, electronics, and control systems to make this platform safe, scalable, and reproducible -- and all data was made freely available."

With this automated continuous flow system developed at CiTOS, it is now possible to efficiently and safely produce key antibacterial drugs from biomass-derived furfural. By reducing the risks associated with nitration, this open-access solution paves the way toward a safer, more sustainable and more efficient pharmaceutical industry.
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New model for more accurate landslide prediction | ScienceDaily
The Hong Kong University of Science and Technology (HKUST) announced today that a research team from its School of Engineering has developed a groundbreaking computational model to study the movement of granular materials such as soils, sands and powders. By integrating the dynamic interactions among particles, air and water phases, this state-of-the-art system can accurately predict landslides, improve irrigation and oil extraction systems, and enhance food and drug production processes.


						
The Challenge of Predicting Granular Materials

The flow of granular materials -- such as soil, sand and powders used in pharmaceuticals and food production -- is the underlying mechanism governing many natural settings and industrial operations. Understanding how these particles interact with surrounding fluids like water and air is crucial for predicting behaviors such as soil collapse or fluid leakage. However, existing models face challenges in accurately capturing these interactions, especially in partially saturated conditions where forces like capillary action and viscosity come into play.

PUA-DEM: A Paradigm Shift in Granular Modelling 

To address these challenges, a team led by Prof. ZHAO Jidong from the Department of Civil and Environmental Engineering at HKUST has developed the Pore Unit Assembly-Discrete Element Model (PUA-DEM). Unlike conventional models that often rely on oversimplified one-way coupling (e.g., static particles), PUA-DEM incorporates rigorous physical principles to govern the dynamic interactions among particles, air, and water phases. This allows for robust multi-way coupling that accurately captures fluid flow, particle movement, and evolving stress and pressure across the entire spectrum of saturation conditions -- from fully saturated to completely dry states.

Rooted in fundamental physics, the high-fidelity model is the first of its kind, achieving exceptional precision in predicting complex multiphase behaviors. It holds significant potential to advance applications in geotechnical engineering, environmental science, and many industrial processes.

Broad Applications Across Industries

The team is now exploring collaboration opportunities with the government and industry to apply their model to real-world challenges. That includes developing an early landslide warning system, optimizing irrigation strategies through simulations of water retention and root-soil interactions, and enhancing carbon sequestration and oil extraction efficiency with the model's accurate multiphase flow predictions. Its precise control of powder processing also offers transformative potential for pharmaceutical manufacturing, enabling safer, more effective, and efficient drug production with enhanced consistency in dosage forms, which is critical for improving therapeutic efficacy and patient outcomes. The model's capabilities may also extend to the food industry, potentially revolutionizing the design and processing of granular products like coffee, sugar, and infant formula by optimizing texture, dissolution rates, and shelf stability while reducing waste and energy consumption.




Prof. Zhao explained, "PUA-DEM represents a paradigm shift in modeling unsaturated granular systems. By resolving pore-scale fluid-solid interactions, we can now predict how microscopic processes -- like capillary bridge formation and particle swelling, govern macroscopic behaviors such as soil collapse or fluid leakage in energy reservoirs. This opens new avenues for designing safer infrastructures, optimizing agricultural practices, improving pharmaceutical manufacturing, and addressing energy-related engineering challenges."

Future Directions: Expanding PUA-DEM's Capabilities

Looking ahead, Dr. Amiya Prakash DAS, the first author of this work and a recent HKUST PhD graduate, said the team planned to expand PUA-DEM's capabilities. "In the next stage of our research, we aim to incorporate irregular particle shapes and wettability effects, further narrowing the gap between laboratory findings and field-scale applications. Future work will also explore hybrid computational strategies to model reactive transport and drying-induced cracking," he said.

The study was conducted in collaboration with Dr. Thomas SWEIJEN of Utrecht University, Netherlands.
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New auditory brainstem implant shows early promise | ScienceDaily
A new study co-led by Mass General Brigham researchers points to a promising new type of auditory brainstem implant (ABI) that could benefit people who are deaf due to Neurofibromatosis type 2 (NF2) and other severe inner ear abnormalities that prevent them from receiving cochlear implants. With further tests and trials, researchers hope it will provide a more effective treatment alternative than what is currently used.


						
In the new research, published in Nature Biomedical Engineering, scientists at Mass Eye and Ear, a member of the Mass General Brigham healthcare system, collaborated with scientists at the Ecole Polytechnique Federale de Lausanne (EPFL) in Geneva, Switzerland, to report on a new class of soft, flexible ABIs that were designed to address the limitations of those currently used. These implants bypass damaged auditory structures and directly stimulate the brainstem's sound-processing region to restore auditory function.

The new ABI was borne out of a decade-long collaboration between Mass Eye and Ear and EPFL scientists. It features an elastic, multilayer construct that includes ultra-thin platinum electrodes and silicone, a novel design that allows it to conform closely to the brainstem's curved surface.

Conventional ABIs that are sometimes used in patients with NF2 rely on stiff electrodes that struggle to conform to the curved surface of the cochlear nucleus in the brainstem. That limits their effectiveness to modest benefits, typically providing only basic sound awareness to aid lip reading. The design can also cause side effects like discomfort that discourages long-term use.

The novel, soft electrode design was developed using advanced thin-film processing techniques, allowing for closer contact and more precise stimulation. In preclinical tests conducted in Switzerland, two macaques received the implants and underwent several months of behavioral testing. Results showed the animals could consistently distinguish between different patterns of stimulation -- which indicated high-resolution auditory perception, a promising sign for eventual human use.

"While cochlear implants are life-changing for many, there remains a group of patients for whom current technology falls short," said study co-senior author Daniel J. Lee, MD, FACS, Ansin Foundation Chair in Otolaryngology at Mass Eye and Ear. "Our research lays the groundwork for a future auditory brainstem implant that could improve hearing outcomes and reduce side effects in patients who are deaf and do not benefit from the cochlear implant."
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Log in to your computer with a secret message encoded in a molecule | ScienceDaily
Molecules like DNA are capable of storing large amounts of data without requiring an energy source, but accessing this molecular data is expensive and time consuming. Publishing May 16 in the Cell Press journal Chem, researchers have developed an alternative method to encode information in synthetic molecules, which they used to encode and then decode an 11-character password to unlock a computer.


						
"Molecules can store information for very long periods without needing power. Nature has given us the proof of principle that this works," says corresponding author and electrical engineer Praveen Pasupathy of the University of Texas at Austin. "This is the first attempt to write information in a building block of a plastic that can then be read back using electrical signals, which takes us a step closer to storing information in an everyday material."

Traditional storage devices like hard drives and flash drives have drawbacks, such as high maintenance costs, energy consumption, and short lifespans that make them unsuitable for long-term data archiving. Molecules could provide an alternative option, and prior studies have shown that DNA and synthetic polymers can be designed to effectively store information. However, decoding these molecules usually involves expensive pieces of equipment, for example, mass spectrometers.

To make molecular messages that are easier to write and read, the team decided to try a different approach: designing molecules that contain electrochemical information -- a method that allows messages to be decoded using electrical signals.

"Our approach has the potential to be scaled down to smaller, more economical devices compared to traditional spectrometry-based systems," says senior author and chemist Eric Anslyn of the University of Texas at Austin. "It opens exciting prospects for interfacing chemical encoding with modern electronic systems and devices."

To start, the team built an alphabet of characters using four different monomers, or molecular building blocks with different electrochemical properties. Each character was composed of different combinations of the four monomers, which yielded a total of 256 possible characters. To test the method, they used the molecular alphabet to synthesize a chain-like polymer representing an 11-character password ('Dh&@dR%P0WC/'), which they subsequently decoded using a method based on the molecules' electrochemical properties.

The team's decoding method takes advantage of the fact that certain chain-like polymers can be broken down by removing one building block at a time from the end of the chain. Since the monomers were designed to have unique electrochemical properties, this step-by-step degradation results in electrical signals that can be used to decipher the sequential identity of the monomers within the polymer.




"The voltage gives you one piece of information -- the identity of the monomer currently being degraded -- and so we scan through different voltages and watch this movie of the molecule being broken down, which tells us which monomer is being degraded at which point in time," says Pasupathy. "Once we pinpoint which monomers are where, we can piece that together to get the identities of the characters in our encoded alphabet."

One downside of the method is that each molecular message can only be read once, since decoding the polymers involves degrading them. The decoding process also takes time -- around 2.5 hours for the 11-character password -- but the team are working on methods to speed up the process.

"While this method does not yet overcome the destructive or time-intensive aspects of sequencing, it takes a first step toward the ultimate goal of developing portable, integrated technologies for polymer-based data storage," says Anslyn. "The next step is to interface the polymers with integrated circuits, where the computer chips become the readout system for the stored information."

This research was supported by the Keck Foundation, the National Science Foundation, the ARO, and the Welch Reagents Chair.
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New gene editor enables greater precision | ScienceDaily
Ask scientists what gene editing tool is most needed to advance gene therapy, and they'd probably describe a system that's now close to realization in the labs of Samuel Sternberg at Columbia University Vagelos College of Physicians and Surgeons and David Liu at the Broad Institute of MIT and Harvard.


						
The gene editor -- called evoCAST -- goes a long way toward solving a problem that has confounded the development of gene therapies from the field's beginnings: How to add long stretches of DNA to defined locations in the human genome without creating unwanted modifications.

The latest iteration of the editor, which utilized complex enzymes found in bacteria, can be programmed to insert an entire gene -- or multiple genes -- into a specific location in the human genome with an efficiency suitable for gene therapy. Details of the editor are described in a paper published May 15 in Science.

The need for an advanced gene editor

CRISPR-Cas, viruses, and other editing systems have enabled dozens of genetic medicines now being developed for patients, but all current methods have drawbacks. Some methods are precise but only make small corrections. Viruses, the most frequently used method in gene therapy, can insert complete genes, but does so randomly while activating immune responses.

A tool like evoCAST could make gene therapy more reliable and efficient, particularly for diseases like cystic fibrosis and hemophilia that are caused by any one of thousands of different mutations.

"Hundreds to thousands of different mutations in the CFTR gene can cause cystic fibrosis, for example, so an inordinate number of distinct gene editing drugs would be needed to ensure each patient could be treated," says Sternberg. "Instead, something like evoCAST could enable a single gene therapy that inserts a complete and healthy gene into the patient's genome.




"There's more work to be done, but evoCAST represents a milestone in the development of these systems for permanently installing a complete, healthy gene, regardless of the underlying genetic defect."

The new system could also enable simpler and more accurate gene editing in other medical and research applications, including the production of CAR T-cell therapies for cancer treatment, and transgenic cell lines and model organisms needed for biomedical research.

New editor developed from "jumping genes"

evoCAST is based on a natural system the Sternberg lab discovered several years ago in bacteria that allows genes to jump into new locations in the bacterial genome. (Jumping genes -- also known as transposons -- can benefit a species by generating genetic diversity).

The lab recognized that several features of CASTs (CRISPR-associated transposases) made them attractive as potential gene editing systems. One advantage is the ability to insert large pieces of DNA without breaking the chromosome in the process, which can introduce serious, unintended errors. Another is the system's "programmability," which directs insertions to any location in the genome specified by the researcher.

Adapting the bacterial system for use in human cells proved challenging. Sternberg's graduate student, George Lampe, successfully developed the system to work in human cells, but early versions of the technology functioned with low efficiency.




Sternberg had expected the difficulty. "CAST systems exist to help mobile genes jump around the genome over evolutionary times scales. They're not under selective pressure to act efficiently, so we reasoned there would be a greater need to squeeze more activity out of these systems compared to CRISPR-Cas9, which evolved into a very potent and efficient system to save bacteria from viral infections."

Artificial evolution improves gene editing

Instead of guessing what changes could improve their system, Sternberg and Lampe turned to David Liu, a molecular biologist and organic chemist at Harvard and the Broad Institute, who established a laboratory technique, PACE, that accelerates the evolution of proteins. Lampe pushed the performance of the system to a point that made PACE a viable option, and Isaac Witte and Simon Eitzinger, two graduate students in Liu's lab, moved the system into PACE, which enabled hundreds of rounds of evolution to be performed with minimal intervention.

"PACE turbocharges evolution and improves enzymes beyond what researchers can typically accomplish with targeted, rationally designed modifications," Lampe says. "The mutations acquired through PACE vastly improved the performance of the entire CAST system."

After hundreds of evolutionary generations, the new evoCAST system is able to edit 30% to 40% of cells, a huge increase from the original system's lower editing rates.

Next steps

The evoCAST system has already achieved efficiencies that are suitable for some gene editing and gene therapy applications, and the researchers are looking to begin testing their system in more relevant model systems.

At the same time, the team is continuing to make improvements, including changes to other evoCAST components, to further improve editing efficiencies.

But one of the biggest challenges right now for evoCAST, and other large DNA editing tools under development, is delivery.

"How do we actually get these tools and their payloads into the cells or tissues of interest?" Sternberg says. "That's a challenge that many of us in the field are facing."
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New insights into quantum physics | ScienceDaily
Konstantin Vodopyanov, a professor at the College of Sciences and CREOL, the College of Optics and Photonics, recently co-authored a study published in the journal Optica. This research examines electro-optic sampling (EOS), a technique that advances fields such as quantum physics, molecular spectroscopy and biomedical sensing.


						
As a professor at the two colleges, Vodopyanov shows how working across different fields can lead to new ideas. The Optica Fellow's research, which combines interdisciplinary work, is shaping the future of quantum physics and other areas of science.

His new study explores how EOS transmits ultrashort laser pulses through crystals that change in response to an applied electric field. This technique allows researchers to accurately capture the shape and timing of electric fields across a broad range of frequencies.

This technique allows researchers to see molecules clearer than ever before, says Vodopyanov, who is UCF's 21st Century Scholar Endowed Chair.

"By using an optical pulse shorter than half a light wave's cycle to probe it, the amplitude and phase of the wave can be fully characterized," he says. "This technique unlocks the ability to study ultrafast phenomena and capture molecular spectra with unprecedented resolution."

When compared to other methods, Vodopyanov explains how EOS offers higher sensitivity, allowing it to detect faint signals more effectively.

"Moreover, thanks to its exceptional sensitivity, it can even detect vacuum fluctuations -- the elusive 'zero-point motion' of the electromagnetic field -- providing profound insights into the foundations of quantum physics," he says.




The study explains new techniques to enhance EOS effectiveness, and Vodopyanov says there's significant potential for advancements. With continuous developments, he highlights several promising directions for further research.

"Looking ahead, future developments include extending EOS to the deep and extreme ultraviolet ranges, detecting squeezed vacuum states and enabling quantum field tomography in space-time," Vodopyanov says.

He adds that research can reveal more with the progression of technology and insights on how light behaves.

"Innovations such as on-chip terahertz-wave detectors and investigations into quantum statistics and relativistic effects promise to further expand the capabilities of this powerful technique," says Vodopyanov, who leads the Mid-Infrared Frequency Combs Lab at CREOL.

Vodopyanov's work is not only a breakthrough -- it strengthens UCF's position as a leader in innovation and research. By advancing techniques like EOS, Vodopyanov and his collaborators are creating opportunities for new discoveries that could transform industries ranging from quantum physics to medical diagnostics. In the latter case, using frequency comb spectroscopy combined with EOS makes it possible to perform real-time spectroscopic analysis of multiple volatile biomarkers in exhaled human breath. This is a helpful tool in early diagnosis of multiple health conditions.
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        Shrinking Nemo: Clownfish survive heatwaves by shrinking
        Clownfish have been shown to shrink in order to survive heat stress and avoid social conflict, research reveals.

      

      
        Plant cell sculptors
        New research has shed light on how plants precisely control their growth and development, revealing that seemingly similar molecular components fulfill surprisingly different jobs.

      

      
        Personal space chemistry suppressed by perfume and body lotion indoors
        In 2022 a team discovered that high levels of OH radicals can be generated indoors, simply due to the presence of people and ozone. This means: People generate their own oxidation field and change the indoor air chemistry around them within their own personal space. Now, in a follow-up study again in cooperation with an international research team, they found that commonly applied personal care products substantially suppress a human's production of OH radicals. These findings have implications f...

      

      
        Bed-netting prototypes to target malaria-causing parasites
        Scientists have fabricated two bed netting prototypes targeting malaria-causing blood parasites. They designed netting systems to deliver antimalarial drugs called Endochin-like Quinolones (ELQs) that destroy Plasmodium parasites transmitted by mosquitoes.

      

      
        Imaging technique removes the effect of water in underwater scenes
        SeaSplat is an image-analysis tool that cuts through the ocean's optical effects to generate images of underwater environments reveal an ocean scene's true colors. Researchers paired the color-correcting tool with a computational model that converts images of a scene into a three-dimensional underwater 'world' that can be explored virtually.

      

      
        Enormous boulder washed inland a sign of Pacific tsunami history
        Analysis has shown a boulder weighing almost 1,200 tons in Tonga is one of the largest known wave-transported rocks in the world, providing new insights into the Pacific region's history and risk of tsunamis.

      

      
        Unlocking the secrets of bat immunity
        Bats are known as natural hosts for highly pathogenic viruses such as MERS- and SARS-related coronaviruses, as well as the Marburg and Nipah viruses. In contrast to the severe and often fatal disease outcomes these viruses cause in humans, bats generally do not show obvious signs of viral illness following infection. An international research team has developed an innovative organoid research platform that allowed them to closely investigate the cellular antiviral defense mechanisms of mucosal ep...

      

      
        Engineered bacteria can deliver antiviral therapies, vaccines
        New research demonstrates how specially engineered bacteria taken orally can operate as a delivery system for vaccines and antiviral therapies.

      

      
        How to use AI to listen to the 'heartbeat' of a city
        Researchers took a fresh approach to urban research by using artificial intelligence to explore the emotional side of city life. Their goal was to better understand the link between a city's physical features and how people feel in those environments.

      

      
        Fool's gold: A hidden climate stabilizer
        Researchers look to extremes in the past to study how the system reacts to imbalances. They detail an overlooked mechanism for how the ocean can help stabilize massive releases of carbon into the atmosphere following volcanic eruptions.

      

      
        A new technology for extending the shelf life of produce
        Researchers developed a way to extend the shelf life of vegetables by injecting them with melatonin using biodegradable microneedles.

      

      
        Live view: Stress-induced changes in generations of cancer cells
        Cancer cells respond to stress with greater diversity. Drugs that affect DNA replication, or radiation that causes direct DNA damage, lead to increasingly diverse offspring over multiple cell generations. This increases the tumor's genetic complexity and facilitates the development of resistance to therapy. Researchers have now investigated the emergence of cellular diversity in real time.

      

      
        Extreme weather cycles change underwater light at Lake Tahoe
        Large shifts in UV radiation at Lake Tahoe are associated with wet and dry climate extremes, finds a new study.

      

      
        Taking the guesswork out birdsong evolution
        Biologists recently announced that they have released the first broad scale, comparative, fine-grained analysis linking the amplitude, or volume, of a birds' song to its vocal frequency, or pitch. Though biologists have long wondered whether birds are able to control their pitch as they get louder or if their vocal abilities are mechanically limited, until now there has been no wide-ranging data with which to probe this aspect of the evolutionary history of birdsong.

      

      
        On the origin (and fate) of plants that never bloom
        Plants that reproduce exclusively by self-pollination arise from populations with extremely low diversity to begin with. The research not only adds a facet to possible evolutionary strategies, but also lends weight to Darwin's suspicion that this strategy might be a path to extinction.

      

      
        A new complexity in protein chemistry
        Proteins are among the most studied molecules in biology, yet new research shows they can still hold surprising secrets. Researchers have discovered previously undetected chemical bonds within archived protein structures, revealing an unexpected complexity in protein chemistry. These newly identified nitrogen-oxygen-sulphur (NOS) linkages broaden our understanding of how proteins respond to oxidative stress, a condition where harmful oxygen-based molecules build up and can damage proteins, DNA, a...

      

      
        Landmark report reveals key challenges facing adolescents
        Poor mental health, rising obesity rates, exposure to violence and climate change are among the key challenges facing our adolescents today, according to a global report.

      

      
        How to solve a bottleneck for CO2 capture and conversion
        New research could improve the efficiency of electrochemical carbon-dioxide capture and release by six times and cut costs by at least 20 percent. Researchers added nanoscale filtering membranes to a carbon-capture system, separating the ions that carry out the capture and release steps, and enabling both steps to proceed more efficiently.

      

      
        Common diabetes drug helps chickens lay more eggs
        What do chickens and people with a common reproductive disorder have in common? More than one might think -- and a widely-used diabetes medication might just be the surprising link.

      

      
        Molecules in blood and urine could reveal how much ultra-processed food you eat
        Sets of metabolites found in blood and urine reliably correspond with how much energy from ultra-processed food a person consumes, according to a new study.

      

      
        How membranes may have brought about the chemistry of life on Earth
        A team of researchers studied the properties of membranes to understand how these cellular structures influenced the chemistry of life on Earth as it began.

      

      
        Does renewable energy reduce fossil fuel production in the US?
        Increasing renewable energy may not reduce the use of fossil fuels in the United States, according to a new study .

      

      
        Selenium exposure during pregnancy may reduce childhood streptococcal infections
        Higher maternal selenium levels during pregnancy were associated with a lower risk of streptococcal infections in children, suggesting a potential protective effect.

      

      
        Clouding the forecast: Study reveals why so many climate models are wrong about the rate of Arctic warming
        The Arctic is one of the coldest places on Earth, but in recent decades, the region has been rapidly warming, at a rate three to four times faster than the global average. However, current climate models have been unable to account for this increased pace. Now, researchers have reported that clouds may be to blame.

      

      
        Scientific breakthrough brings CO2 'breathing' batteries closer to reality
        Scientists have made a breakthrough in eco-friendly batteries that not only store more energy but could also help tackle greenhouse gas emissions. Lithium-CO2 'breathing' batteries release power while capturing carbon dioxide, offering a greener alternative that may one day outperform today's lithium-ion batteries.

      

      
        Forest management can influence health benefits
        Forests play a crucial role in promoting health and wellbeing, but not all forests provide the same benefits. A large-scale study demonstrates how specific forest characteristics -- such as canopy density and tree species diversity -- can affect various health outcomes.

      

      
        Household action can play major role in climate change fight
        Encouraging people in North America and Sub-Saharan Africa to adopt a low-carbon lifestyle could help to cut global household emissions of planet-warming carbon dioxide by up to two-fifths, a new study reveals.

      

      
        New research reveals Puff adders as an important conservation and rodent control solution
        New research has revealed that puff adders (Bitis arietans) can be highly efficient at controlling rodent populations that threaten agricultural production on the continent.

      

      
        Advanced genomics study improves detection of hard-to-find diarrheal infections
        A study has used advanced genetic and genomic techniques to offer a major step forward in understanding and diagnosing infectious intestinal diseases. The large-scale study analyzed more than 1,000 stool samples from people with diarrheal illness to harness two cutting edge tools. The study used metagenomic (DNA-based) and metatranscriptomic (gene or RNA-based) sequencing. Unlike traditional methods, these techniques do not rely on growing organisms in a lab. Instead, they detect and analyze the ...

      

      
        Asian elephants have larger brains than their African relatives
        African elephants are the largest land animals on earth and significantly larger than their relatives in Asia, from which they are separated by millions of years of evolution. Nevertheless, Asian elephants have a 20 percent heavier brain, as scientists were able to demonstrate. They also showed that elephant brains triple in weight after birth. These results provide potential explanations for behavioral differences between African and Asian elephants as well as for the pachyderms' long youth, dur...

      

      
        Wild spinach offers path to breed disease resistance into cultivated varieties
        Several varieties of wild spinach that originated in Central Asia show resistance to a destructive soil-borne pathogen that beleaguers growers of spinach seed in the Pacific Northwest -- a finding that can be used to breed hardier crops.

      

      
        'Sharkitecture:' A nanoscale look inside a blacktip shark's skeleton
        Using synchrotron X-ray nanotomography with detailed 3D imaging and in-situ mechanical testing, researchers are peering inside shark skeletons at the nanoscale, revealing a microscopic 'sharkitecture' that helps these ancient apex predators withstand extreme physical demands of constant motion. After hundreds of millions of years of evolution, scientists can now finally see how shark cartilage works at the nanoscale -- and learn from them.

      

      
        Cool science: Researchers craft tiny biological tools using frozen ethanol
        Imagine drawing on something as delicate as a living cell -- without damaging it. Researchers have made this groundbreaking discovery using an unexpected combination of tools: frozen ethanol, electron beams and purple-tinted microbes. By advancing a method called ice lithography, the team was able to etch incredibly small, detailed patterns directly onto fragile biological surfaces.

      

      
        Agrivoltaics enjoys comparatively high acceptance
        Photovoltaic systems are increasingly being installed not only on roofs but also on open land. This does not always meet with citizens' approval. What is known as agrivoltaics (Agri-PV), however, is viewed more favorably, as researchers have now been able to show. In this case, the solar cells are installed in spaces used for agriculture -- such as on pastures or as a canopy over grapevines. According to a survey of almost 2,000 people, this form enjoys much higher acceptance than normal solar pa...

      

      
        Why some viral infections appear to trigger autoimmune disease
        By studying Chikungunya virus, scientists shed light on how immune responses to viral infections may lead to persistent symptoms of autoimmune disease.

      

      
        Native turtles return to Yosemite after removal of invasive bullfrogs
        After invasive American bullfrogs 'croak,' native turtles return to Yosemite, finds a new study.

      

      
        Thousands of animal species threatened by climate change
        A novel analysis suggests more than 3,500 animal species are threatened by climate change and also sheds light on huge gaps in fully understanding the risk to the animal kingdom.

      

      
        Eating craved foods with meals lessens cravings, boosts weight loss
        Small clinical study with obese dieters who had chronic health problems found that eating balanced meals and including craved foods with those meals helped dieters manage cravings, even into the yearlong maintenance phase of the program.

      

      
        Surprise baby whale sightings reveal there's still much to learn about humpbacks
        Humpback whales are not always born in tropical waters, new research has shown -- challenging long-held assumptions about their breeding and migration behaviors, while raising new questions for marine conservation.

      

      
        Research team traces evolutionary history of bacterial circadian clock on ancient Earth
        To better understand the circadian clock in modern-day cyanobacteria, a research team has studied ancient timekeeping systems. They examined the oscillation of the clock proteins KaiA, KaiB, and KaiC (Kai-proteins) in modern cyanobacteria, comparing it to the function of ancestral Kai proteins.

      

      
        Bees facing new threats, putting our survival and theirs at risk
        A new report identifies the top 12 emerging threats that could accelerate pollinator losses within the next 5-15 years, according to ten of the world's leading experts.

      

      
        A head and a hundred tails: How a branching worm manages reproductive complexity
        Scientists have uncovered the genetic underpinnings of one of the ocean's most bizarre animals: a branching marine worm named Ramisyllis kingghidorahi that lives inside sea sponges and reproduces in a truly extraordinary way. Living hidden in tropical waters, this worm grows multiple body branches within a host sponge, each tail capable of producing separate living reproductive units called 'stolons'. But how does a single animal coordinate reproduction across so many branches?

      

      
        Investment risk for energy infrastructure construction is highest for nuclear power plants, lowest for solar
        The average energy project costs 40% more than expected for construction and takes almost two years longer than planned, finds a new global study. One key insight: The investment risk is highest for nuclear power plant construction and lowest for solar. The researchers analyzed data from 662 energy projects built between 1936 and 2024 in 83 countries, totaling $1.358 trillion in investment.

      

      
        Genomic data shows widespread mpox transmission in West Africa prior to 2022 global outbreak
        Historically, most human mpox infections have resulted from zoonotic transmission --m eaning from animals to humans -- and these spillovers have rarely led to human-to-human transmission. But during the 2022 global outbreak, mpox began spreading readily between people. A new study now shows the virus was circulating long before then.

      

      
        Fast food, fast impact: How fatty meals rapidly weaken our gut defenses
        A study has become the first in the world to unravel the immediate effects of a high-fat diet on our gut health.

      

      
        Scientists describe 71 new Australian bee species
        A team of researchers has discovered 71 new native bee species belonging to the resin pot bees, or Megachile (Austrochile), which are unique to Australia and present in every state and territory except Tasmania.

      

      
        'Cutting to survive': How cells remove DNA bridges at the last moment
        Scientists have elucidated the molecular mechanism by which LEM-3 cuts DNA bridges during cytokinesis.

      

      
        Survival trick: Pathogen taps iron source in immune cells
        The body defends itself against pathogens by depriving them of vital iron. However, this strategy doesn't always succeed against Salmonella. Researchers have discovered that these bacteria specifically target iron-rich regions within immune cells to replicate. Their findings on how pathogens evade the immune defense are important for fighting infections.

      

      
        Cover crops may not be solution for both crop yield, carbon sequestration
        People have assumed climate change solutions that sequester carbon from the air into soils will also benefit crop yields. But a new study finds that most regenerative farming practices to build soil organic carbon -- such as planting cover crops, leaving stems and leaves on the ground and not tilling -- actually reduce yields in many situations.

      

      
        Glaciers will take centuries to recover even if global warming is reversed, scientists warn
        New research reveals mountain glaciers across the globe will not recover for centuries -- even if human intervention cools the planet back to the 1.5 C limit, having exceeded it.
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Shrinking Nemo: Clownfish survive heatwaves by shrinking | ScienceDaily
Clownfish have been shown to shrink in order to survive heat stress and avoid social conflict, Newcastle University research reveals.


						
The fish, recognisable from the starring role in the film 'Finding Nemo', were studied by academics from the universities of Newcastle, Leeds and Boston, USA. The work was conducted in collaboration with Mahonia Na Dari Conservation and Research Centre, in Kimbe Bay, Papua New Guinea. The team measured the length of 134 clownfish every month for five months, and monitored the water temperature every 4-6 days, during a marine heatwave which are becoming increasingly common as a result of climate change.

Publishing in the journal Science Advances, they reveal the remarkable ability of clownfish to shrink, i.e. they can get shorter, in response to heat stress. Shrinking increased individuals' chances of surviving the heat stress event by as much as 78%.

In a heart-warming discovery, they also show that coordination is important for clownfish, as they have a higher chance of surviving heatwaves when they shrink alongside their breeding partner. This is the first time that a coral reef fish has been shown to reduce the length of their body in response to environmental and social conditions.

Melissa Versteeg, a PhD researcher at Newcastle University's School of Natural and Environmental Sciences led the study. Of this newly-discovered ability for the clownfish to shrink, she said: "This is not just about getting skinnier under stressful conditions, these fish are actually getting shorter. We don't know yet exactly how they do it, but we do know that a few other animals can do this too. For example, marine iguanas can reabsorb some of their bone material to also shrink during times of environmental stress.

"We were so surprised to see shrinking in these fish that, to be sure, we measured each fish individual repeatedly over a period of five months. In the end, we discovered it was very common in this population. During our study, 100 fish shrank out of the 134 fish that we studied."

"It was a surprise to see how rapidly clownfish can adapt to a changing environment and we witnessed how flexibly they regulated their size, as individuals and as breeding pairs, in response to heat stress as a successful technique to help them survive."

The authors also highlight that individual shrinking might explain the rapidly declining size of fish in the world's oceans.

Dr Theresa Rueger, Senior Lecturer in Tropical Marine Sciences and senior author of the study added: "Our findings show that individual fish can shrink in response to heat stress, which is further impacted by social conflict, and that shrinking can lead to improving their chances of survival. If individual shrinking were widespread and happening among different species of fish, it could provide a plausible alternative hypothesis for why the size many fish species is declining and further studies are needed in this area."
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Plant cell sculptors | ScienceDaily
New research from the Sainsbury Laboratory at the University of Cambridge has shed light on how plants precisely control their growth and development, revealing that seemingly similar molecular components fulfil surprisingly different jobs.


						
The study, published in Science Advances, focuses on the SCAR/WAVE protein complex, a crucial molecular machine that helps shape plant cells by directing the formation of the internal cell scaffold known as the actin cytoskeleton. This is vital for processes like the growth of root hairs, which are essential for nutrient uptake, and the shape of leaf hairs, called trichomes.

Plants, much like other complex organisms, rely on the dynamic reorganisation of their cytoskeleton to grow and respond to their environment. The SCAR/WAVE complex plays a pivotal role in this process by activating another group of proteins called the ARP2/3 complex, which initiates the branching of actin filaments. While SCAR/WAVE genes are found in many plant species, they often exist as small families of related genes, and scientists have been wondering whether these different versions perform unique roles.

The Cambridge team, led by Dr Sebastian Schornack, investigated two closely related SCAR proteins, MtAPI and MtHAPI1, in the model legume plant Medicago truncatula. They discovered that these proteins, despite their similarity, are not interchangeable. MtAPI is crucial for normal root hair development, but MtHAPI1 cannot perform this role. Conversely, when tested in the model plant Arabidopsis thaliana, MtHAPI1, but not MtAPI, could rescue defects in trichome development caused by a faulty Arabidopsis SCAR protein. This clearly demonstrated that these two related SCAR proteins have distinct functions within the plant.

Digging deeper, the study identified a specific 42-amino acid sequence within an intrinsically disordered region of MtAPI that significantly impacts protein stability. The presence of this short segment leads to lower levels of the MtAPI protein in plant cells, suggesting a mechanism for finely tuning the protein's abundance. Intriguingly, this segment appears to function as a general destabilising element, affecting other proteins it's attached to, even in different plant species.

"Our findings reveal a fascinating molecular basis for how plants can achieve functional diversity using closely related proteins," said Dr Sabine Brumm, lead author of the study. "The intrinsically disordered regions, which were least understood, are actually critical for defining what these SCAR proteins do in the cell."

This research significantly advances our understanding of how the SCAR/WAVE complex is regulated and how it contributes to plant development. "By uncovering how these SCAR proteins differ, we gain deeper insights into the intricate mechanisms that control cell shape and growth in plants," explained Dr Schornack. "This knowledge could have implications for understanding plant-microbe interactions and potentially for developing strategies to improve plant growth and resilience."

The study highlights the complexity and elegance of molecular regulation in plants and opens new avenues for investigating how protein stability and function are controlled.
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Personal space chemistry suppressed by perfume and body lotion indoors | ScienceDaily
In 2022 a team led by the Max Planck Institute for Chemistry discovered that high levels of OH radicals can be generated indoors, simply due to the presence of people and ozone. This means: People generate their own oxidation field and change the indoor air chemistry around them within their own personal space. Now, in a follow-up study again in cooperation with an international research team, they found that commonly applied personal care products substantially suppress a human's production of OH radicals. These findings have implications for the indoor chemistry, the air quality of occupied spaces, and human health, since many of the chemicals in our immediate vicinity are transformed by this field.


						    	People indoors generate an oxidation field consisting of hydroxyl radicals (OH). The oxidation field is generated by the reaction of ozone with oils and fats on our skin
    	Researchers now have found that the application of personal care products, such as fragrances and body lotions, suppresses the human oxidation field.
    	Body lotion hinders the generation of a key OH precursor by acting as a physical barrier between air ozone and skin squalene.
    	A large amount of ethanol solvent in fragrances acts as a OH sink which leads to a reduction of the human generated OH field.
    	Used methods: a multiphase chemical kinetic model and a computational fluid dynamics model to demonstrate how the concentrations of the reactive components develop in the indoor environment.

The indoor environment contains multiple sources of chemical compounds. These include continuous emissions from housing materials such as furniture, floors and furnishings, but also periodic intense emissions from human activities such as cooking, smoking, and cleaning. Outdoor air chemicals can also enter indoor environments through infiltration and ventilation. Ozone (O3) from outdoors can react with compounds indoors to create a complex chemical cocktail within the indoor living space. Since people spend up to 90 percent of their time indoors, exposure to this diverse array of chemical compounds over extended periods is cause for concern, particularly as the human-health impacts of many such chemicals remain poorly understood.

On the basis of their findings in 2022, Jonathan Williams' research group from the Max Planck Institute for Chemistry had a closer look on how the human oxidation field might be influenced by personal care products. "Given that the human oxidation field influences the chemical composition of air in the breathing zone and close to the skin, it affects our intake of chemicals, which in turn impacts human health. It is therefore of interest to examine how personal care products can influence the strength and spatial extent of the self-generated OH-field," explains Jonathan Williams.

The experimental measurements made by the Max Planck team were supported by Manabu Shiraiwa and his team at the University of California (Irvine, USA) and Donghyun Rim's group from the Pennsylvania State University.

"Our team took a unique approach to simulate concentrations of chemical compounds near humans in the indoor environment," said Shiraiwa. "We developed a state-of-the-art chemical model that can simulate reactions of ozone with human skin and clothing that can lead to the formation of semi-volatile organic compounds."

"We applied a three-dimensional computational fluid dynamics model to simulate the evolution of the oxidation field around human occupants," said Rim. "This integrated modeling approach highlights the impact of personal care products on the human oxidation field."

Personal care products affect the human oxidation field

First, the researchers examined how the application of body lotion impacts the chemistry in the periphery of the persons tested. Then they investigated, how perfume applied to the skin affects the chemical composition of the indoor air. For both cases Williams and his team saw that the OH concentration around the volunteers decreased. This means: It decreased compared to the standard case without cosmetics, where ozone reacts on human skin to form gas phase products that react again in the air with ozone to make OH.




Concerning the perfume, the researchers explain the OH decrease with the primary perfume component ethanol: it reacts with OH, using it up, as ethanol does not produce OH when reacting with ozone.

"Regarding body lotion, we can explain the decline in two ways. One is that phenoxyethanol -- a chemical in the body lotion -- reacts with OH but does not generate OH with ozone. This is the same as the perfume with ethanol. The second explanation is simply that the body lotion gets in the way of ozone reacting with squalene on the skin," states atmospheric chemist Jonathan Williams.

"The application of a fragrance and a lotion together showed that fragrances impact the OH reactivity and concentration over shorter time periods, whereas lotions show more persistent effects, consistent with the rate of emissions of organic compounds from these personal care products," sums up Nora Zannoni, first author of the study published in the research magazine Science Advances. She is currently employed at the Institute of Atmospheric Sciences and Climate in Bologna, Italy.

Implications for indoor chemistry

While thousands of different fragrances and lotions exist on the market, there are some general conclusions valid for any product that the international research team draws based on their tests:

Following the new findings of this study, an applied fragrance indoors would be expected to suppress the personal human oxidation field. In contrast with fragrances, lotions have more variable compositions. Despite their variable composition, they expect most lotions to suppress the human oxidation field due to a combination of dilution of skin oil constituents and reduced interaction between O3 and the skin. Additionally, marketed lotions contain preservatives acting as antimicrobial agents. Widely used is phenoxyethanol which further contributes to suppressing the human oxidation field by reacting with the OH radicals as experimentally demonstrated in this study.




"If we buy a sofa from major furniture company, it is tested for harmful emissions before being put on sale. However, when we sit on the sofa, we naturally transform some of these emissions because of the oxidation field we generate. This can create many additional compounds in our breathing zone whose properties are not well known or studied. Interestingly body lotion and perfume both seem to dampen down this effect," says Jonathan Williams.

These findings are part of the project ICHEAR (Indoor Chemical Human Emissions and Reactivity Project) which brought together a group of collaborating international scientists from Denmark (DTU), USA (Rutgers University), and Germany (MPI). The modelling was part of the MOCCIE project based in University of California Irvine and the Pennsylvania State University. Both projects were funded by grants from the A. P. Sloan foundation.

Additional information

Experimental setup in a climate chamber 

The experiments were conducted at the Technical University of Denmark (DTU) in Copenhagen in 2021. Four test subjects stayed in a special climate-controlled chamber under standardized conditions. Ozone was added to the chamber air inflow in a quantity that was not harmful for humans but representative of the higher range of indoor levels. The team determined the OH concentrations indirectly by quantifying the individual OH sources and the overall loss rate of OH. The OH field was only generated when ozone was present.

By combining air measurements from within the chamber with model simulations, they calculated the effect of the lotion and fragrance on the human oxidation field.
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Bed-netting prototypes to target malaria-causing parasites | ScienceDaily
Southwest Research Institute tapped into its drug formulation and manufacturing expertise to fabricate two bed netting prototypes targeting malaria-causing blood parasites. In a collaboration with researchers at the Harvard T.H. Chan School of Public Health and Oregon Health & Science University (OHSU)/Portland Veterans Affairs Medical Center (PVAMC), SwRI designed netting systems to deliver antimalarial drugs called Endochin-like Quinolones (ELQs) that destroy Plasmodium parasites transmitted by mosquitoes. The findings appear in the latest issue of the journal Nature.


						
"If an infected mosquito hits or lands on either type of netting, it's essentially disinfected," said Institute Scientist Dr. Mike Rubal, a contributor to the Nature article. "The best defense against malaria has been insecticide-treated bed nets or those coated with larvicides, but mosquitoes are developing an immunity to those prevention methods. This novel approach targets the source of the disease."

In 2023, the World Health Organization reported 263 million cases of malaria and nearly 600,000 deaths worldwide. The disease remains pervasive even with preventative measures and available treatments. Resistance to larvicides and pesticides is a growing concern among malaria researchers.

Rubal's team coated a commercially available polyester bed net with an ELQ solution synthesized at OHSU/PVAMC. SwRI also blended a second formulation of ELQ into a hot-melt extrusion of high-density polyethylene filaments, which can be woven to make yarn for netting. The team at the Catteruccia lab at Harvard evaluated both netting systems for efficacy.

"We desperately need innovation in malaria control. This study offers a new, effective way to stop the transmission of malaria parasites, which we hope will reduce the burden of this devastating disease in Africa and beyond," said corresponding author Dr. Flaminia Catteruccia, the Irene Heinz Given Professor of Immunology and Infectious Diseases at Harvard and Howard Hughes Medical Institute Investigator.

Native to tropical and subtropical regions around the world, female Anopheles mosquitoes pass parasites to humans through saliva shared when they bite. Parasites attack and reproduce within the liver and red blood cells causing a variety of symptoms ranging from mild to severe. If left untreated, malaria can lead to brain damage, organ failure and even death, especially among children and other vulnerable populations.

"Our research shows that the two drugs, which are absorbed through the legs of the insect, kill parasites developing within the mosquito. By using two different ELQs, the likelihood of resistance is greatly diminished and possibly eliminated," said Dr. Michael Riscoe, a professor of molecular microbiology and immunology at OHSU. "This emerging technology has great potential to impact efforts to control and eradicate malaria around the world."

A National Institute of Health (NIH) R01 grant and funding from Open Philanthropy supported the research.
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Imaging technique removes the effect of water in underwater scenes | ScienceDaily
The ocean is teeming with life. But unless you get up close, much of the marine world can easily remain unseen. That's because water itself can act as an effective cloak: Light that shines through the ocean can bend, scatter, and quickly fade as it travels through the dense medium of water and reflects off the persistent haze of ocean particles. This makes it extremely challenging to capture the true color of objects in the ocean without imaging them at close range.


						
Now a team from MIT and the Woods Hole Oceanographic Institution (WHOI) has developed an image-analysis tool that cuts through the ocean's optical effects and generates images of underwater environments that look as if the water had been drained away, revealing an ocean scene's true colors. The team paired the color-correcting tool with a computational model that converts images of a scene into a three-dimensional underwater "world," that can then be explored virtually.

The researchers have dubbed the new tool "SeaSplat," in reference to both its underwater application and a method known as 3D gaussian splatting (3DGS), which takes images of a scene and stitches them together to generate a complete, three-dimensional representation that can be viewed in detail, from any perspective.

"With SeaSplat, it can model explicitly what the water is doing, and as a result it can in some ways remove the water, and produces better 3D models of an underwater scene," says MIT graduate student Daniel Yang.

The researchers applied SeaSplat to images of the sea floor taken by divers and underwater vehicles, in various locations including the U.S. Virgin Islands. The method generated 3D "worlds" from the images that were truer and more vivid and varied in color, compared to previous methods.

The team says SeaSplat could help marine biologists monitor the health of certain ocean communities. For instance, as an underwater robot explores and takes pictures of a coral reef, SeaSplat would simultaneously process the images and render a true-color, 3D representation, that scientists could then virtually "fly" through, at their own pace and path, to inspect the underwater scene, for instance for signs of coral bleaching.

"Bleaching looks white from close up, but could appear blue and hazy from far away, and you might not be able to detect it," says Yogesh Girdhar, an associate scientist at WHOI. "Coral bleaching, and different coral species, could be easier to detect with SeaSplat imagery, to get the true colors in the ocean."

Girdhar and Yang will present a paper detailing SeaSplat at the IEEE International Conference on Robotics and Automation (ICRA). Their study co-author is John Leonard, professor of mechanical engineering at MIT.




Aquatic optics

In the ocean, the color and clarity of objects is distorted by the effects of light traveling through water. In recent years, researchers have developed color-correcting tools that aim to reproduce the true colors in the ocean. These efforts involved adapting tools that were developed originally for environments out of water, for instance to reveal the true color of features in foggy conditions. One recent work accurately reproduces true colors in the ocean, with an algorithm named "Sea-Thru," though this method requires a huge amount of computational power, which makes its use in producing 3D scene models challenging.

In parallel, others have made advances in 3D gaussian splatting, with tools that seamlessly stitch images of a scene together, and intelligently fill in any gaps to create a whole, 3D version of the scene. These 3D worlds enable "novel view synthesis," meaning that someone can view the generated 3D scene, not just from the perspective of the original images, but from any angle and distance.

But 3DGS has only successfully been applied to environments out of water. Efforts to adapt 3D reconstruction to underwater imagery have been hampered, mainly by two optical underwater effects: backscatter and attenuation. Backscatter occurs when light reflects off of tiny particles in the ocean, creating a veil-like haze. Attenuation is the phenomenon by which light of certain wavelengths attenuates, or fades with distance. In the ocean, for instance, red objects appear to fade more than blue objects when viewed from farther away.

Out of water, the color of objects appears more or less the same regardless of the angle or distance from which they are viewed. In water, however, color can quickly change and fade depending on one's perspective. When 3DGS methods attempt to stitch underwater images into a cohesive 3D whole, they are unable to resolve objects due to aquatic backscatter and attenuation effects that distort the color of objects at different angles.

"One dream of underwater robotic vision that we have is: Imagine if you could remove all the water in the ocean. What would you see?" Leonard says.




A model swim

In their new work, Yang and his colleagues developed a color-correcting algorithm that accounts for the optical effects of backscatter and attenuation. The algorithm determines the degree to which every pixel in an image must have been distorted by backscatter and attenuation effects, and then essentially takes away those aquatic effects, and computes what the pixel's true color must be.

Yang then worked the color-correcting algorithm into a 3D gaussian splatting model to create SeaSplat, which can quickly analyze underwater images of a scene and generate a true-color, 3D virtual version of the same scene that can be explored in detail from any angle and distance.

The team applied SeaSplat to multiple underwater scenes, including images taken in the Red Sea, in the Carribean off the coast of Curacao, and the Pacific Ocean, near Panama. These images, which the team took from a pre-existing dataset, represent a range of ocean locations and water conditions. They also tested SeaSplat on images taken by a remote-controlled underwater robot in the U.S. Virgin Islands.

From the images of each ocean scene, SeaSplat generated a true-color 3D world that the researchers were able to virtually explore, for instance zooming in and out of a scene and viewing certain features from different perspectives. Even when viewing from different angles and distances, they found objects in every scene retained their true color, rather than fading as they would if viewed through the actual ocean.

"Once it generates a 3D model, a scientist can just 'swim' through the model as though they are scuba-diving, and look at things in high detail, with real color," Yang says.

For now, the method requires hefty computing resources in the form of a desktop computer that would be too bulky to carry aboard an underwater robot. Still, SeaSplat could work for tethered operations, where a vehicle, tied to a ship, can explore and take images that can be sent up to a ship's computer.

"This is the first approach that can very quickly build high-quality 3D models with accurate colors, underwater, and it can create them and render them fast," Girdhar says. "That will help to quantify biodiversity, and assess the health of coral reef and other marine communities."

This work was supported, in part, by the Investment in Science Fund at WHOI, and by the U.S. National Science Foundation.
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Enormous boulder washed inland a sign of Pacific tsunami history | ScienceDaily
Analysis has shown a boulder weighing almost 1,200 tonnes in Tonga is one of the largest known wave-transported rocks in the world, providing new insights into the Pacific region's history and risk of tsunamis.


						
PhD candidate Martin Kohler from The University of Queensland's School of the Environment says the Maka Lahi boulder measuring 14 x 12 x 6.7 metres was moved more than 200 metres inland by a tsunami around 7,000 years ago.

"We had been surveying the southern side of the island of Tongatapu looking along the coastal cliffs at evidence of past tsunamis," Mr Kohler said.

"It was late in the day, and we were talking to some farmers when they directed us to this boulder.

"I was so surprised; it is located far inland and outside of our field work area and must have been carried by a very big tsunami.

"It was quite unbelievable to see this big piece of rock sitting there covered in and surrounded by vegetation.

"We made a 3D model and then went back to the coast and found the spot the boulder could have come from, on a cliff over 30 metres above the sea level."

The Maka Lahi boulder is the world's largest known cliff-top boulder.




Numerical modelling has established that wave heights of around 50 metres lasting around 90 seconds were needed to dislodge it from its cliff-edge origin and move it to its resting place.

Co-author Dr Annie Lau, a coastal geomorphologist, said Tonga had a long history of tsunamis triggered by volcanic eruptions along the underwater Tofua Ridge and the Tonga Trench.

"Tonga's most recent tsunami in 2022 killed 6 people and caused a lot of damage," Dr Lau said.

"Understanding past extreme events is critical for hazard preparation and risk assessment now and in the future.

"The findings we have reported on the Maka Lahi boulder are the evidence of a tsunami in the Pacific region in the Holocene epoch which began around 11,700 years ago.

"The analysis strengthens our understanding of wave transportation of rocks to improve coastal-hazard assessments in tsunami-prone regions around the world."
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Unlocking the secrets of bat immunity | ScienceDaily
Bats are known as natural hosts for highly pathogenic viruses such as MERS- and SARS-related coronaviruses, as well as the Marburg and Nipah viruses. In contrast to the severe and often fatal disease outcomes these viruses cause in humans, bats generally do not show obvious signs of viral illness following infection. An international research team led by Dr. Max Kellner and Prof. Josef Penninger, Scientific Director of the Helmholtz Centre for Infection Research (HZI), has developed an innovative organoid research platform that allowed them to closely investigate the cellular antiviral defense mechanisms of mucosal epithelial tissues of bats. The results have now been published in Nature Immunology and could pave the way for the development of new therapies against viral diseases.


						
To investigate the innate immune defenses against viruses at the mucosal surfaces of bats, the research team developed organoids from the respiratory and intestinal tissue of Egyptian fruit bats (Rousettus aegyptiacus), the natural host of the highly pathogenic Marburg virus and other viruses known to be threats for humans. "Due to their unique lifestyle and low reproductive rates, bats are challenging animals to study. We therefore generated organoids from mucosal bat tissue, as these epithelial cell models proliferate well in culture and mimic the initial viral exposure -- mucosal surfaces serve as entry points for many viruses into the body and orchestrate antiviral responses to infections," explains Max Kellner, who joined HZI in April 2025 as a junior research group leader to further investigate virus-host co-evolution.

The Egyptian fruit bat is the natural host of the highly pathogenic Marburg virus, which causes severe hemorrhagic fever in humans, leading to death in 30-90 % of infected individuals. Furthermore, there are no approved antiviral therapies or vaccines for Marburg virus disease to date. In close collaboration with Prof. Ali Mirazimi's team at the Karolinska Institute in Stockholm, the researchers successfully infected both bat organoids and human airway organoids with the Marburg virus in a high-security Biosafety Level 4 (S4) laboratory. Compared to the human models, bat organoids exhibited a significantly higher baseline antiviral immune activity even before infection.

"Our experiments on organoids showed that epithelial cells from Egyptian fruit bats, compared to those from humans, exhibit a significantly stronger baseline antiviral defense and an enhanced ability to induce innate immune responses to viral infections, particularly through the interferon system," explains Max Kellner. "Interferons are a central component of the innate immune system and combat viral infections by activating hundreds of antiviral genes in cells. This likely enables bats to control viral replication early in infected mucosal tissues, while human cells are less effective at recognizing the Marburg virus in the early stages of infection, allowing uncontrolled replication and spread throughout the body."

Particularly, type III interferons appeared to play a crucial role in the mucosal antiviral immunity of Egyptian fruit bats: After infection with a variety of zoonotic viruses, bat organoids exhibited an exceptionally strong production of these interferons. Through additional type III interferon stimulation experiments and genetic modifications, such as the targeted knockout of the interferon system using CRISPR/Cas9, the strong antiviral activity of these interferons was confirmed. In addition, the researchers also discovered a self-amplifying gene regulatory mechanism of type III interferon expression, which provides long-lasting protection against viruses. "The results of this study suggest that bats can effectively prevent uncontrolled viral replication through a combination of various innate immune processes, thereby avoiding viral diseases," says Josef Penninger. "For the development of antiviral therapies and the fight against future pandemics, understanding the resilience mechanisms of these animals against highly pathogenic viruses and the evolutionary adaptation of their immune systems is essential."

In addition to the novel insights into the antiviral mechanisms of bat mucosal tissues, bat organoids will offer an innovative platform for more precise studies of the complex biology of bats at the genetic and molecular levels. The research team now plans to further develop the organoid models in terms of complexity and make them available to the scientific community. "It is particularly important to us to make our findings and the newly developed platform accessible to all researchers in the spirit of democratization," says Josef Penninger. "Only by working together we can understand the complex mechanisms that evolution has shaped in animals like bats, and from this, develop new approaches for combating and treating viral diseases."

Tissue samples for organoid generation were obtained from a breeding colony of Egyptian fruit bats at the Friedrich-Loeffler-Institut (FLI) in Greifswald. The majority of the research was conducted at the Medical University of Vienna and the Institute of Molecular Biotechnology of the Austrian Academy of Sciences (IMBA) at the Vienna BioCenter, in cooperation with the HZI.
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Engineered bacteria can deliver antiviral therapies, vaccines | ScienceDaily
New research from the University of Cincinnati demonstrates how specially engineered bacteria taken orally can operate as a delivery system for antiviral therapies and vaccines.


						
The research, led by Nalinikanth Kotagiri, PhD, was recently published in the journal Gut Microbes. 

Study background 

Kotagiri's lab focuses on engineering probiotic bacteria to accomplish a wide variety of functions, from breaking down cancer's defenses to imaging and diagnosing lung infections.

A few years ago, the team asked whether the same chassis, using the bacterium E.coli Nissle 1917, could ferry antiviral therapeutic agents or vaccine antigens directly to the gut, a major portal of viral entry. The team focused on the COVID-19 virus, SARS-CoV-2, for the proof of concept research.

"Oral delivery lets us target the mucosal surfaces where pathogens first gain a foothold while avoiding needles and cold-chain logistics," said Kotagiri, an associate professor in UC's James L. Winkle College of Pharmacy.

Vaccine platform 

Most engineered bacteria keep their therapeutic cargo inside the cell, but vaccines work best when antigens are presented to the immune system. The UC team therefore displayed viral proteins on the bacterial surface and harnessed outer-membrane vesicles (OMVs) -- nano-sized spheres that bacteria naturally shed -- to act as self-propelled delivery vehicles. Once released, OMVs traffic through the gut epithelium, enter blood circulation and distribute their payload to distant tissues.




Nitin S. Kamble, PhD, a research scientist in Kotagiri's lab, systematically screened anchor motifs and expression cassettes to optimize antigen density on the probiotic surface. For the vaccine version, the bacteria was designed to express the spike protein found on the surface of the virus that causes COVID-19. This same spike protein is currently delivered through mRNA COVID-19 vaccines.

Kotagiri said current vaccines are safe and effective at providing what is called systemic immunity, as antibodies move throughout the whole body in the bloodstream. But there are gateways in the body where viruses typically enter -- through mucosal lining in the gastrointestinal system, lungs and other organs -- that can be targeted to provide what is called mucosal immunity.

In preclinical animal studies, a two-dose oral regimen generated blood-borne (systemic) antibody levels comparable to intramuscular mRNA vaccination. Notably, it produced markedly higher levels of secretory immunoglobulin A (IgA) in the gut and airways -- the antibodies that underlie mucosal immunity, considered critical for blocking infection at the point of entry.

Therapy platform 

While vaccines are delivered before a person is infected with a virus, antiviral therapies such as monoclonal antibodies are given as a treatment after infection.

The team developed another version of engineered E.coli Nissle 1917 to display therapeutic proteins on the surface. To create a post-exposure therapy, the team encoded anti-spike nanobodies: antibodies that are one-tenth the size of conventional monoclonal antibodies.




Although full viral-challenge studies are pending, nanobodies released from the engineered bacteria reached the bloodstream, likely facilitated by OMVs, and accumulated in lung tissue, where they neutralized SARS-CoV-2 in ex-vivo assays.

''A unique aspect of this approach is the use of OMVs as natural postmasters, efficiently packaging and delivering these therapeutic molecules to their intended targets,'' said Kamble. "OMVs can fuse with host cells and deliver a concentrated payload of therapeutic proteins, making them ideal for mucosal delivery."

Current IV infusions typically deliver a larger quantity of monoclonal antibodies, but because the probiotic can reside in the gut for days or weeks, it offers a self-renewing and sustained depot of antiviral molecules.

Next steps 

Now that the team has optimized the bacteria for this purpose, Kotagiri has identified an opportunity for quick adaptation of this platform to develop oral vaccines and therapies for common viruses like influenza and norovirus.

"All that optimization was necessary for us to prove that this is a platform that we can take forward," he said. "If you have a nanobody or antigens against a virus, we can plug that into our construct."

Clinical trials will validate the safety and efficacy of this delivery system for new engineered bacteria targeting other viruses. But Kotagiri said that so far the engineered bacteria have been found to be safe to use and do not generate any adverse immune response or side effects in animal models. Moreover, the parent strain of bacteria has decades of safe use as a probiotic.

"In the future, maybe we can integrate both agents so the same bacteria has both the vaccine and the nanobody therapy components," he said. "But the common denominator is the bacteria, where it has the versatility to do both vaccination and therapy, orally."

Other coauthors include Shindu Thomas, Tushar Madaan, Nadia Ehsani, Saqib Sange, Kiersten Tucker, Alexis Muhumure and Sarah Kunkler. Kamble and Kotagiri have filed a patent application with the U.S. Patent and Trademark Office related to this work. All other authors declare no competing interests.

This work was supported by grants from NIH: R01HL168588, R01CA279962; CDMRP: ME200246; University of Cincinnati Office of Research and College of Pharmacy to Kotagiri.
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How to use AI to listen to the 'heartbeat' of a city | ScienceDaily
When Jayedi Aman looks at a city, he notices more than just its buildings and streets -- he considers how people move through and connect with those spaces. Aman, an assistant professor of architectural studies at the University of Missouri, suggests that the future design of cities may be guided as much by human experience as by physical materials.


						
In a recent study, Aman and Tim Matisziw, a professor of geography and engineering at Mizzou, took a fresh approach to urban research by using artificial intelligence to explore the emotional side of city life. Their goal was to better understand the link between a city's physical features and how people feel in those environments.

Using public Instagram posts with location tags, the researchers trained an AI tool to read the emotional tone of the images and text of the posts, identifying whether people were happy, frustrated or relaxed. Then, using Google Street View and a second AI tool, they analyzed what those places looked like in real life and linked those features to how people felt in the moment they posted to social media.

As a result, Aman and Matisziw created a digital "sentiment map" that shows what people are feeling across a city. Next, they plan to use this information to create a digital version of a city -- called an urban digital twin -- that can show how people are feeling in real time.

This kind of emotional mapping gives city leaders a powerful new tool. Instead of relying solely on surveys -- which take time and may not reach everyone -- this AI-powered method uses data people already share online.

"For example, if a new park gets lots of happy posts, we can start to understand why," Aman, who leads the newly established Spatial Intelligence Lab at Mizzou, said. "It might be the green space, the quiet nature or the sense of community. We can now connect those feelings to what people are seeing and experiencing in these places."

Beyond parks, this tool could help officials improve services, identify areas where people feel unsafe, plan for emergencies or check in on public well-being after disasters.

"AI doesn't replace human input," Matisziw said. "But it gives us another way to spot patterns and trends that we might otherwise miss, and that can lead to smarter decisions."

The researchers believe this information about how people feel could one day be shown next to traffic and weather updates on digital tools used by leaders to make decisions about city operations.

"We envision a future where data on how people feel becomes a core part of city dashboards," Aman said. "This opens the door to designing cities that not only work well but also feel right to the people who live in them."
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Fool's gold: A hidden climate stabilizer | ScienceDaily
On our planet, the cycle and balance of carbon from reservoir to reservoir is a matter of life or death. Carbon moves from the atmosphere to the ocean, to carbon-based life forms, to rocks or sediments, and it can be tied up in any of these reservoirs throughout the process.


						
Imbalances within the cycle can have dramatic global impacts. For example, too much carbon in the atmosphere leads to the greenhouse effect and global warming, and too much carbon in the ocean leads to ocean acidification, which compromises conditions for marine life. How does the Earth recover from catastrophic conditions like massive volcanic eruptions?

Researchers look to extremes in the past to study how the system reacts to imbalances. In their paper published in Nature Geoscience, researchers from the University of Connecticut, University of Victoria, Yale University, University of British Columbia, and Georgia Institute of Technology detail an overlooked mechanism for how the ocean can help stabilize massive releases of carbon into the atmosphere following volcanic eruptions.

UConn Department of Earth Sciences assistant professor and the paper's lead author Mojtaba Fakhraee says a simplified way of imagining the global carbon cycle starts with an eruption of volcanic gases that release carbon into the atmosphere. Those forms of carbon like CO2 may remain in the atmosphere, whereas some can react with other elements to produce chemical species like dissolved inorganic carbon, that would be carried via rivers to the ocean.

"When the oceanic carbon balances out with the amount of CO2 in the atmosphere, they reach an equilibrium condition where the amount of CO2 in the atmosphere would be proportional to the amount of dissolved carbon species in the ocean," says Fakhraee.

However, in times of extreme imbalance, like during climate catastrophes or when huge quantities of CO2 are released into the atmosphere, researchers found that a different type of feedback kicks in.

"The feedback happens when the ocean loses oxygen, it becomes more basic, and another type of reaction becomes more dominant under low oxygen or anoxic conditions. That reaction is anaerobic respiration, which produces sulfur species," says Fakhraee.




The sulfur species formed by the reaction is iron sulfide or pyrite, which is also known as "fool's gold." The process has an overall buffering effect that preserves the alkalinity of the water and thus prevents it from becoming more acidic.

Researchers made this discovery using a coupled global carbon-sulfur cycle model that simulates geochemical processes over the past several hundred million years, including several ocean anoxic events (OAEs) and massive volcanic eruptions that released large amounts of carbon into the atmosphere. They found the production and burial of pyrite during OAEs had a substantial stabilizing effect during times of increased volcanic activity, thus buffering the oceans and playing a significant stabilizing role for millions of years.

"What it means is, the more you get of this buffering species, the more resistant the ocean becomes to change in pH and ocean acidification. This reaction is important in terms of how the ocean becomes resistant to acidification and changing pH," says Fakhraee.

These reactions happen over a very long time, when the oceans of the past periodically experienced huge influxes of volcanic gases, resulting in deoxygenation and anoxic conditions, says Fakhraee, and that is when the models showed the increase in the iron sulfide reaction, increased alkalinity, and climate stabilization.

"We found it to be quite convincing to see why some of these past oceanic anoxic events were able to recover the way they did," says Fakhraee. "Anoxic conditions were always thought of as a big problem for the oceans, but on a longer time scale this big problem can actually be a good way for the ocean and the whole earth to survive. Not everything about anoxia and oxygen loss is bad for the Earth system."

There are also important implications to the carbon cycle of today, says Fakhraee, when we are seeing deoxygenation in the ocean as atmospheric levels of CO2 increase, but there is a caveat -- time.




"We expect this process of iron sulfide formation to be important as we increase the rate of ocean deoxygenation, which would help regulate and stabilize the CO2 in the atmosphere. But do not make a mistake and think that this will help us with current climate change, because this feedback happens on a longer time scale. Humans would be drastically affected by climate change, but the Earth system has this intriguing feedback that would help the system to recover," says Fakhraee.

Although pyrite formation occurs today in some anoxic marine environments, its global impact on ocean alkalinity and carbon sequestration is minimal under current conditions. A significant uptick in this buffering mechanism would require extensive, sustained deoxygenation of the global ocean -- conditions that would be catastrophic for most marine life and profoundly disruptive to the Earth's biosphere.

"Humans and other life experiencing climate change would be severely impacted over a very short time scale. It's all about the time scale and then how much oxygen loss happens," says Fakhraee.

Another important takeaway from this research that Fakhraee reflects on is the remarkable resilience of the global carbon cycle.

"All these interconnected processes show where one small change in one part of this whole system would make a large change in another part of the system. It's intriguing to see how Earth can recover from very severe past experiences that wiped out life on the planet," says Fahkraee. "Part of the reason that Earth has experienced so many ups and downs in terms of life, and part of the reason there is hope is because there was feedback that helped Earth to recover and allowed for some other life to exist and to evolve. Earth has its own way to survive, but we need to find a way to survive, and we are in danger if we don't pay enough attention to what's happening in terms of climate change."
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A new technology for extending the shelf life of produce | ScienceDaily
We've all felt the sting of guilt when fruit and vegetables go bad before we could eat them. Now, researchers from MIT and the Singapore-MIT Alliance for Research and Technology (SMART) have shown they can extend the shelf life of harvested plants by injecting them with melatonin using biodegradable microneedles.


						
That's a big deal because the problem of food waste goes way beyond our salads. More than 30 percent of the world's food is lost after it's harvested -- enough to feed more than 1 billion people. Refrigeration is the most common way to preserve foods, but it requires energy and infrastructure that many regions of the world can't afford or lack access to.

The researchers believe their system could offer an alternative or complement to refrigeration. Central to their approach are patches of silk microneedles. The microneedles can get through the tough, waxy skin of plants without causing a stress response, and deliver precise amounts of melatonin into plants' inner tissues.

"This is the first time that we've been able to apply these microneedles to extend the shelf life of a fresh-cut crop," says Benedetto Marelli, the study's senior author, associate professor of civil and environmental engineering at MIT, and the director of the Wild Cards mission of the MIT Climate Project. "We thought we could use this technology to deliver something that could regulate or control the plant's post-harvest physiology. Eventually, we looked at hormones, and melatonin is already used by plants to regulate such functions. The food we waste could feed about 1.6 billion people. Even in the U.S., this approach could one day expand access to healthy foods."

For the study, which will appear in Nano Letters, Marelli and researchers from SMART applied small patches of the microneedles containing melatonin to the base of the leafy vegetable pak choy. After application, the researchers found the melatonin was able to extend the vegetables' shelf life by four days at room temperature and 10 days when refrigerated, which could allow more crops to reach consumers before they're wasted.

"Post-harvest waste is a huge issue. This problem is extremely important in emerging markets around Africa and Southeast Asia, where many crops are produced but can't be maintained in the journey from farms to markets," says Sarojam Rajani, co-senior author of the study and a senior principal investigator at the Temasek Life Sciences Laboratory in Singapore.

Plant destressors

For years, Marelli's lab has been exploring the use of silk microneedles for things like delivering nutrients to crops and monitoring plant health. Microneedles made from silk fibroin protein are nontoxic and biodegradable, and Marelli's previous work has described ways of manufacturing them at scale.




To test microneedle's ability to extend the shelf life of food, the researchers wanted to study their ability to deliver a hormone known to affect the senescence process. Aside from helping humans sleep, melatonin is also a natural hormone in many plants that helps them regulate growth and aging.

"The dose of melatonin we're delivering is so low that it's fully metabolized by the crops, so it would not significantly increase the amount of melatonin normally present in the food; we would not ingest more melatonin than usual," Marelli says. "We chose pak choy because it's a very important crop in Asia, and also because pak choy is very perishable."

Pak choy is typically harvested by cutting the leafy plant from the root system, exposing the shoot base that provides easy access to vascular bundles which distribute water and nutrients to the rest of the plant. To begin their study, the researchers first used their microneedles to inject a fluorescent dye into the base to confirm that vasculature could spread the dye throughout the plant.

The researchers then compared the shelf life of regular pak choy plants and plants that had been sprayed with or dipped into melatonin, finding no difference.

With their baseline shelf life established, the researchers applied small patches of the melatonin-filled microneedles to the bottom of pak choy plants by hand. They then stored the treated plants, along with controls, in plastic boxes both at room temperature and under refrigeration.

The team evaluated the plants by monitoring their weight, visual appearance, and concentration of chlorophyll, a green pigment that decreases as plants age.




At room temperature, the leaves of the untreated control group began yellowing within two or three days. By the fourth day, the yellowing accelerated to the point that the plants likely could not be sold. Plants treated with the melatonin-loaded silk microneedles, in contrast, remained green on day five, and the yellowing process was significantly delayed. The weight loss and chlorophyll reduction of treated plants also slowed significantly at room temperature. Overall, the researchers estimated the microneedle-treated plants retained their saleable value until the eighth day.

"We clearly saw we could enhance the shelf life of pak choy without the cold chain," Marelli says.

In refrigerated conditions of about 40 degrees Fahrenheit, plant yellowing was delayed by about five days on average, with treated plants remaining relatively green until day 25.

"Spectrophotometric analysis of the plants indicated the treated plants had higher antioxidant activity, while gene analysis showed the melatonin set off a protective chain reaction inside the plants, preserving chlorophyll and adjusting hormones to slow senescence," says Monika Jangir, co-first author and former postdoc at the Temasek Life Sciences Laboratory.

"We studied melatonin's effects and saw it improves the stress response of the plant after it's been cut, so it's basically decreasing the stress that plant's experience, and that extends its shelf life," says Yangyang Han, co-first author and research scientist at the Disruptive and Sustainable Technologies for Agricultural Precision (DiSTAP) interdisciplinary research group at SMART.

Toward postharvest preservation

While the microneedles could make it possible to minimize waste when compared to other application methods like spraying or dipping crops, the researchers say more work is needed to deploy microneedles at scale. For instance, although the researchers applied the microneedle patches by hand in this experiment, the patches could be applied using tractors, autonomous drones, and other farming equipment in the future.

"For this to be widely adopted, we'd need to reach a performance versus cost threshold to justify its use," Marelli explains. "This method would need to become cheap enough to be used by farmers regularly."

Moving forward, the research team plans to study the effects of a variety of hormones on different crops using its microneedle delivery technology. The team believes the technique should work with all kinds of produce.

"We're going to continue to analyze how we can increase the impact this can have on the value and quality of crops," Marelli says. "For example, could this let us modulate the nutritional values of the crop, how it's shaped, its texture, etc.? We're also going to continue looking into scaling up the technology so this can be used in the field."

The work was supported by the Singapore-MIT Alliance for Research and Technology (SMART) and the National Research Foundation of Singapore.
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Live view: Stress-induced changes in generations of cancer cells | ScienceDaily
Cancer cells respond to stress with greater diversity. Drugs that affect DNA replication, or radiation that causes direct DNA damage, lead to increasingly diverse offspring over multiple cell generations. This increases the tumor's genetic complexity and facilitates the development of resistance to therapy. UZH researchers have now investigated the emergence of cellular diversity in real time.


						
Cells are the smallest units of life. But even within the same tissue or organ, they are not all identical. New variations arise continuously during cell proliferation. While genetic mutations alter the DNA sequence, epigenetic changes influence gene activity. The resulting cellular diversity is double-edged: On the one hand, heterogeneity aids development and adaptation to stress. On the other hand, it can lead to diseases such as cancer or reduce the effectiveness of therapies.

Tracking how cancer cells develop in real time

How these differences in the genome and in epigenetic control arise in cells, and how they are passed on to their daughter and granddaughter cells, has not yet been studied in detail. Now, researchers at the University of Zurich (UZH) have devised a method that allows them to track live under the microscope how cells develop and how cellular heterogeneity arises over several cell generations.

Using CRISPR-based genome editing, they attached fluorescent markers to two proteins: one to track the process of DNA replication and one to mark acquired DNA damage. "This allowed us to monitor over several cell generations how cancer cells respond to different stress factors and how this increases heterogeneity within the cell population," says Merula Stout, UZH PhD student at the Department of Molecular Mechanisms of Disease and co-first author of the study.

Daughter cells vary significantly after stress

In addition to real-time measurements under the microscope, the researchers examined various endpoints, such as the strength of different stress signals in daughter and granddaughter cells. They then superimposed these measurements on the observed developmental trajectory of the same cells. "Using such cell family tree analyses, we were able to show that daughter cells no longer behave synchronously after cell division if the mother cell was exposed to stress," says Stout.




According to the researcher, significant differences were found, for example, in the onset and duration of DNA replication and in the production of proteins that regulate the cell cycle. These differences continued in the next cell generation, thus increasing the heterogeneity in the cell population. DNA damage and stress therefore not only have short-term consequences, but also long-term effects on the diversity of cells.

Multiple genome copies promote resistance to therapy

Computer-assisted cell tracking also provided direct insights into how polyploidy arises in cells. In this process, cancer cells receive multiple copies of the genome. This in turn increases genetic complexity, allowing cells to adapt more quickly and develop resistance mechanisms against drugs.

The combination of real-time and endpoint measurements showed that different pathways towards polyploidy have different effects on the stability of the genome, thereby influencing the fitness of the cells. "We now have a better understanding of how cells with multiple copies of their genome develop. Potentially, our findings can be used to modulate the ways how polyploidy occurs and to better tailor therapies," says UZH postdoc and co-first author Andreas Panagopoulos.

Just the tip of the iceberg

This study is the first to show in detail how different mechanisms influence genetic stability across multiple cell generations and increase heterogeneity between individual cells. The research team led by UZH professor Matthias Altmeyer aims to further develop and automate the method in collaboration with the technology platforms of UZH. "For research questions primarily concerned with single-cell and complex heterogeneity analyses rather than average effects, large amounts of data obtained in high throughput are required, and analyzing them may benefit from help by AI. It is very likely that we currently only see the proverbial tip of the iceberg," says group leader Altmeyer.
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Extreme weather cycles change underwater light at Lake Tahoe | ScienceDaily
Lake Tahoe is experiencing large-scale shifts in ultraviolet radiation (UV) as climate change intensifies wet and dry extremes in the region. That is according to a study led by the University of California, Davis' Tahoe Environmental Research Center and co-leading collaborator Miami University in Ohio.


						
For the study, published in ASLO, the journal of the Association for the Sciences of Limnology and Oceanography, scientists analyzed an 18-year record of underwater irradiance at Lake Tahoe, which is renowned for its clear blue waters. They found up to a 100-fold difference in UV radiation between a wet and dry year.

These large fluctuations were associated with wet and dry extremes in the local climate, which caused variations in particulate matter and colored dissolved organic matter in the lake.

UV radiation penetrates most deeply in clear water bodies, such as alpine or polar lakes, so the research carries implications for those water bodies. In less transparent lakes, UV radiation may reach only a few inches into the water. In clear systems like Lake Tahoe, it can reach dozens of feet down.

"In a wet year, UV radiation penetrates shallower," said lead author Shohei Watanabe, an associate project scientist with UC Davis Tahoe Environmental Research Center. "In a drought year, more UV radiation is slicing through the water. It's a bit like reducing the lake's 'sunscreen,' making it susceptible to severe sunburn."

The role of UV radiation 

UV radiationhas wide-ranging effects on aquatic ecosystems. It affects the carbon cycle and behavior of fish and zooplankton. It can suppress photosynthesis, which forms the basis of the lake ecosystem. Understanding how it is changing can help natural resource managers and others anticipate changes while building lake resilience.




In revealing the close tie between UV radiation changes and wet-dry cycles, the study also suggests that monitoring underwater radiation can help serve as a sentinel for climate-driven disturbances in lakes.

Long-term monitoring

Long-term observation of underwater UV radiation in lakes is rare. UC Davis researchers have been continuously monitoring Lake Tahoe since 1968. Specialized equipment to measure underwater UV radiation was introduced as a part of a collaborative research project with Miami University in Ohio in 2006. Since then, UV monitoring has been integrated into the long-term monitoring program. This study analyzed 18 years of that data through 2023.

"To understand what's really happening in nature, the long-term data set is quite important," Watanabe said. "One or two years of data couldn't reveal this kind of huge fluctuation related to climatic perturbations."

The study's coauthors include Erin Overholt and Craig Williamson of Miami University in Ohio, Geoffrey Schladow of UC Davis, and Warwick Vincent of Laval University in Canada. It received funding from the National Science Foundation and philanthropic gifts to UC Davis TERC.
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Taking the guesswork out birdsong evolution | ScienceDaily
Biologists at the University of Massachusetts Amherst recently announced that they have released the first broad scale, comparative, fine-grained analysis linking the amplitude, or volume, of a birds' song to its vocal frequency, or pitch. Though biologists have long wondered whether birds are able to control their pitch as they get louder or if their vocal abilities are mechanically limited, until now there has been no wide-ranging data with which to probe this aspect of the evolutionary history of birdsong. The study, published recently in Proceedings B, is a large step forward in the goal of understanding how communication and evolution have influenced each other.


						
If you've ever been at an outdoor concert and had to yell across a few rows to your friends, you've probably noticed that as your voice gets louder, increasing in amplitude, it also increases in frequency by getting higher pitched.

However, you've also probably noticed that you can hear the low bass frequencies from a concert at a far greater distance than you can hear the higher, trebly voices and instruments.

It would make sense, then, that if you wanted to be heard at a greater distance, your voice would drop in pitch while rising in volume -- but it doesn't. The physiology of our own vocal apparatus cannot do both low and loud. We're mechanically constrained, and that's why screams are ear-piercingly high and not rumblingly low.

"The difference is between what you can do and what you want to do," says Joao C. T. Menezes, graduate student in the Organismic and Evolutionary Biology Program at UMass Amherst and lead author of the new paper.

But what about birds?

"There have been two main arguments over the decades," says Jeffrey Podos, professor of biology at UMass Amherst and the paper's senior author. "One camp holds that if birds sing loudly, their pitch should increase because they are mechanically constrained." This is the textbook prediction, Podos says, but there's another camp, which makes the opposite argument and points to evolution. "Since lower sounds carry farther and therefore should increase a singer's chance of being heard, it would make sense that birds should be both loud and deep at the same time."

So, which camp is right?




Until now, the two main camps have remained speculative largely because it has been challenging to measure with any precision the volume of a wild bird's song in its natural setting. "It's only been in the last 10 years or so that devices capable of measuring amplitude precisely enough, in the millisecond bursts that birds sing and with the durability and portability to take out into the field, have been available," says Podos.

But now that the technology exists, Menezes and Podos intensively sampled the amplitude and frequency of hundreds of songs and calls from 53 species of birds, ranging from the Canada goose to the elusive black-and-gold cotinga from Brazil.

What they discovered was a mix.

"There's considerable variation across species," says Menezes. Of the 53 species the team sampled, 27 species' calls got higher pitched as they got louder, 12 species' calls got lower and louder, and 14 species showed no consistent pattern in the linkage between volume and pitch at all. What this means is that we can't simply point our finger at either physiology or evolution as an explanation for how birds' calls work.

But the team did find that songbirds, in particular, tended to narrow the range of frequencies they used as their volume increased. Some songbirds were able to focus their loudest calls on the higher frequencies, some at the lower. But nearly all of them were able to narrow their range.

"One of the specializations that songbirds have developed," says Podos, "is an ability to control the tension of their vocal apparatus as they ramp up and down in volume. Most birds don't have this. It means that songbirds could, in theory, have more evolutionary freedom in evolving their songs."

Or as Menezes puts it, "this might be a hint that songbirds are like opera singers and can actively control their frequencies to the ones that are most amplified by their bodies for the best projection."

Whatever the ultimate answer to the argument may be, we now know much more about how birdsong pitch and volume relate -- next time you're listening to the birds, see if you can hear the dynamic relationship between pitch and volume.
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On the origin (and fate) of plants that never bloom | ScienceDaily
Plants that reproduce exclusively by self-pollination arise from populations with extremely low diversity to begin with. The Kobe University research not only adds a facet to possible evolutionary strategies, but also lends weight to Darwin's suspicion that this strategy might be a path to extinction.


						
Charles Darwin once remarked, "It is hardly an exaggeration to say that Nature tells us, in the most emphatic manner, that she abhors perpetual self-fertilization." And yet, Kobe University botanist SUETSUGU Kenji knows of a few islands in Japan where orchids reproduce without ever opening their flowers. He says: "I've long been captivated by Darwin's skepticism about plants that rely entirely on self-pollination. When I found those non-blooming orchids, I felt this was a perfect chance to directly revisit this issue. The apparent defiance of evolutionary common sense made me wonder what precise conditions -- both environmental and genetic -- would allow a purely self-pollinating lifestyle to emerge, let alone persist."

On the Northern Ryukyu Islands of Kuroshima, Takeshima and Yakushima exist the only wild populations of plants known to reproduce solely by self-pollination. "Our group spent over ten years working with local plant enthusiasts, monitoring more than a hundred individual plants across several islands, so we can say with certainty that these orchids never open their flowers in their natural habitats," explains Suetsugu. He and his team decided to subject these populations to genetic analysis that can detect minute differences even between closely related individuals, which allowed them to track gene flow and relatedness.

In the journal Proceedings of the Royal Society B, the Kobe University-led team now reports that the extreme genetic uniformity between the plants in each species proves that they are truly purely self-pollinating. In addition, they also found that the two species each arose from insect-pollinated species that already have a very low degree of genetic variation in this geographic region. The variation is so low, in fact, that even though pollen might get transported from one plant to the next, it's nearly identical to self-pollination.

This is only made worse by another observation Suetsugu made: The cross-pollinating relatives on these islands rely on fruit flies with limited flight ability. The animals thus only pollinate, if they pollinate the plants at all, flowers of the same plant or of those that live very close by, even further reducing the benefit of insect pollination. Suetsugu explains: "Darwin's statement was motivated by the idea that a purely self-pollinating lineage would accumulate harmful mutations and eventually face an evolutionary dead end. Yet our findings show that for the relative species with open flowers, the real genetic payoff for outcrossing might be marginal, giving the self-pollinating orchids, which are more successful at producing fruit, an evolutionary edge."

As it turns out, Darwin's skepticism might not have been unfounded. Another result of the Kobe University study is that even with conservative estimates, these self-pollinating species are at most 2,000 years old. Given that there are no other known examples of purely self-pollinating plants in the wild, such species might be ephemeral. "The fact that these orchids truly never outcross raises intriguing questions about their long-term viability, especially under pressures like habitat fragmentation and climate change," says Suetsugu. He nevertheless is proud of his team's findings, saying, "Each new data point, each newly described species, brings me closer to grasping the full spectrum of evolutionary possibilities."

This research was funded by the Japan Society for the Promotion of Science (grants JP15K18470, JP17H05016 and JP18K06408), the Japan Science and Technology Agency (grant JPMJPR21D6), the Ministry of the Environment, Japan (grant 4-2001) and the Alexander von Humboldt Foundation. It was conducted in collaboration with researchers from Tohoku University, Osaka Metropolitan University, Fukushima University, and the National Institute of Genetics.
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A new complexity in protein chemistry | ScienceDaily
Proteins are among the most studied molecules in biology, yet new research from the University of Gottingen shows they can still hold surprising secrets. Researchers have discovered previously undetected chemical bonds within archived protein structures, revealing an unexpected complexity in protein chemistry. These newly identified nitrogen-oxygen-sulphur (NOS) linkages broaden our understanding of how proteins respond to oxidative stress, a condition where harmful oxygen-based molecules build up and can damage proteins, DNA, and other essential parts of the cell. The new findings were published in Communications Chemistry.


						
The research team systematically re-analyzed over 86,000 high-resolution protein structures from the Protein Data Bank, a global public repository of protein structures, using a new algorithm that they developed inhouse called SimplifiedBondfinder. This pipeline combines machine learning, quantum mechanical modelling, and structural refinement methods to reveal subtle chemical bonds that were missed by conventional analyses. Unexpectedly, NOS linkages were not restricted to previously known amino acid pairs but were also discovered between the amino acid pairs arginine-cysteine and glycine-cysteine. NOS linkages were first discovered by research led by Professor Kai Tittmann at Gottingen University.

"Our work shows that the Protein Data Bank still holds hidden chemistry," said Dr Sophia Bazzi at Gottingen University's Institute of Physical Chemistry, who led the study. "By developing new digital tools and revisiting existing data, we uncovered chemical interactions that had remained unnoticed for decades." These NOS bonds act as molecular switches, stabilizing proteins under oxidative stress and potentially influencing a whole range of biological processes. "Our approach has much wider implications," Bazzi adds. "It can uncover overlooked chemical bonds, leading to improved protein models and advancing protein engineering, drug design, and synthetic biology."
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Landmark report reveals key challenges facing adolescents | ScienceDaily
Poor mental health, rising obesity rates, exposure to violence and climate change are among the key challenges facing our adolescents today, according to a global report.


						
The landmark report, by experts in adolescent health including from Murdoch Children's Research Institute (MCRI), has revealed how supporting young people's health and wellbeing could improve economic, social and public health for generations to come.

The 2025 Lancet Commission on Adolescent Health and Wellbeing found investment in adolescents' health and wellbeing doesn't match the scale of the problems faced by young people. Bringing together 44 Commissioners and 10 Youth Commissioners, the Commission stated while adolescents make up 24 per cent of the population (about two billion people), they receive just 2.4 per cent of global development and health funding.

By 2030, more than half of adolescents will be living in countries where their demographic experiences an excess burden of complex disease.

The report found the ongoing challenges faced by this age group included:
    	High cases of poor mental health and limited support services
    	Increasing rates of obesity due to complex environmental and commercial factors
    	Lack of digital safety and exposure to cyberbullying and misinformation
    	Experiencing violence in conflict-affected areas and within the home
    	Ongoing fallout from the COVID-19 pandemic and related public health measures
    	Widening gaps in reproductive rights, particularly for young women
    	Environmental challenges and climate change impacts

Published in The Lancet, the report predicted that by 2050, 70 per cent of the world's adolescents will be living in urban areas. While this potentially brings benefits, rapid unplanned urbanisation may also accelerate poverty, isolation and insecure housing, it found.

The report stated that urban, public spaces should be more amenable and tailored to young people, such as safe and engaging spaces to congregate, which would have a powerful effect on health outcomes.




It also found urgent action was required to better protect young people from violence and ensure equitable access to education and reproductive rights. Almost half of adolescents have experienced violence, profoundly impacting their social and emotional development and wellbeing. Whilst global efforts have largely closed the gender gap in high school education, by 2030, almost a third of young women will not be in post-secondary education, employment or training.

MCRI Professor Peter Azzopardi said there was a great need for targeted actions that focused on early intervention.

"Meaningful, evidence-based, multi-sector partnerships with young people will be the key to improving health and wellbeing," he said. But we must remain accountable by ensuring that any progress is monitored closely and reported on regularly. As our population ages and fertility rates decline, the health of our adolescents becomes even more crucuial."

Potential solutions and actions outlined included:
    	Advocating for change and amplifying the needs and voices of young people
    	Developing goal-centred approaches through the Office of the UN Secretary with a focus on measuring and improving adolescent health and wellbeing
    	Involving young people in community-based environmental programs
    	Scaling up public health programs that improve sexual and reproductive health outcomes and reduce gender-based violence
    	Strengthening actions within health and education sectors while reinforcing collaborations
    	Limiting the exposure of advertising targeting adolescents
    	Promoting and encouraging the healthy use of social media and online spaces

MCRI Professor Susan Sawyer said partnerships with young people were a cornerstone of the report, which aimed to draw on their capability and leadership to help shape the world they wanted to live in.

"This report represents a wealth of current information about the state of our young people's health," she said. The findings are alarming and they demand urgent action and accountability, in collaboration with adolescents, to create safer spaces and meaningful change."

But Professor Sawyer said lack of national leadership around adolescent health remained a major barrier to overcoming the challenges.

"A common myth is that adolescents are healthy and therefore don't need health services," she said. Yet our findings show that in every country, adolescents need access to responsive health services that can confidentially identify and respond to their emerging health needs."

The report will be launched at the World Health Organization's 78th Health Assembly in Geneva.
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How to solve a bottleneck for CO2 capture and conversion | ScienceDaily
Removing carbon dioxide from the atmosphere efficiently is often seen as a crucial need for combatting climate change, but systems for removing carbon dioxide suffer from a tradeoff. Chemical compounds that efficiently remove CO? from the air do not easily release it once captured, and compounds that release CO2 efficiently are not very efficient at capturing it. Optimizing one part of the cycle tends to make the other part worse.


						
Now, using nanoscale filtering membranes, researchers at MIThave added a simple intermediate step that facilitates both parts of the cycle. The new approach could improve the efficiency of electrochemical carbon dioxide capture and release by six times and cut costs by at least 20 percent, they say.

The new findings are reported today in the journal ACS Energy Letters, in a paper by MIT doctoral students Simon Rufer, Tal Joseph, and Zara Aamer, and professor of mechanical engineering Kripa Varanasi.

"We need to think about scale from the get-go when it comes to carbon capture, as making a meaningful impact requires processing gigatons of CO2," says Varanasi. "Having this mindset helps us pinpoint critical bottlenecks and design innovative solutions with real potential for impact. That's the driving force behind our work."

Many carbon-capture systems work using chemicals called hydroxides, which readily combine with carbon dioxide to form carbonate. That carbonate is fed into an electrochemical cell, where the carbonate reacts with an acid to form water and release carbon dioxide. The process can take ordinary air with only about 400 parts per million of carbon dioxide and generate a stream of 100 percent pure carbon dioxide, which can then be used to make fuels or other products.

Both the capture and release steps operate in the same water-based solution, but the first step needs a solution with a high concentration of hydroxide ions, and the second step needs one high in carbonate ions. "You can see how these two steps are at odds," says Varanasi. "These two systems are circulating the same sorbent back and forth. They're operating on the exact same liquid. But because they need two different types of liquids to operate optimally, it's impossible to operate both systems at their most efficient points."

The team's solution was to decouple the two parts of the system and introduce a third part in between. Essentially, after the hydroxide in the first step has been mostly chemically converted to carbonate, special nanofiltration membranes then separate ions in the solution based on their charge. Carbonate ions have a charge of 2, while hydroxide ions have a charge of 1. "The nanofiltration is able to separate these two pretty well," Rufer says.




Once separated, the hydroxide ions are fed back to the absorption side of the system, while the carbonates are sent ahead to the electrochemical release stage. That way, both ends of the system can operate at their more efficient ranges. Varanasi explains that in the electrochemical release step, protons are being added to the carbonate to cause the conversion to carbon dioxide and water, but if hydroxide ions are also present, the protons will react with those ions instead, producing just water.

"If you don't separate these hydroxides and carbonates," Rufer says, "the way the system fails is you'll add protons to hydroxide instead of carbonate, and so you'll just be making water rather than extracting carbon dioxide. That's where the efficiency is lost. Using nanofiltration to prevent this was something that we aren't aware of anyone proposing before."

Testing showed that the nanofiltration could separate the carbonate from the hydroxide solution with about 95 percent efficiency, validating the concept under realistic conditions, Rufer says. The next step was to assess how much of an effect this would have on the overall efficiency and economics of the process. They created a techno-economic model, incorporating electrochemical efficiency, voltage, absorption rate, capital costs, nanofiltration efficiency, and other factors.

The analysis showed that present systems cost at least $600 per ton of carbon dioxide captured, while with the nanofiltration component added, that drops to about $450 a ton. What's more, the new system is much more stable, continuing to operate at high efficiency even under variations in the ion concentrations in the solution. "In the old system without nanofiltration, you're sort of operating on a knife's edge," Rufer says; if the concentration varies even slightly in one direction or the other, efficiency drops off drastically. "But with our nanofiltration system, it kind of acts as a buffer where it becomes a lot more forgiving. You have a much broader operational regime, and you can achieve significantly lower costs."

He adds that this approach could apply not only to the direct air capture systems they studied specifically, but also to point-source systems -- which are attached directly to the emissions sources such as power plant emissions -- or to the next stage of the process, converting captured carbon dioxide into useful products such as fuel or chemical feedstocks. Those conversion processes, he says, "are also bottlenecked in this carbonate and hydroxide tradeoff."

In addition, this technology could lead to safer alternative chemistries for carbon capture, Varanasi says. "A lot of these absorbents can at times be toxic, or damaging to the environment. By using a system like ours, you can improve the reaction rate, so you can choose chemistries that might not have the best absorption rate initially but can be improved to enable safety."

Varanasi adds that "the really nice thing about this is we've been able to do this with what's commercially available," and with a system that can easily be retrofitted to existing carbon-capture installations. If the costs can be further brought down to about $200 a ton, it could be viable for widespread adoption. With ongoing work, he says, "we're confident that we'll have something that can become economically viable" and that will ultimately produce valuable, saleable products.

Rufer notes that even today, "people are buying carbon credits at a cost of over $500 per ton. So, at this cost we're projecting, it is already commercially viable in that there are some buyers who are willing to pay that price." But by bringing the price down further, that should increase the number of buyers who would consider buying the credit, he says. "It's just a question of how widespread we can make it." Recognizing this growing market demand, Varanasi says, "Our goal is to provide industry scalable, cost-effective, and reliable technologies and systems that enable them to directly meet their decarbonization targets."

The research was supported by Shell International Exploration and Production Inc. through the MIT Energy Initiative, and the U.S. National Science Foundation, and made use of the facilities at MIT.nano.
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Common diabetes drug helps chickens lay more eggs | ScienceDaily
What do chickens and people with a common reproductive disorder have in common? More than one might think -- and a widely-used diabetes medication might just be the surprising link.


						
At Penn State, researchers discovered that metformin, a drug usually prescribed for type 2 diabetes and polycystic ovary syndrome (PCOS) in humans, can actually help chickens lay more eggs. Specifically, it helps broiler breeder hens -- the chickens that produce the broiler chickens we eventually eat -- stay fertile and produce eggs for longer, even as they age.

While the team has known that metformin can help egg production in chickens for a couple of years, they recently discovered how it works. They published their findings in the Biology of Reproduction.

Broiler breeder hens have been selectively bred for decades for their offspring to grow quickly and reach market weight fast -- a trait that helps meet the world's demand for affordable chicken meat. But there's a trade-off: As these birds age, their ability to lay eggs declines rapidly, limiting how long they can remain productive. This drop in fertile egg production resembles PCOS in humans, which also affects fertility and ovarian function. That's where metformin, a common treatment for PCOS, enters the picture.

PCOS, a hormonal disorder affecting women characterized by irregular menstrual cycles, is the most widespread endocrinological condition, affecting roughly 4% to 12% of women, and the main cause of infertility in women, according to the National Institutes of Health. Metformin is often used off-label to treat PCOS symptoms, improving insulin sensitivity, lowering excess hormone levels and helping to regulate menstrual cycles, potentially aiding fertility.

In a 2023 study published in Reproduction, researchers at Penn State gave a group of hens a small daily dose of metformin over 40 weeks. The results were striking: The hens laid more fertile eggs, had lower body fat and showed healthier reproductive hormone levels than those not given the drug.

"These findings suggest that metformin can significantly improve ovarian function in broiler breeder hens," said Ramesh Ramachandran, senior author on the study, professor of reproductive biology in the College of Agricultural Sciences.




The researchers then dug deeper to find out what exactly was happening inside the birds' bodies -- and they found the answer in the liver. The liver plays a key role in bird reproduction, as it's where egg yolk precursors are made. Using advanced gene sequencing techniques at Penn State's Huck Institutes of the Life Sciences, the team analyzed RNA -- genetic material that regulates many biological functions -- from liver samples.

Their findings, published in their latest paper in Biology of Reproduction, revealed that metformin "switched on" several genes involved in producing yolk proteins and maintaining stable blood sugar. At the same time, it "switched off" genes linked to fat buildup -- mirroring how metformin works in humans with metabolic disorders.

"Essentially, metformin helps older hens stay metabolically healthier, which lets them keep producing eggs well beyond their usual decline," said Evelyn Weaver, a postdoctoral researcher and lead author on both studies.

This finding could have major implications for poultry farming, the researchers said. By extending egg production in broiler breeder hens, farmers may be able to reduce flock turnover, improve animal welfare and increase efficiency -- all while using a medication that's affordable and safe. Metformin is quickly metabolized by these hens, Weaver pointed out, so it poses no risk of entering the human food supply.

The research was conducted in the Ramachandran lab in Penn State's Department of Animal Science, with contributions from Tae Hyun Kim, assistant professor of avian biology, and undergraduate researcher Nathan Connolly.

The U.S. Department of Agriculture and the National Institutes of Health funded the research.
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Molecules in blood and urine could reveal how much ultra-processed food you eat | ScienceDaily
Sets of metabolites found in blood and urine reliably correspond with how much energy from ultra-processed food a person consumes, according to a new study published May 20 in the open-access journal PLOS Medicine by Erikka Loftfield of the National Cancer Institute, USA, and colleagues.


						
Ultra-processed foods (UPFs) account for more than half of calories consumed in the average American diet, yet their impact on human health remains unclear, in part because it is so difficult to accurately track exactly how many UPFs people eat.

In the new study, researchers analyzed blood and urine samples from 718 older adults, alongside detailed dietary recalls, to identify chemical fingerprints, called poly-metabolite scores, linked to UPF intake.

The study found that hundreds of blood and urine metabolites were associated with the percentage of energy someone consumes from UPFs. A poly-metabolite score corresponding with UPF intake could be created using 28 of the blood metabolites or 33 urine metabolites. This score was predictive of UPF intake among participants using self-reported dietary data. The researchers then validated the scores in a controlled feeding study, confirming the scores could distinguish, within subjects, between high-UPF and no-UPF diets among 20 inpatients at the NIH Clinical Center with high-controlled diets. The scores also significantly differed between a UPF-heavy diet and one without UPFs.

"The identified poly-metabolite scores could serve as objective measures of UPF intake in large population studies to complement or reduce reliance on self-reported dietary data," the authors say. "Poly-metabolite scores should be evaluated and iteratively improved in populations with diverse diets and a wide range of UPF intake."

The authors add, "We developed and tested poly-metabolite scores in blood and urine that were predictive of diets high in energy from UPF intake in an observational study of free-living adults and in a highly controlled feeding trial, respectively. These poly-metabolite scores could serve as objective measures of UPF intake in large population studies to complement or reduce reliance on self-reported dietary data. Additionally, these findings could provide novel insight into the role of UPF in human health."
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How membranes may have brought about the chemistry of life on Earth | ScienceDaily
How life arose remains a looming question in science that researchers are seeking to answer by studying the features shared among life today. Everything alive is made up of cells, and what made the first cells different from chemical reactions occurring in the environment is a membrane. By investigating what properties these early membranes may have had, scientists can better understand how life began and evolved into the diversity of organisms we have today.


						
An important feature of membranes is what they allow to pass through and what they stop from entering the cell. This influences which molecules are involved in the biological processes that keep cells ticking. The researchers focused on a few types of molecules essential for all life: the sugars that make up the backbone of DNA and RNA and the building blocks of proteins, known as amino acids. The researchers were interested in these molecules not only because they are so pervasive across life, but they also twist in specific ways.

Biological molecules have a property called chirality, which refers to the way the molecule turns. It's like comparing your left hand to your right hand. Your hands are made up of the same structures, organized in fundamentally the same way, but flipped so that they are not identical. In biology, chirality is important for how molecules interact. For example, all the sugars in DNA and RNA need to have the same chirality (all be right-handed) to assemble into the backbone of a DNA or RNA strand. However, why life chose one chirality over the other has remained a lingering question.

The researchers propose that early membranes may have played a key part in selecting the right-handed sugars and left-handed amino acids that all life uses today. They analyzed what was able to pass through membranes with properties similar to those of archaea, a major group of microbes. The researchers also tested a membrane they designed that mixes archaeal and bacterial properties. For both types of membranes, the right-handed DNA and RNA sugars more easily passed through, while the left-handed versions had trouble permeating.

There was more variability among amino acids. Some left-handed amino acids were more likely to pass through the membrane with mixed bacterial and archaeal properties. This included the amino acid alanine, which is thought to be one of the first amino acids used by life. While this study doesn't paint a complete picture of the amino acids our cells use today, these findings demonstrate how differences in membranes strongly affect which amino acids are able to pass through. Since the membranes studied are only approximations of what the first life on earth may have been encased in, there may be other, unknown properties of the earliest membranes that influenced what we now consider our most essential molecules.

The authors add, "All known life uses a specific stereochemistry: left-handed amino acids and right-handed DNA. Understanding how this evolved is a long-standing mystery key for understanding the origin of life. Our experiments show that a specific type of membrane -- the structure that encloses cells -- acts as a sieve that selects for the stereochemistry life uses."
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Does renewable energy reduce fossil fuel production in the US? | ScienceDaily
Increasing renewable energy may not reduce the use of fossil fuels in the United States, according to a study by Ryan Thombs, assistant professor of rural sociology in Penn State's College of Agricultural Sciences.


						
In the study, published in the Journal of Environmental Studies and Sciences, Thombs analyzed fuel production data spanning 1997 to 2020 from the 33 states that produce fossil fuels in the U.S., which is the second largest greenhouse gas emitter and second largest energy producer in the world.

He found no association between the production of renewable energy and fossil fuels, which suggests that creating renewable energy did not lower or replace the production of fossil fuels. However, Thombs did find that more than 96% of the variation in fossil fuel production across the states was explained by fixed factors in each state, such as fossil fuel endowments -- the amount of fossil fuel deposits available in each state.

Thombs said the findings suggest that additional policies may be needed to help reduce the use of fossil fuels, since current renewable energy investment approaches often assume that more renewable energy naturally leads to less fossil fuel production.

"Policies could include ones that directly limit fossil fuel production through carbon taxes, setting production caps on fossil fuels and keeping fossil fuel reserves in the ground," he said. "Future research could consider other geographical contexts to see if the findings from this study are generalizable elsewhere and should also consider the effectiveness of specific policies that have been implemented."

Fossil fuels are a significant contributor to climate change, accounting for more than 75% of greenhouse gas emissions and almost 90% of carbon dioxide emissions, according to the United Nations.

Transitioning from fossil fuels to renewable energy can help mitigate climate change, and investments in these alternative, renewable forms of energy have been growing quickly -- now making up the largest percentage of new energy generation, Thombs said.




"However, many policies to this point assume that growth in renewable energy corresponds with a proportional decrease in fossil fuels," he said. "If it doesn't, then we may need to implement additional policies to reduce fossil fuel production directly rather than hope that deploying renewables will crowd out fossil fuels."

For the current study, Thombs used state-level data on per capita production of fossil fuels -- including coal, natural gas and crude oil -- as well as per capita renewable energy production, including energy produced from geothermal, conventional hydroelectric, solar thermal and photovoltaic, wind, wood and waste, and biofuels. He analyzed the data using three modeling approaches to ensure robust estimates.

One limitation of the study, Thombs said, was that the findings only apply to the U.S. and may not be true in other settings. The study also was limited to the time period in which the data was collected.

"It's possible that renewables will substitute fossil fuels as the broader political economy transforms, especially if state regulations are implemented," he said. "However, the findings do demonstrate that any such transition will be hindered by the close proximity of renewable and fossil fuel resources in many fossil-fuel-dependent states."
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Selenium exposure during pregnancy may reduce childhood streptococcal infections | ScienceDaily
Higher maternal selenium levels during pregnancy were associated with a lower risk of streptococcal infections in children, suggesting a potential protective effect.


						
Scientists from Hokkaido University have discovered that exposure to certain metals and trace elements during pregnancy may affect a child's risk of developing streptococcal infections, according to a new study published in PLOS ONE. These infections are common in children, especially those caused by Group A Streptococcus, a bacterium that commonly causes illnesses such as strep throat, skin infections, and, in severe cases, more serious complications like scarlet fever or invasive diseases. The findings could contribute to improved strategies for preventing childhood infections.

The research team tracked more than 74,000 mothers and their children from a nationwide study in Japan. They measured the mothers' blood levels of various metals and trace elements, including selenium, mercury, cadmium, lead, and manganese. The researchers then followed the children to see whether they developed streptococcal infections between the ages of three and four. Statistical analysis was used to explore potential links between maternal metal exposure and infection risk in the children.

"We found that mothers with higher selenium levels during pregnancy were less likely to have children who developed streptococcal infections. " says Hiroyoshi Iwata, the study's first author, from the Center for Environmental and Health Sciences at Hokkaido University. "This association was strongest among mothers with the highest selenium levels in their blood. However, high selenium concentrations during pregnancy can lead to toxicity and adverse effects, so caution is necessary. As this research is based on a single blood sample provided by pregnant mothers, and the results of this study alone should not be used to recommend selenium intake during pregnancy."

Selenium is a trace element that plays a key role in immune function, and previous studies have suggested that it may help the body combat infections by strengthening the immune system. These new findings support the idea that sufficient selenium levels during pregnancy could help enhance a child's immune defenses against bacterial infections.

This study supports the importance of ensuring adequate selenium intake during pregnancy for the benefit of children's long-term health and adds to a growing body of evidence suggesting that selenium plays a vital role in immunity. However, this study specifically analyzed the relationship between maternal selenium levels and streptococcus infections only, and did not evaluate the relationships with other infectious diseases. Further research is needed to fully understand how selenium supports the immune system and to determine the optimal levels during pregnancy.
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Clouding the forecast: Study reveals why so many climate models are wrong about the rate of Arctic warming | ScienceDaily
The Arctic is one of the coldest places on Earth, but in recent decades, the region has been rapidly warming, at a rate three to four times faster than the global average. However, current climate models have been unable to account for this increased pace.


						
Now, two researchers from Kyushu University, graduate student Momoka Nakanishi, from the Interdisciplinary Graduate School of Engineering Sciences, along with her adviser, Associate Professor Takuro Michibata, from the Research Institute for Applied Mechanics, have reported in a study, published April 29 in Ocean-Land-Atmosphere Research, that clouds may be to blame.

The most common clouds found in the Arctic are mixed-phase clouds, which contain both ice crystals and supercooled liquid water droplets. In the Arctic summer, when the sun shines around the clock, these clouds act like a parasol, reflecting sunlight back into space and providing a cooling effect. But in the long, dark Arctic winter, when there's no sunlight to reflect, these clouds act more like a blanket, trapping heat that's radiated from the Earth's surface and sending it back down to the Arctic's surface.

"However, how well these mixed-phase clouds trap heat depends on their ratio of ice to liquid," explains Nakanishi. "The more liquid water the clouds contain, the better they are at trapping heat. But many climate models have a large bias in representing this ratio, causing incorrect predictions."

In this study, Nakanishi and Michibata analyzed 30 climate models and compared them to satellite observations of clouds in the Arctic during winter over the last decade. They found that 21 of the 30 models significantly overestimated the fraction of ice to liquid in wintertime Arctic clouds.

"These ice-dominant models are not properly accounting for the present-day warming potential of the clouds during the winter," says Nakanishi. "That's why they cannot account for the rapid warming we are currently seeing."

However, every cloud has a silver lining. While climate models are underestimating the rate of global warming in the present day, they are overestimating the rate of global warming in the future.




The errors in future projections are due to a process called "cloud emissivity feedback." In a nutshell, as the Arctic warms, clouds shift from containing mostly ice to more liquid, which increases their ability to trap heat, further warming the Arctic and creating a positive feedback loop.

But importantly, this feedback loop has a time limit. Once clouds become so rich in liquid that they behave like blackbodies -- fully absorbing and re-emitting heat -- further warming has less effect.

However, because many climate models underestimate how much liquid is already present in today's clouds, they assume a larger shift still lies ahead. As a result, they overestimate how much extra heat-trapping will occur in the future, and predict the feedback effect will last longer than reality suggests.

Moving forward, the study's findings could be used to refine climate models so that they provide a more accurate representation of the ice-to-liquid ratio within clouds and better predictions of current and future rates of Arctic warming.

Since the Arctic's climate also plays a key role in shaping weather patterns further south, these findings could also lead to more accurate forecasts of extreme weather in mid-latitude regions.

"The biggest uncertainty in our forecasts is due to clouds," concludes Michibata. "Fixing these models is essential not just for the Arctic, but for understanding its impact on weather and climate change across the globe."
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Scientific breakthrough brings CO2 'breathing' batteries closer to reality | ScienceDaily
Scientists at the University of Surrey have made a breakthrough in eco-friendly batteries that not only store more energy but could also help tackle greenhouse gas emissions. Lithium-CO2 'breathing' batteries release power while capturing carbon dioxide, offering a greener alternative that may one day outperform today's lithium-ion batteries.


						
Until now, Lithium-CO2 batteries have faced setbacks in efficiency -- wearing out quickly, failing to recharge and relying on expensive rare materials such as platinum. However, researchers from Surrey have found a way to overcome these issues by using a low-cost catalyst called caesium phosphomolybdate (CPM). Using computer modelling and lab experiments, tests showed this simple change allowed the battery to store significantly more energy, charge with far less power and run for over 100 cycles.

The study, published in Advanced Science, marks a promising step toward real-world applications. If commercialised, these batteries could help cut emissions from vehicles and industrial sources -- and scientists even imagine they could operate on Mars, where the atmosphere is 95% CO2.

Dr Siddharth Gadkari, Lecturer in Chemical Process Engineering at the University of Surrey, and corresponding author of the study, said:

"There's a growing need for energy storage solutions that support our push toward renewable power while also tackling the growing threat of climate change. Our work on lithium-CO2 batteries is a potential game-changer in making that vision a reality.

"One of the biggest challenges with these batteries is something called 'overpotential' -- the extra energy needed to get the reaction going. You can think of it like cycling uphill before you can coast. What we've shown is that CPM flattens that hill, meaning the battery loses far less energy during each charge and discharge."

To understand why the CPM worked so well, teams from Surrey's School of Chemistry and Chemical Engineering and the Advanced Technology Institute used two approaches. First, they dismantled the battery after charging and discharging to study the chemical changes inside. These post-mortem tests found that lithium carbonate, the compound formed when the battery absorbs CO2, could be reliably built up and removed -- an essential feature for long-term use.




They then turned to computer modelling using density functional theory (DFT), which allows researchers to explore how the reactions unfold on the material surface. Results showed how the CPM's stable, porous structure offered the ideal surface for key chemical reactions.

Dr Daniel Commandeur, Future Fellow at the University of Surrey and corresponding author of the study, said:

"What's exciting about this discovery is that it combines strong performance with simplicity. We've shown that it's possible to build efficient lithium-CO2 batteries using affordable, scalable materials -- no rare metals required. Our findings also open the door to designing even better catalysts in the future."

The discovery opens new doors for developing even better low-cost, easy-to-make battery materials. With further research into how these catalysts interact with electrodes and electrolytes, lithium-CO2 batteries could become a practical, scalable way to store clean energy, while helping reduce carbon in the atmosphere.
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Forest management can influence health benefits | ScienceDaily
Forests play a crucial role in promoting health and wellbeing, but not all forests provide the same benefits. A large-scale international study, co-led by the University of Surrey and the University of Ghent, demonstrates how specific forest characteristics -- such as canopy density and tree species diversity -- can affect various health outcomes.


						
The research, published in Nature Sustainability, was carried out by a range of international partners within the Dr. Forest research project, investigated 164 forests across five European countries, offering valuable insights for forest management and urban planning. The study examined seven ecological characteristics of forests and their influence on different human health effects.

Tree species diversity was found to have a limited but positive effect on human health and wellbeing. Increasing tree species diversity is therefore considered a safe and beneficial intervention for forest managers, which also provides multiple co-benefits beyond human health, such as supporting associated non-tree biodiversity.

Forest structures -- particularly, the canopy structure -- were found to have the strongest health impact, both with its own benefits and drawbacks. Dense canopy reduces heat stress by providing more shade and creating a more stable microclimate, while also improving air quality by increasing leaf surface area for fine particulate matter deposition -- both crucial elements in urban areas where heatwaves and airborne pollutants are more frequent.

On the other hand, a dense canopy can also increase the risk of Lyme disease -- as ticks thrive in humid climates -- and lead to less light reaching the forest floor, which can hinder the growth of medicinal plants, affecting their potential health benefits.

From a mental health standpoint, just being in a forest was found to be beneficial, reducing anxiety and stress, and increasing positive emotions. Forests that people perceived to be more biodiverse and natural were also found to be the most beneficial for mental health.

Dr Melissa Marselle, Lecturer in Environmental Psychology at the University of Surrey, said:

"Our study shows that forests generally provide a mental health benefit, reducing anxiety and stress, regardless of their biodiversity or structure. As one in six people in England experience anxiety and depression each week, this research suggests that simply being in a forest can improve mental health. For the UK, this means preserving urban forests so people can easily access forests where they live, work and play for their mental wellbeing. Contact with forests could be prescribed by the NHS, as research shows that NHS nature prescriptions are effective at improving mental health."
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Household action can play major role in climate change fight | ScienceDaily
Encouraging people in North America and Sub-Saharan Africa to adopt a low-carbon lifestyle could help to cut global household emissions of planet-warming carbon dioxide by up to two-fifths, a new study reveals.


						
Researchers have identified 21 low-carbon actions that, if adopted by the top 23.7% of global emitters, could reduce global carbon footprints by 10.4 gigatons of CO2 equivalent -- some 40.1% of household consumption-based emissions in the 116 countries analysed.

The international research team found that North America shows substantial reduction potential, while some Sub-Saharan African countries -- such as Mauritius, Namibia, and Chad -- present unexpected mitigation possibilities.

Steps which households could take to create the maximum impact in reducing carbon levels include:
    	Reducing the use of commercial services (potential reduction of 10.9%)
    	Shifting towards a healthy vegan diet, reducing consumption of animal-based food, sugar, and unhealthy processed food products (potential reduction of 8.3%)
    	Implementing energy-efficient building standards, with a potential reduction of 6.0%)
    	Moving from private vehicles to public transportation (potential reduction of 3.6%).
    	Sharing and repairing home appliances (potential reduction of 3.0%)

Publishing their findings in Nature Communications, an international group of researchers reveal that the impact of changes in consumption patterns related to mobility and services could contribute 11.8% and 10.2% of emission reductions, respectively.

As the University of Birmingham prepares to contribute to this year's COP30 environmental summit in Brazil, the experts note that North America shows substantial reduction potential, while some Sub-Saharan African countries present unexpected mitigation possibilities.

The corresponding author, Dr Yuli Shan, from, the University of Birmingham, commented: "Our study shows that adopting low-carbon lifestyles can play a pivotal role in mitigating climate change. By targeting high-emitting households, we can achieve significant carbon reductions and move closer to our global climate targets."

Researchers analysed household expenditure data targeting households exceeding the global per-capita average required to stay below 2 degrees Celsius -- providing a comprehensive analysis of the carbon reduction potential of various low-carbon actions.




Dr. Yuru Guan, the first author of the study, commented: "This study, a key component of my doctoral thesis, demonstrates that adopting consumption-based low-carbon strategies is essential for climate mitigation." Dr Yuru Guan has recently received her doctoral degree from the University of Groningen and now works as a postdoctoral researcher at the University of Birmingham.

Their findings underscore the importance of engaging consumers in addressing climate change -highlighting the need for equitable measures that target high emitters while supporting those facing barriers to low-carbon transitions, such as energy poverty.

The other corresponding author, Professor Klaus Hubacek, from the University of Groningen, commented: "This research provides valuable insights into the potential of lifestyle changes for reducing carbon footprints. It is crucial for policymakers to consider these findings and implement strategies that encourage sustainable consumption patterns."
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New research reveals Puff adders as an important conservation and rodent control solution | ScienceDaily
Puff adders, one of Africa's most widespread snakes, could be agricultural heroes in disguise.


						
New research from the University of the Witwatersrand in Johannesburg, South Africa, has revealed that puff adders (Bitis arietans) can be highly efficient at controlling rodent populations that threaten agricultural production on the continent.

Puff adders can increase their food consumption by more than 12 times above their maintenance levels when rodent populations surge -- far outperforming traditional mammalian predators and offering a natural solution to devastating rodent pest problems.

"Puff adders are essentially nature's perfect rodent control system," says Professor Graham Alexander, who conducted the study. "Their ability to dramatically increase consumption during rodent outbreaks makes them invaluable allies for farmers facing potential crop devastation."

Published in Scientific Reports, the study shows that individual adders can consume up to 10 rodents in a single feeding session. They are ready to feed again just a week later, providing continuous pest management with zero cost to farmers. Rodent outbreaks during high rainfall years cause millions in crop damage annually, but maintaining healthy puff adder populations could significantly reduce these losses without costly chemical interventions.

Offering a compelling case for snake conservation, the research identifies several key advantages of puff adders as natural pest controllers:
    	Their ability to increase consumption above maintenance levels dramatically outperforms mammalian predators such as weasels and lynx
    	They can survive up to two years without food after periods of abundant feeding, remaining in the ecosystem as "on-call" rodent controllers
    	They adapt their hunting to target rodents specifically when populations begin increasing
    	They can respond rapidly to prevent rodent numbers from reaching plague proportions

"What's particularly valuable about puff adders is their natural abundance in many African habitats," says Alexander. "While an individual Puff Adder consumes much less than a fox or mongoose, their higher population abundance creates a formidable collective impact on rodent numbers."

In conducting this research, Alexander used a new measure called "factorial scope of ingestion," which measures how much a predator can increase its food intake above normal maintenance levels, as well as the impact that a large population of snakes might have on prey animals. By increasing their prey intake by 12 times their normal food needs during rodent blooms, a large population of snakes can have a considerable impact on keeping possible pest outbursts under control. This study challenges the traditional view of snakes as agricultural pests and reframes them as beneficial partners for sustainable farming.

"These findings demonstrate that puff adder population management should be an essential component of integrated pest management strategies," says Alexander. "By protecting these natural controllers, we can harness their remarkable abilities to support both ecosystem health and agricultural productivity across Africa. This also highlights the need to have snakes included in conservation management plans."
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Advanced genomics study improves detection of hard-to-find diarrheal infections | ScienceDaily
A University of Liverpool study has used advanced genetic and genomic techniques to offer a major step forward in understanding and diagnosing infectious intestinal diseases.


						
The large-scale study analysed more than 1,000 stool samples from people with diarrhoeal illness to harness two cutting edge tools.

Diarrhoea, a common symptom of infectious intestinal disease, affects an estimated 18 million people each year in the UK. However, despite its prevalence, traditional lab tests often fail to recognise its cause, especially when infections are caused by unidentifiable or emerging pathogens. This newly published study used metagenomic (DNA-based) and metatranscriptomic (gene or RNA-based) sequencing. Unlike traditional methods, these techniques do not rely on growing organisms in a lab. Instead, they detect and analyse the genetic material directly from patient samples.

Co-lead author, Dr Edward Cunningham-Oakes, Institute of Infection, Veterinary and Ecological Sciences, University of Liverpool said: "This is the UK's largest study to compare traditional diagnostics with these next-generation tools. We not only found infections missed by standard tests, but we could see what the bugs were doing inside the gut -- something standard diagnostics just can't show."

The work captures, for the first time, a comprehensive snapshot of the Salmonella gene expression directly from a human stool sample. The transcriptomic data provides new insights into how the bacteria survive and adapt after leaving the human gut. As Salmonella remains a priority diarrhoeal pathogen in the UK, the knowledge will be invaluable for helping scientists to target this dangerous pathogen.

The study's key findings highlight the power of RNA tests in detecting hidden infections -- including elusive parasites and RNA viruses -- while also identifying which genes are active during infection. Remarkably, RNA remained stable in stool samples even without preservatives, suggesting it is more robust than previously thought. Notably, the ratio of RNA to DNA helped differentiate true infections from harmless gut microbes. By combining both DNA and RNA data, researchers gained the clearest and most accurate picture of the infection process.

Co-lead Professor Alistair Darby, Co-Director of the University's Centre for Genomic Research said: "This study shows how genetic tools can revolutionise how we identify and understand intestinal infections. By understanding not just what's there, but what it's doing, we can improve public health responses, particularly around foodborne outbreaks."

The findings could significantly impact how diarrhoeal diseases are diagnosed, managed, and studied in the UK and beyond -- especially in light of the growing need for rapid, accurate diagnostics that don't rely on outdated culturing methods.




The research also highlights the strategic role of Liverpool's Centre for Genomic Research (CGR) and the new Microbiome and Infectious Disease (MaID) initiative, which is part of the Liverpool City Region's Life Sciences Innovation Zone.

Professor Alistair Darby continued: "This is about more than diagnosing infections -- it's about building a platform for innovation in healthcare. Our previous work has shown that healthcare professionals are open to this. By making our data open-access, we hope to help other researchers, NHS labs, and public health agencies build on our work."

Dr. Edward Cunningham-Oakes added: "Our results show that RNA, once thought too fragile to use in stool testing, can actually give us powerful insights into how infections work. That opens up new possibilities for diagnosing and treating these illnesses more effectively."

The research, led by scientists at the University of Liverpool, including Salmonella experts Dr Blanca Perez-Sepulveda and Professor Jay Hinton, was funded by the NIHR Health Protection Research Unit in Gastrointestinal Infections (HPRU-GI), a collaboration between the University of Liverpool, UK Health Security Agency, and other partners.
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Asian elephants have larger brains than their African relatives | ScienceDaily
African elephants are the largest land animals on earth and significantly larger than their relatives in Asia, from which they are separated by millions of years of evolution. Nevertheless, Asian elephants have a 20 percent heavier brain, as scientists from Humboldt-Universitat zu Berlin and the Leibniz Institute for Zoo and Wildlife Research (Leibniz-IZW) were able to demonstrate together with international colleagues. They also showed that elephant brains triple in weight after birth. These results, published in the scientific journal "PNAS Nexus," provide potential explanations for behavioural differences between African and Asian elephants as well as for the pachyderms' long youth, during which they gain enormous experience and learn social skills.


						
Elephants are among the best-known and most iconic animal families and are considered to be exceptionally social and intelligent -- yet surprisingly little is known about their brains. An international research team led by Malav Shah and Michael Brecht from the Bernstein Center for Computational Neuroscience at Humboldt-Universitat zu Berlin (BCCN) and Thomas Hildebrandt from the Leibniz-IZW has now analysed the weight and structure of the brains of Asian elephants (Elephas maximus) and African elephants (Loxodonta africana) based on dissections of wild and zoo animals as well as on literature data and MRI scans.

They showed that externally visible differences -- Asian elephants are smaller, have relatively smaller ears, only one "trunk finger" and most of the females have no tusks -- and some of the associated behavioural differences extend to the inside of their huge skulls: Adult female Asian elephants have significantly heavier brains, weighing a good 5,300 grams on average, than their African counterparts, which average just over 4,400 grams. This finding could not be conclusively confirmed for male elephants (which have significantly heavier brains in both species) owing to the limited data available on Asian elephants. However, the cerebellum is proportionally heavier in African elephants (a good 22 per cent of the total brain weight) than in Asian elephants (a good 19 per cent).

Elephant brains grow almost as much as human brains after birth

The scientists were also able to show that elephants exhibit very large postnatal brain growth. The brains of adult elephants are about three times as heavy as they were at birth. This means that elephants have a significantly higher lifetime brain growth than all primates -- with the exception of humans, in which the brain at birth weighs only around a fifth of its final weight.

The fact that these findings on the size of elephant brains are new is explained by the challenging acquisition of the objects of investigation: Extracting elephant brains from the skulls of deceased animals is a complex and very rarely performed veterinary procedure. For the present study, 19 brains were analyzed that were extracted at the Leibniz-IZW from deceased zoo animals or animals euthanized for animal welfare reasons (14) or obtained from dissections of wild elephants that had died (5), including in Kruger National Park in South Africa. In addition, the scientists were able to include data on six additional brains from an earlier study by another research team in their analysis.

Brain size as a possible explanation for differences in behaviour and motor skills?

"The difference in brain weight is perhaps the most important difference between these two elephant species," says Malav Shah from the BCCN, first author of the paper. "It could explain important behavioural differences between Asian and African elephants." For example, both species show very different behaviour when interacting with humans. Asian elephants have been partially domesticated over thousands of years and are used as work animals in different cultures and regions. In the case of African elephants, there are only very few cases in which domestication was even partially successful. It is much more difficult to habituate African elephants to human company than Asian elephants.

The fact that their brains grow so much over the course of an elephant's life seems plausible to the study heads, Michael Brecht and Thomas Hildebrandt: "Social factors and learning processes could explain the strong brain growth after birth, as elephants live in complex social structures and have an outstanding memory. The experience and accumulated knowledge of adult elephants, especially matriarchs, is central to the group behaviour of elephants and the young animals are very closely cared for over a long period of childhood and adolescence." The fact that the cerebellum is larger in African elephants relative to the animals' overall size could be related to the more complex motor function of the trunk in this species. With their two trunk fingers, African elephants can perform more diverse movements, which is also reflected in a higher number of neurons in the trunk's control centre in the brain.

Brecht and Hildebrandt point to the many unanswered questions in researching the brains of Asian and African elephants and their significance for motor skills and social behaviour. They will continue their intensive research into these fascinating, intelligent animals and their "control centres."
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Wild spinach offers path to breed disease resistance into cultivated varieties | ScienceDaily
Several varieties of wild spinach that originated in Central Asia show resistance to a destructive soil-borne pathogen that beleaguers growers of spinach seed in the Pacific Northwest -- a finding that can be used to breed hardier crops.


						
Researchers at Washington State University's Mount Vernon Northwestern Washington Research & Extension Center demonstrated in a new paper that some strains of wild spinach are resistant to Fusarium wilt, a fungal disease that is a persistent problem for growers of commercial spinach seed, and they identified regions of the plants' genome associated with that resistance.

The findings are important for seed growers in western Washington and Oregon, where a significant portion of the world's spinach seed is grown and where the pathogen has long been a problem due to the acidic soils.

"We were very, very pleased we found some excellent resistance when we did the screening and then we followed up with the DNA sequencing and looking at where that resistance might be lying," said Lindsey du Toit, a plant pathologist who has worked on fighting disease in seed crops for 25 years at WSU's Mount Vernon NWREC.

Though the new paper, published this month in Scientific Reports, identified several varieties of wild spinach associated with resistance to Fusarium wilt, more study is needed to understand the genetic nature of the resistance. However, seed companies don't have to wait to apply the findings -- they can begin breeding hybrids with the wild spinach varieties that showed resistance.

"You don't necessarily have to understand the mechanism of resistance in order to use it," du Toit said. "This is a tool that's available immediately to breeding programs."

Spinach consumption has been growing dramatically around the world. In the U.S., the per-capita consumption of the vitamin-rich vegetable has more than doubled in the past 20 years, with a particularly strong market for baby leaf spinach.




Most of the domestic crop is grown in hot, dry regions such as California, Texas and Florida. But growing spinach seed requires a rare combination of seasonal conditions -- long, dry summers that aren't too hot. As a result, around a fifth of the world's spinach seed is grown in the Pacific Northwest.

But those crops have little resistance to Fusarium wilt, which afflicts spinach by entering through the roots and blocking their ability to take up water. Seed growers have tried to manage this problem by rotating spinach crops on long timeline -- a decade or more between plantings -- and taking other measures to treat the soil with calcium carbonate to reduce the acidity.

Even so, the prospect of an expensive "wipeout" of an entire crop has remained a continual threat.

In the current study, du Toit and a former post-doctoral researcher in her lab, Sanjaya Gyawali, screened 68 varieties of wild spinach from the region where the plant originated -- Uzbekistan and Tajikistan -- and compared them to 16 cultivated varieties. Researchers from the University of Arkansas also participated in the study.

They found strong resistance to the pathogen in several wild varieties. They then identified the chromosomal locations associated with the most powerful resistance. Those locations -- known as quantitative trait loci -- can be used by breeders to introduce more resistance to Fusarium wilt into commercial lines using marker-assisted selection, a technique that uses DNA markers to select for desirable traits.

The work was funded in part by the Specialty Crop Research Initiative of the U.S. Department of Agriculture's National Institute of Food and Agriculture. The project was also supported by WSU CAHNRS Hatch Projects, and the Alfred Christianson Endowment in Vegetable Seed Science.
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'Sharkitecture:' A nanoscale look inside a blacktip shark's skeleton | ScienceDaily
Sharks have been evolving for more than 450 million years, developing skeletons not from bone, but from a tough, mineralized form of cartilage. These creatures are more than just fast swimmers -- they're built for efficiency. Their spines act like natural springs, storing and releasing energy with each tailbeat, allowing them to move through the water with smooth, powerful grace.


						
Now, scientists are peering inside shark skeletons at the nanoscale, revealing a microscopic "sharkitecture" that helps these ancient apex predators withstand extreme physical demands of constant motion.

Using synchrotron X-ray nanotomography with detailed 3D imaging and in-situ mechanical testing, researchers from the Charles E. Schmidt College of Science and the College of Engineering and Computer Science at Florida Atlantic University, in collaboration with the German Electron Synchrotron (DESY) in Germany, and NOAA Fisheries, have mapped the internal structure of blacktip sharks (Carcharhinus limbatus) in unprecedented detail.

Results of the study, published in ACS Nano, reveal two distinct regions within the blacktip shark's mineralized cartilage: the corpus calcareum and the intermediale. Though both are composed of densely packed collagen and bioapatite, their internal structures differ significantly. In both regions, mineralized plates are arranged in porous structures, reinforced by thick struts that help the skeleton withstand strain from multiple directions -- a critical adaptation for sharks, whose constant swimming places repeated stress on the spine.

At the nanoscale, researchers observed tiny needle-like bioapatite crystals -- a mineral also found in human bones -- aligned with strands of collagen. This intricate structure gives the cartilage surprising strength while still allowing flexibility.

Even more intriguing, the team discovered helical fiber structures primarily based on collagen -- suggesting a sophisticated, layered design optimized to prevent cracks from spreading. Under strain, fiber and mineral networks work together to absorb and distribute force, contributing to the shark's resilience and flexibility.

"Nature builds remarkably strong materials by combining minerals with biological polymers, such as collagen -- a process known as biomineralization. This strategy allows creatures like shrimp, crustaceans and even humans to develop tough, resilient skeletons," said Vivian Merk, Ph.D., senior author and an assistant professor in the FAU Department of Chemistry and Biochemistry, the FAU Department of Ocean and Mechanical Engineering, and the FAU Department of Biomedical Engineering. "Sharks are a striking example. Their mineral-reinforced spines work like springs, flexing and storing energy as they swim. By learning how they build such tough yet adaptable skeletons, we hope to inspire the design of next-generation materials."

In experiments applying mechanical stress on microscopic samples of shark vertebrae, the researchers observed tiny deformations -- less than a micrometer -- after a single cycle of applied pressure. Interestingly, fractures only occurred after a second round of loading and were contained within a single mineralized plane, hinting at the material's built-in resistance to catastrophic failure.




"After hundreds of millions of years of evolution, we can now finally see how shark cartilage works at the nanoscale -- and learn from them," said Marianne Porter, Ph.D., co-author and an associate professor in the FAU Department of Biological Sciences. "We're discovering how tiny mineral structures and collagen fibers come together to create a material that's both strong and flexible, perfectly adapted for a shark's powerful swimming. These insights could help us design better materials by following nature's blueprint."

Found in warm, shallow coastal waters worldwide, blacktip sharks are sleek, fast-swimming predators known for their incredible agility and speed, reaching up to 20 miles per hour. One of the most striking behaviors they display is leaping and spinning out of the water, often during feeding -- an acrobatic move that adds to their mystique.

This research not only enhances the biomechanical understanding of shark skeletons but also offers valuable insights for engineers and materials scientists.

"This research highlights the power of interdisciplinary collaboration," said Stella Batalama, Ph.D., dean of the College of Engineering and Computer Science. "By bringing together engineers, biologists and materials scientists, we've uncovered how nature builds strong yet flexible materials. The layered, fiber-reinforced structure of shark cartilage offers a compelling model for high-performance, resilient design, which holds promise for developing advanced materials from medical implants to impact-resistant gear."

Study co-authors are Dawn Raja Somu, Ph.D.; and Steven A. Soini, Ph.D., two recent Ph.D. graduates from the Charles E. Schmidt College of Science; Ani Briggs, a former undergraduate student in the FAU College of Engineering and Computer Science; Kritika Singh, Ph.D.; and Imke Greving, Ph.D., scientists at outstations of the DESY PETRA III X-ray light source operated by Helmholtz-Zentrum Hereon; and Michelle Passerotti, Ph.D., a research fish biologist at NOAA Fisheries.

This research was supported by a National Science Foundation (NSF) grant awarded to Merk; an NSF CAREER Award, awarded to Porter; and seed funding from the FAU College of Engineering and Computer Science and FAU Sensing Institute (I-SENSE). The acquisition of a transmission electron microscope was supported by a United States Department of Defense instrumentation/equipment grant awarded to Merk.
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Cool science: Researchers craft tiny biological tools using frozen ethanol | ScienceDaily
Imagine drawing on something as delicate as a living cell -- without damaging it. Researchers at the University of Missouri have made this groundbreaking discovery using an unexpected combination of tools: frozen ethanol, electron beams and purple-tinted microbes.


						
By advancing a method called ice lithography, the team was able to etch incredibly small, detailed patterns directly onto fragile biological surfaces.

While traditional lithography is commonly used to make tiny circuits and other electronic parts for phones and computers, it relies on a liquid process that can easily harm delicate materials, including carbon nanotubes and biological membranes.

That's where Mizzou's ice-based approach stands out. By using a layer of frozen ethanol instead of liquid, they've created a gentler, more precise way to work with materials once considered too fragile to handle.

"Instead of using a traditional lithography process, which can be too harsh on delicate biological materials, our technique applies a thin layer of ice to protect the material's surface while the pattern is made," Gavin King, a professor of physics and study co-author, said. "That frozen layer helps keep everything stable during the process and makes it possible for us to work with delicate biological materials that would normally be damaged substantially."

Mizzou has one of only three labs in the world -- and the only one in North America -- using this ice lithography method. What sets the work apart is the use of ethanol ice, which protects delicate biological materials where regular water ice would cause damage.

To test their new ethanol-ice-based method, researchers used Halobacterium salinarum, a tiny microorganism that makes a purple protein capable of capturing sunlight and turning it into energy -- akin to nature's version of a solar panel. Well known in biology since the 1970s, this microbe's ability to efficiently convert light into energy makes it a promising candidate for developing new kinds of power sources.




While Mizzou's discovery is proof of concept, the team is excited about its future potential, including the possibility of using these delicate purple membranes to create solar panels.

How it works

Here's how the ice lithography method works.

First, researchers place the biological membrane on a cold surface inside a scanning electron microscope. The temperature is lowered to extremely cold levels, below -150degC. Then, when they add ethanol vapor, it instantly freezes into ethanol ice and forms a thin, smooth layer over the membrane.

Next, a focused beam of electrons draws tiny patterns in the frozen layer. Once completed, the surface is gently warmed. The parts of the ice that weren't hit by the beam are sublimed away, while the pattern -- now a solid material -- is left behind.

"The patterns we're making are smaller than 100 nanometers wide, and more than 1,000 times thinner than a strand of human hair," Dylan Chiaro, graduate student and lead author of the study, said. "It's a major step toward working with some of biology's most delicate components."

A collaborative effort




This finding from researchers at Mizzou's College of Arts and Science brings together the fields of biology, chemistry, physics and space science, and could transform how scientists work with the tiniest building blocks of life -- molecules, proteins and atoms.

Suchi Guha, a professor of physics and study co-author, helped identify the structure of the resulting material. Using a high-sensitivity tool that examines how light interacts with molecules, called surface-enhanced Raman scattering, her lab discovered that the solid material behaves similarly to carbon fiber.

After the process was completed, the purple membrane was nearly unchanged -- only losing less than one nanometer in thickness. This proves that researchers can use this process to create patterns directly on fragile biological materials without damaging them -- a challenge that has perplexed scientists.

Bernadette Broderick, an assistant professor of chemistry and study co-author, helped discover the presence of ketene, a short-lived chemical that forms during the electron beam process. King believes this discovery by Broderick's lab, which specializes in astrochemistry, can help explain how the ethanol ice transforms into a stable, solid material -- a critical step in understanding the chemistry and physics behind the method.

"Each lab contributed a different piece of the puzzle," King said. "This kind of interdisciplinary teamwork is what really made the discovery possible."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250520121257.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Agrivoltaics enjoys comparatively high acceptance | ScienceDaily
Photovoltaic systems are increasingly being installed not only on roofs but also on open land. This does not always meet with citizens' approval. What is known as agrivoltaics (Agri-PV), however, is viewed more favorably, as researchers at the University of Bonn have now been able to show. In this case, the solar cells are installed in spaces used for agriculture -- such as on pastures or as a canopy over grapevines. According to a survey of almost 2,000 people, this form enjoys much higher acceptance than normal solar parks. The study has been published in the journal Land Use Policy.


						
Solar electricity is an important environmentally friendly energy source. However, the light-sensitive panels swallow up a great deal of space. Many citizens also consider the systems to be unattractive and annoying -- especially if arable land and grassland has been sacrificed for them.

One alternative is what is known as agrivoltaics. This involves installing the panels on land that continues to be used for agriculture -- grain fields, pastures, apple orchards, or vineyards. "They usually reduce the yield," explains Hendrik Zeddies from the Center for Development Research (ZEF) at the University of Bonn. "However, they sometimes also create synergies. For example, the solar cells can be used as a transparent canopy to protect fruit trees or grapevines from hailstones or harsh sunlight. On wheat fields, they often serve as wind protection -- similar to a wall or a hedge."

Cows graze between solar panels

The study that has now been published also shows that agrivoltaics offers a further advantage that should not be underestimated: It clearly enjoys much greater acceptance among the public than conventional solar parks. This is at least what the results of an online survey involving almost 2,000 men and women from Germany indicate. Zeddies is one of its initiators, alongside his colleagues Dr. Martin Parlasca and Prof. Dr. Matin Qaim, Director of the ZEF.

The respondents were chosen in such a way that their composition with regard to age, sex, education, income, and state of residency reflected the German population. They were initially given information on the advantages and disadvantages of agrivoltaics and conventional solar parks on open land. They were then assigned at random to one of three groups. The first saw photos of a pasture and, as a comparison, a meadow on which long rows of solar panels stood between the grazing cows. Similarly, the second group looked at pairs of images of a wheat field with and without solar panels, the third of a vineyard. These images were each compared with pure solar parks in the same landscape scene.

"We asked the participants how they assessed the intervention in the respective landscape," explains Zeddies. "For instance, how attractive or unattractive they found the areas shown or how they assessed their recreational value." In addition, they were asked to state whether they would be willing to accept a price premium for the electricity produced in the respective areas -- or the reverse: Whether they would pay money to prevent the solar park.




Almost 44 percent would pay more for agrivoltaic electricity

The results show that agrivoltaics met with much higher acceptance -- regardless of the scenario shown: Almost 44 percent would pay more for electricity from these areas; however, only 29 percent would be willing to do so for normal solar parks on open land. Just 2.9 percent would also finance measures to prevent agrivoltaics out of their own pockets -- the figure was 4.8 percent for conventional parks. Although the respondents were generally of the opinion that photovoltaics impairs the view of the landscape, these negative impacts were lower in their eyes when it came to agrivoltaics -- presumably because it makes a difference whether solar energy production is pushing agriculture aside or whether energy and food production are combined.

"Our survey is hypothetical -- the participants do not really have to spend any money," stresses Prof. Dr. Matin Qaim, who is also a member of the Transdisciplinary Research Area (TRA) "Sustainable Futures" and the Cluster of Excellence "PhenoRob." "Nevertheless, the results allow us to conclude that agrivoltaics meets with greater acceptance among the public than normal open-space solar systems." Agrivoltaics could, therefore, be a way to accelerate the development of environmentally friendly energy without provoking major conflicts among the population and jeopardizing food security.

However, Zeddies, who himself grew up on a farm, still sees unanswered questions. For instance, the costs for these systems are higher than for conventional open-space systems. As agrivoltaics also delivers lower electricity yields, these initial investments only amortize very slowly. "Without subsidies, it will presumably not be possible to install many systems," he says.
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Why some viral infections appear to trigger autoimmune disease | ScienceDaily
Chikungunya virus (CHIKV) is a mosquito-borne pathogen that has been identified in more than 110 countries around the world. The virus typically causes flu-like symptoms, but it can also trigger chronic, severe joint pain in some people.


						
Researchers at La Jolla Institute for Immunology (LJI) are working to understand how a viral infection can cause persistent joint pain that closely resembles rheumatoid arthritis, an autoimmune disease.

In a new study, LJI scientists share a critical first look at how the body's T cells target CHIKV. Their research suggests CD4+ T cells step up to fight the virus -- and cause chronic inflammation in the process. This discovery may help explain why some people infected with CHIKV develop severe joint pain.

"Autoimmune diseases like rheumatoid arthritis have exactly these parameters," says LJI Assistant Professor Daniela Weiskopf, Ph.D., senior author of the new study and member of LJI's Center for Vaccine Innovation.

The findings, published recently in Cell Reports Medicine, offer new clues to why some viral infections appear to trigger autoimmune disease. The research may also help guide the development of therapies to block harmful inflammation.

Testing immune cells vs. Chikungunya virus

Weiskopf and her colleagues studied immune cells found in blood samples from a group of CHIKV patients in Colombia. The researchers tested how immune cells from these patients responded to small molecular chains, called peptides, from Chikungunya virus.




This experiment revealed which types of immune cells take the lead in fighting CHIKV infection. The researchers also captured the first-ever look at which sites on CHIKV, called viral epitopes, drew the strongest immune cell responses.

To their surprise, the researchers found that a type of T cells called CD4+ T cells showed a strong response to CHIKV. Although CD4+ T cells are a normal part of the body's anti-viral response, they are almost always accompanied by CD8+ T cells. Scientists have even nicknamed CD8+ T cells "killer" T cells because they play a very active role in fighting infections.

Yet the new study shows that CD4+ T cells are most active in fighting CHIKV virus. These same CD4+ T cells stay in the body as "memory" T cells after the infection is gone.

The researchers found that 87 percent of patients had detectable levels of CHIKV-specific memory CD4+ T cells in their blood six years after their initial infection. In contrast, only 13 percent of patients still had CHIKV-specific memory CD8+ T cells in their blood after six years.

According to Weiskopf, this kind of CD4+ T cell profile is more commonly seen in patients with autoimmune diseases. "I'm an infectious disease researcher, but I could see that this T-cell response looked awfully like what we see in autoimmune disease," says Weiskopf.

Not your typical T cells

This CD4+ T cell activity may help explain the association between CHIKV infection and chronic, autoimmune-like disease.




"There are many studies in mice showing that CD4+ T cells are pathogenic," adds study co-first author Rimjhim Agarwal, a UC San Diego Graduate Student and member of the Weiskopf Lab. "So we needed to know what CD4+ T cells are doing in people with CHIKV."

The researchers took a closer look exactly how CD4+ T cells fought CHIKV infection. Normally, CD4+ T cells are "polyfunctional," meaning the cells can churn out many kinds of signalling molecules to help coordinate the body's immune response to a pathogen.

But CHIKV patients who developed severe joint pain had more "monofunctional" CD4+ T cells. Even years after initial infection, their T cells primarily produced an inflammatory molecule called TNF-alpha. This molecule helps direct immune cell activity during an infection, but TNF-alpha is not supposed to linger long after a virus has been cleared.

The new study offers evidence that these monofunctional CD4+ T cells may be the culprits behind joint pain and chronic inflammation following CHIKV infection. Although there's still a lot to learn, the researchers say future therapies that inhibit TNF-alpha may hold promise for treating arthritis-like symptoms in CHIKV patients.

Next steps for helping patients

The new study raises many big questions. Agarwal is currently working to explain a strange phenomenon -- why are women in their forties much more likely to develop chronic joint pain following CHIKV infection?

Last year, Agarwal won funding through LJI's Tullie and Rickey Families SPARK Awards for Innovations in Immunology to investigate this sex-based difference. Her SPARK project, specifically funded by the Rosemary Kraemer Raitt Foundation Trust, may help shed light on whether CD4+ T cells are mistakenly attacking the body's own tissues when responding to CHIKV.

This work comes as more scientists today look at possible connections between viral infections and autoimmune disease. Other viruses, such as the mosquito-borne dengue virus, can also cause severe, chronic joint pain. Many people today are also dealing with "long COVID," chronic and debilitating autoimmune-like inflammation that often follows SARS-CoV-2 infection.

"More and more people are realizing, particularly after seeing the long-term effects of SARS-CoV-2, that viral infection can trigger autoimmune-like disease," says Agarwal. "We still have a lot more questions than answers right now, but we want to understand the relationship between viruses and autoimmune diseases."

The study was supported by the National Institutes of Health (Contract No. 75N93019C00065) and by the La Jolla Institute for Immunology (LJI)/ Kyowa Kirin (KKUS) Interactive fund.
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Native turtles return to Yosemite after removal of invasive bullfrogs | ScienceDaily
The call of American bullfrogs was deafening when scientists from the University of California, Davis, first began researching the impact of invasive bullfrogs on native northwestern pond turtles at Yosemite National Park.


						
"At night, you could look out over the pond and see a constellation of eyes blinking back at you," said UC Davis Ph.D. candidate Sidney Woodruff, lead author of a study chronicling the effects of removal. "Their honking noise is iconic, and it drowns out native species' calls."

But the ponds of Yosemite sound different today, with a chorus of native species making themselves heard. The researchers' study, published in the May issue of the journal Biological Conservation, found that as the park was depopulated of bullfrogs, northwestern pond turtles began to return. The study suggests that removing invasive bullfrogs may be necessary in priority conservation areas to help pond turtle populations recover.

A western icon

The northwestern pond turtle is one of two species of western pond turtle, the other being the southwestern pond turtle. Together, they are the only native freshwater turtles in California. Yet the western pond turtle has disappeared from over half of its range, which stretches from Baja, California to Washington state.

One of the biggest threats to the species is the introduction of American bullfrogs, which are native to the eastern United States but were introduced in the West, where they prey upon small, young turtles.

"One reason American bullfrogs are among the top worst globally introduced pests is because they eat everything -- anything that fits into their mouth," said senior author Brian Todd, a UC Davis professor in the Department of Wildlife, Fish and Conservation Biology. "They've been causing declines to native species everywhere they're introduced, which is around the world."

Turtles return after bullfrogs croak




American bullfrogs were introduced throughout Yosemite in the 1950s and were well-established in multiple regions in the park by the mid-1970s. Field observations of bullfrogs eating native turtles suggested their arrival could be a factor in the northwestern pond turtle's drastic decline, but little research was available to confirm that theory. To research a potential link, the authors conducted a seven-year study to examine the impact of removing bullfrogs on native turtle populations. Between 2016 and 2022, they monitored four sites at Yosemite where native turtles persisted -- two with bullfrogs and two without.

Where bullfrogs were present, only older, large turtles -- too big to fit in bullfrogs' mouths -- remained. Researchers even found juvenile turtles -- along with newts, snakes, small birds and rodents -- in the stomachs of captured bullfrogs. Turtles were up to 36% larger and up to 97% heavier at sites where bullfrogs were present, suggesting younger turtles are not surviving at sites shared with bullfrogs.

Turtles were 2 to 100 times more abundant where bullfrogs were absent. Not until bullfrogs were nearly eradicated from the sites in 2019 did scientists observe the first juvenile turtles at the formerly "bullfrog-present" ponds.

The value of native turtles

Western pond turtles, including northwestern pond turtles, play important ecological roles, cycling nutrients and energy through aquatic systems as they peacefully go about their lives. Proposed as a threatened species under the Endangered Species Act, their intrinsic value goes beyond the legal and ecological, Todd said.

"All across the state we have one native freshwater turtle, and it's the western pond turtle," Todd said. "If it disappears, we have no other freshwater turtles that are supposed to be here. It's part of our natural heritage."

The authors emphasize that eradicating non-native bullfrogs is not a likely solution for every location but could make sense for priority conservation areas where the risk of reinvasion is low and where native turtle recovery is most promising.




"As bullfrog presence declined, we started to hear other native frogs call and see native salamanders walking around," Woodruff said of their field work. "It's nice to be able to go back to these sites and hear a chorus of native frogs calling again that previously would not have been heard."

Additional coauthors include Robert Grasso of Yosemite National Park and Brian Halstead of U.S. Geological Survey.

The study was funded by the Western Pond Turtle Range-wide Conservation Coalition, Yosemite Conservancy, U.S. Geological Survey and USDA National Institute of Food and Agriculture.
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Thousands of animal species threatened by climate change | ScienceDaily
A novel analysis suggests more than 3,500 animal species are threatened by climate change and also sheds light on huge gaps in fully understanding the risk to the animal kingdom.


						
The study was published today in BioScience.

"We're at the start of an existential crisis for the Earth's wild animals," said Oregon State University's William Ripple, who led the study. "Up till now, the primary cause of biodiversity loss has been the twin threats of overexploitation and habitat alteration, but as climate change intensifies, we expect it to become a third major threat to the Earth's animals."

Ripple, distinguished professor of ecology in the OSU College of Forestry, and collaborators in the U.S. and Mexico used publicly available biodiversity datasets to examine animal data for 70,814 species from 35 existing classes. They categorized the species by class and climate change risks as assessed by the International Union for Conservation of Nature.

The researchers found that at least one-quarter of the species in six different classes are threatened by climate change; these classes include arachnids and chilopodans (centipedes) as well as anthozoans and hydrozoans (marine invertebrates related to jellyfish and corals). Smaller percentages of other classes' species are also directly at risk from a warming climate.

"We are particularly concerned about invertebrate animals in the ocean, which absorbs most of the heat from climate change," Ripple said. "Those animals are increasingly vulnerable because of their limited ability to move and promptly evade adverse conditions."

Sudden impacts on animal communities can take the form of mass mortality from extreme events like heat waves, wildfires, droughts and floods.




"The cascading effects of more and more mass mortality events will likely affect carbon cycle feedbacks and nutrient cycling," Ripple said. "Those effects also likely will have an impact on species interactions such as predation, competition, pollination and parasitism, which are vital for ecosystem function."

The 90% reduction in mollusk populations along Israel's coastline because of escalating water temperatures shows how susceptible invertebrates are, he said. Other examples include the deaths of billions of intertidal invertebrates during the 2021 Pacific Northwest heat dome, and the catastrophic die-off of corals across 29% of the Great Barrier Reef following a severe 2016 marine heat wave.

Mass mortalities have not been limited to invertebrates, Ripple notes. In 2015 and 2016, about 4 million common murres off the west coast of North America starved to death via an altered food web caused by an extreme marine heat wave.

The same heat wave caused a 71% decline in Pacific cod because of an increase in metabolic demand and a reduced prey base, and marine heat waves have likely played a role in the deaths of approximately 7,000 humpback whales in the North Pacific.

Further cause for concern, the authors note, is the comparatively small amount of information that's been gathered regarding climate change risk to wildlife. Most wildlife classes (66 of 101) have not yet had any species assessed by the IUCN, and the 70,814 species that have been assessed represent 5.5% of all described wildlife species alive today.

"Our analysis is meant to be a preliminary effort toward assessing climate risk to wildlife species," Ripple said. "Understanding the risk is crucial for making informed policy decisions. We need a global database on mass mortality events due to climate change for animal species in all ecosystems, and an acceleration in assessing currently ignored species."

The IUCN Red List of Threatened Species, he notes, has a bias toward vertebrates, which make up less than 6% of the Earth's named animal species.

"There is also a need for more frequent climate risk assessments of all species and better consideration of adaptive capacity," Ripple said. "We need the integration of biodiversity and climate change policy planning on a global scale."

Roger Worthington, an attorney in Bend, Oregon, provided partial funding for this study, which also included Christopher Wolf and Jillian Gregg of Terrestrial Ecosystem Research Associates and Erik Torres-Romero of the Biotechnology Engineering-Polytechnic University of Puebla in Puebla, Mexico.
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Eating craved foods with meals lessens cravings, boosts weight loss | ScienceDaily
Food cravings are the downfall of many dieters, who feel locked in an eternal battle with their willpower to resist the tempting sweets, snacks and other foods they love.


						
However, researchers in food science and human nutrition at the University of Illinois Urbana-Champaign say in a new study that eating dessert may be the optimal strategy for losing weight, keeping it off and keeping cravings at bay. Dieters in a clinical trial who incorporated craved foods into a balanced meal plan lost more weight during the 12-month weight-loss program and their cravings remained minimal through the subsequent 12 months of maintenance.

Then-graduate student Nouf W. Alfouzan and nutrition professor Manabu T. Nakamura, who published their findings in the journal Physiology and Behavior, said that dieters' food cravings decreased while losing weight and remained minimal as long as they did not regain weight. The participants were part of a larger project conducted with physicians at Carle Clinic in Urbana, Illinois, that aimed to broaden the outreach of an in-person weight-loss program called the Individualized Dietary Improvement Program by converting it to an online format called EMPOWER.

"We recruited obese patients ages 18 to 75 who had comorbidities like hypertension and diabetes and could benefit from losing weight," Nakamura said. "Cravings are a big problem for many people. If they have a lot of cravings, it is very difficult to lose weight. Even when they are able to control their cravings and lose weight, if the cravings come back, they regain the weight."

Although many dieters reported in prior research that their cravings decreased while losing weight, Nakamura and Alfouzan said it remained unclear whether these changes persisted when they reached their weight-loss goal or quit dieting while trying to maintain their weight. Alfouzan, the first author of the current study, wanted to investigate that along with whether reduced cravings correlated with greater weight loss.

The dietary program used in the study educates dieters about key nutrients, helping them make informed decisions about their food selections until sustainable dietary changes are achieved, Nakamura said. Dieters used a data visualization tool that plots foods' protein, fiber and calories so they can enhance nutrition while minimizing the calories they consume.

During the first year, participants engaged in 22 online nutrition education sessions created by scholars at the university's Center for Innovation in Teaching and Learning that included strategies for dealing with cravings.




"If you are eating and snacking randomly, it's very hard to control," Nakamura said. "Some dietary programs exclude certain foods. Our plan used an 'inclusion strategy,' in which people incorporated small portions of craved foods within a well-balanced meal."

Every six months participants completed a questionnaire about their cravings for specific foods. These included high-fat foods such as hot dogs and fried chicken, fast food fats like hamburgers and chips, sweets such as cakes and cookies, and carbohydrates such as biscuits and pancakes.

The researchers also assessed the frequency and intensity of participants' cravings with another survey. Using a scale ranging from 1 (never) to 6 (always), individuals rated themselves on statements such as, "Whenever I have food cravings, I find myself making plans to eat" and "I have no willpower to resist my food cravings." The intensity of each dieter's cravings was calculated by adding their scores for all 15 statements.

Dieters also weighed in daily after getting out of bed and before breakfast using a Wi-Fi scale that transmitted the data to the researchers so they could track the changes.

A total of 30 people began the weight-loss program, and the 24 who remained at the end of the first year had lost an average of 7.9% of their starting weight. Of these, 20 people completed the yearlong maintenance program, but because a few regained some of what they had lost, their average weight loss was 6.7%, the researchers found.

Participants who lost more than 5% by the end of the study experienced consistent reductions in the frequency and intensity of their cravings while those who lost less than that did not. The team also found that individuals' craving for food in general and for specific types of foods such as sweets and carbohydrates diminished during the year of weight loss and stabilized during maintenance.

This finding suggests that individuals' reduced cravings correlated with decreased body fat rather than the negative energy balance of dieting, Nakamura said. "This basically debunks the hungry fat cell theory, a longstanding hypothesis that fat cells become starved for energy and trigger cravings, causing dieters to eat and ultimately regain what they lost. But that is not the case. As long as you stay at a healthy weight, your cravings will remain low."

Of the 24 participants who remained in the study at 12 months, more than half reported they used the inclusion strategy to manage cravings, some people as frequently as one to three times a day, while others used it once a week or more. Those who used the strategy lost significantly more weight compared with other participants and experienced significant reductions in their cravings for sweet and high-fat foods, the researchers found.

Consistency is another key to managing cravings and weight, Nakamura said. "The popular myth is you have to have a very strong will to fend off temptation, but that is not the case. Fluctuations in eating patterns, meal times and amounts trigger cravings, too. You have to be consistent."
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Surprise baby whale sightings reveal there's still much to learn about humpbacks | ScienceDaily
A UNSW-led study published today shows humpback whales are being born much further south than previously thought, with sightings extending as far as Tasmania -- more than 1500 kilometres ahead of the assumed calving zone.


						
"Historically, we believed that humpback whales migrating north from the nutrient-rich Southern Ocean were travelling to warmer, tropical waters such as the Great Barrier Reef to calve," says lead author Jane McPhee-Frew, a UNSW Sydney PhD candidate and whale watching skipper.

The study includes more than 200 sightings of humpback calves from whale watching operators, citizen scientists and government wildlife agencies -- across an area extending from Queensland down to Tasmania and across to New Zealand's South Island. The findings challenge current beliefs of where humpback whales give birth.

"I was working part-time as a skipper on a whale-watching boat in Newcastle when I first spotted a calf in the area," McPhee-Frew says.

"It seemed out of place," she says. "The calf was tiny, obviously brand new. What were they doing here? But none of my tourism colleagues seemed surprised.

"This sparked a conversation with my research colleagues, and we realised there was a gap between the scientific literature and the sightings."

McPhee-Frew says once they started investigating, reported sightings came in from further and further south.




"Eventually, we just ran out of land to see them from," she says. "So we don't actually know where the limit is. But we had reports right to the bottom of Tassie, the southernmost points of Western Australia and to the South Island of New Zealand."

This emerging pattern suggests humpbacks may have more complex migration and breeding behaviours than previously thought -- which comes with a new set of issues.

Navigating risky waters

McPhee-Frew's first calf sighting in Newcastle in 2023 was from within a busy shipping lane -- the city is home to the largest coal export port in the world.

Most observations of live calves in the study were from 2016 onwards, with two-thirds of observations made in 2023 or 2024.

"It's not just the sightings themselves that are important," McPhee-Frew says.




"The pattern we're seeing is mother whales with calves travelling through some of the busiest shipping lanes and urbanised regions.

"This means these vulnerable animals are exposed to risks like boat strikes, entanglements, pollution -- and just general public unawareness."

The study is an example of how industry, research institutions, government agencies and the wider public work together to improve the understanding and protection of marine life.

Back from the brink

Humpback whales were once close to extinction, with populations in the 1960s plummeting into the low hundreds. On the back of increased protection and conservation efforts, their numbers have risen to around 50,000 today.

McPhee-Frew says while the discovery of baby humpbacks being born so far south of the tropics might seem new, the behaviour itself might not be. It's probably just newly visible.

She scoured historical records, including 19th-century whaling logbooks and accounts from expeditions like Captain Scott's Terra Nova. Within these texts were sightings of mothers with calves at similar latitudes to those now being reported.

She says this information on breeding patterns was likely not seen for decades as humpback populations were so low following industrial whaling. The behaviours may also only just be coming into view "with more eyes than ever before looking at the water with technology like drones and with activities like whale watching."

McPhee-Frew says what this study highlights is the critical need for increased awareness to protect the newborn whales throughout their winter journey north -- which, in some cases, could span more than 2300kms.

"Regardless of the health of population now, we can't be in a situation where we're putting any age of whales -- especially baby whales -- in a situation where they're getting caught in nets, being exposed to chemicals, being hit by boats and being harassed."

Co-author Professor Tracey Rogers, also from UNSW, says newborn humpbacks are not as strong as adult whales.

"Mums with newborns swim much more slowly," Prof. Rogers says.

"Newborns are like Great Dane puppies. They have those long, enormous fins that they need to grow into, and they're not very strong swimmers. So they rest a lot of the time on their mum's back," she says.

"Imagine giving birth off Hobart and then swimming up the coast.

"It's heartbreaking to think of these young whales travelling through busy ports and dangerous shipping lanes with those long, clumsy fins.

"And it's not just happening here in NSW -- this is off WA, Victoria, Tasmania, New Zealand -- it's something we just didn't know before."

Keeping a safe distance

"The legislation to protect humpback whales, including mothers and calves, is already in place across all states," says Dr Adelaide Dedden from the NSW National Parks and Wildlife Service -- which collaborated with the UNSW scientists for this study.

"But we do have a gap in public awareness, particularly among recreational water users," Dr Dedden says.

"People need to be aware that calves are being seen not just on the southern migration but also on the northern one."

While close-up images of baby humpbacks may give the impression that encounters are guaranteed, these moments are rare and rely on the whales approaching out of curiosity -- not pursuit by vessels.

"Humpbacks are charismatic and curious," Dr Dedden says. "They're going to want to come and check out the boat."

She says NSW waters have numerous whale watch operators. The guidelines are to maintain a 100m distance from adult whales and 300m from mother-calf pairs.

"We've been working hard to get this message out to the public and encourage boaters, surfers, kayakers and jet-ski operators to be aware of these guidelines," Dr Dedden says.

A collaborative effort

McPhee-Frew says partnering with government agencies and sharing information ultimately supports better policies to protect the whales.

She also says whale watching operators, who are regularly out on the water, are critical for providing sightings data as well as educating the public about safe approaches.

In addition, social media platforms like Instagram and Facebook are invaluable tools for citizen science, for sharing images and information about whale sightings.

"The excitement and curiosity around whales are contagious," McPhee-Frew says.

"We've built a huge repository of data just by encouraging the public to share observations."

An unanswered question

McPhee-Frew says the question remains of why humpback mothers continue to use the 'humpback highway' to travel north after giving birth because, "in the tropics, there's really no food for them."

She says rather than holding a strict view of migratory patterns with fixed endpoints, the focus is shifting to how humpbacks use different marine environments on their journey.

"We still have a lot to learn," says McPhee-Frew.

"But, you know what? It's such a privilege to see whales. It is such a fantastic aspect of living in Australia.

"We just need to follow the rules so everyone can enjoy."

The study includes co-authors Holly Raudion and Kelly Waples from the Western Australia Department of Biodiversity Conservation and Attractions, and Dr Vanessa Pirotta from Macquarie University.
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Research team traces evolutionary history of bacterial circadian clock on ancient Earth | ScienceDaily
To better understand the circadian clock in modern-day cyanobacteria, a Japanese research team has studied ancient timekeeping systems. They examined the oscillation of the clock proteins KaiA, KaiB, and KaiC (Kai-proteins) in modern cyanobacteria, comparing it to the function of ancestral Kai proteins.


						
Their research is published in the Nature Communications on May 15th, 2025.

"Extant cyanobacteria utilize a circadian clock to predict the light-dark environmental cycle by Earth's rotation in order to achieve efficient photosynthetic reactions. We wanted to know the evolutionary history of when ancient bacteria acquired the circadian clock and how this property was inherited by the present cyanobacteria," said Atsushi Mukaiyama, Associate Professor, Fukui Prefectural University.

Cyanobacteria, sometimes called blue-green algae, are photosynthetic bacteria that influence Earth's oceans and atmosphere in important ways. Scientists know that the most recent common ancestor of cyanobacteria emerged about 3 billion years ago. It evolved into the current ecosystem through the Great Oxidation event, which occurred when the level of oxygen in Earth's atmosphere rose about 2.3 billion years ago. This evolution continued through at least two Snowball Earth events, about 2.4 and 0.7 billion years ago, when the planet was covered in ice, and through the Neoproterozoic Oxygenation event, when the Earth's oxygen levels rose a second time. The Neoproterozoic Oxygenation event occurred between 800 and 540 million years ago.

Through studies of fossils and molecular evolution models, scientists suggest that the most recent common ancestor of cyanobacteria already possessed primitive oxygen photosynthetic systems. The efficiency of photosynthesis is strongly influenced by light-dark environmental cycles. The research team set out to examine whether primitive cyanobacteria had a timekeeping system when photosynthesis became active during the Great Oxidation event. This can help scientists understand the physiological origin of circadian clock systems.

Scientists have identified circadian clocks, those internal timekeepers that guide an organism to run on a 24-hour clock, in various organisms, such as bacteria, fungi, plants, and mammals. The research team studied the cyanobacteria's circadian clock using the cyanobacteria strain Synechococcus elongatus. They reconstructed the clock oscillator in a test tube using the clock protein KaiC. They also examined the function and structure of ancestral Kai proteins to determine how self-sustained Kai-protein oscillators have evolved over time.

Knowing that light-dark cycles affect how efficient photosynthesis is in cyanobacteria, the team wanted to determine whether ancient cyanobacteria possessed a self-sustained circadian clock when the ancient oxidation events occurred and the photosynthetic systems were first established.




They discovered that faster rhythmic phenomenon was encoded in ancestral clock proteins. "The ancient cyanobacterial clock was synchronized to the cycle of 18 to 20 hours. This means that the history of the Earth's rotation period has been restored by tracing the evolution of clock protein molecules," said Yoshihiko Furuike, Assistant Professor, Institute for Molecular Science.

The team's results show that the oldest KaiC in ancestral bacteria lacked the function and structure that is essential for rhythmic qualities. Through molecular evolution, the ancestral Kai proteins acquired the necessary function and structure around the Global Oxidation and Snowball Earth events. Eventually the most recent common ancestor of cyanobacteria capable of photosynthesis inherited this self-sustained circadian oscillator.

These results are extremely helpful in scientists' understanding of chronobiology. "Our ultimate goal is to design modified cyanobacteria that can adapt to the rotation period of planets and satellites other than Earth by shortening or lengthening the period of the Kai-protein oscillator. Cyanobacteria have taken a long time to tune their clock to 24 hours, but we may be able to achieve even faster evolution using modern knowledge and technology," said Shuji Akiyama, Professor, Institute for Molecular Science.

The research team includes Atsushi Mukaiyama from Fukui Prefectural University, Japan; Yoshihiko Furuike, Kota Horiuchi, Kanta Kondo, and Shuji Akiyama from the Institute for Molecular Science, Okazaki, Japan, and SOKENDAI, Okazaki, Japan; Kumiko Ito-Miwa from Nagoya University, Japan; Yasuhiro Onoue from the Institute for Molecular Science, Okazaki, Japan; Eiki Yamashita from Osaka University, Japan.

This research was funded by the Platform Project for Supporting Drug Discovery and Life Science Research from AMED, Grants-in-Aid for Scientific Research, Takeda Science Foundation, and Toyoaki Scholarship Foundation.
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Bees facing new threats, putting our survival and theirs at risk | ScienceDaily
Warzones, microplastics and light pollution pose serious new risks to bees and other pollinators over the next decade, according to a landmark report on today's World Bee Day.


						
The report from Bee:wild, a new science-led global campaign to save pollinators, identifies the top 12 emerging threats that could accelerate pollinator losses within the next 5-15 years, according to ten of the world's leading experts. It also outlines steps we can take to protect them and reverse the decline.

Pollinators like bees, butterflies, some birds and bats are vital to nature and our food supply with almost 90% of flowering plants and over three-quarters of the world's staple crops depending on them. But habitat loss, pesticides, climate change and invasive species have caused their severe decline, including the extinction of some bee species.

A wave of new threats is adding further pressure, according to the report: 'Emerging Threats and Opportunities for Conservation of Global Pollinators.'

These include:
    	    War and conflict, such as the war in Ukraine, forcing countries to grow fewer crop types and leaving pollinators without diverse food throughout the season.
    
    	    Microplastic particles contaminating beehives across Europe, with testing from 315 honey bee colonies revealing synthetic materials like PET plastic in most hives.
    
    	    


Artificial light at night reducing flower visits by nocturnal pollinators by 62% and inhibiting the crucial role moths and night insects play in pollination.
    
    	    Antibiotic pollution potentially contaminating beehives and honey, and affecting the behaviour of pollinators, such as reducing their foraging and visits to flowers.
    
    	    Air pollution affecting their survival, reproduction and growth.
    
    	    Pesticide cocktails weakening pollinators who increasingly face a dangerous mix of different pesticides, particularly in developing countries.
    
    	    More frequent and larger wildfires, destroying habitats and making recovery harder.
    

The University of Reading's Professor Simon Potts, lead author and chair of Bee:wild's Scientific Advisory Board, says: "Identifying new threats and finding ways to protect pollinators early is key to preventing further major declines."

He continues: "By acting early, we can reduce harm and help pollinators continue their important work in nature and food production. Various conservation opportunities already exist and more are emerging. This is not just a conservation issue. Pollinators are central to our food systems, climate resilience, and economic security. Protecting pollinators means protecting ourselves."




The report also outlines some threats that unintentionally stem from climate actions, which could be improved to protect biodiversity at the same time. Planting a mix of flowering trees as well as non-flowering fast-growing trees for carbon capture would restore pollination opportunities. Avoiding pollinator-rich areas and restoring habitats after mining for car battery materials would also help reduce the impact of mining in the long-term.

These steps are among the 12 that the report outlines for pollinator protection. Ranked in order of novelty and impact, the top five are:
    	    Stronger laws limiting antibiotic pollution that harms bee health
    
    	    Transitioning to electric vehicles to reduce air pollution affecting pollinators
    
    	    Breeding crops with enhanced pollen and nectar for better pollinator nutrition
    
    	    Creating flower-rich habitats within solar parks
    
    	    Developing RNAi-based (Ribonucleic acid) treatments that target pests without harming beneficial insects.
    

Protecting stingless bees -- which are important for pollination in the tropics -- by creating urban gardens, rewilding and protecting natural habitats is another solution. Using AI to help track pollinators is another opportunity.

Dr Deepa Senapathi, Head of Department of Sustainable Land Management at the University of Reading, is co-author of the report and Vice-Chair of Bee:wild Scientific Advisory Board.

She explains: "Meaningful action to protect bees is not a "nice-to-have" future aspiration -- practical solutions that we can implement now already exist and more are emerging. The most promising opportunities are ones that tackle multiple problems at once. Focused and determined action could significantly slow and even reverse pollinator decline while creating environments that benefit both nature and people."

She adds: "It will take effort from everyone to address these threats. We need to maintain, manage and improve our natural habitats to create safe spaces for pollinators. Individual actions like providing food and nesting areas in our own back gardens can help in a big way. But policy changes and individual actions must work together so everything from gardens and farms to public spaces and wider landscapes can all become pollinator-friendly habitats."

Eva Kruse, Executive Director of Bee:wild, which commissioned the report says: "We were already sounding the alarm on the decline of our pollinators, but this new report underlines that the range of threats are expanding. Rather than being filled with hopelessness, the purpose of the Bee:wild campaign is to fuel awareness, urgency and give everyone agency. There's a lot we can all do to help save our pollinators, in our homes and everyday lives. Planting flowering plants to feed them, providing outdoor shelter and considering healthier diets like plant-based as well as pesticide-free, all matter a lot."

She adds: "It's getting harder for our pollinators but we can all play a part in protecting them and building a sustainable future for all living things."

Razan Khalifa Al Mubarak, President of the International Union for Conservation of Nature (IUCN) and Board Member of nature conservation organisation Re:wild -- which is behind the Bee:wild campaign -- provided the report's foreword.

She says: "The choices we make today will shape the future -- not only for pollinators, but for all life on Earth. Together, we can ensure that these remarkable species continue their vital work, sustaining the natural world that sustains us all."
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A head and a hundred tails: How a branching worm manages reproductive complexity | ScienceDaily
Scientists have uncovered the genetic underpinnings of one of the ocean's most bizzare animals: a branching marine worm named Ramisyllis kingghidorahi that lives inside sea sponges and reproduces in a truly extraordinary way. Living hidden in tropical waters, this worm grows multiple body branches within a host sponge, each tail capable of producing separate living reproductive units called "stolons." But how does a single animal coordinate sexual reproduction across so many branches? To find out, researchers led by the University of Gottingen analysed gene expression across different body regions and between male, female and juvenile specimens. This provides the first complete "genetic activity map" -- or transcriptome -- of any branching worm, revealing how this creature manages to control reproduction across its branching body. Their findings were published in BMC Genomics.


						
The researchers found clear patterns in their analyses: differences in gene activity were more pronounced between different body regions in the same worm than between the sexes. The stolons -- short-lived reproductive units that break off from the branches and swim away to mate -- had the most distinctive genetic signatures when comparing males and females, probably reflecting their specialised role in gamete production and metamorphosis. "We were surprised to find that the head of the worm, which was previously thought to house a sex-specific control system, didn't show the dramatic differences we expected between males and females," said Dr Guillermo Ponz-Segrelles, former researcher at the Autonomous University of Madrid. "Instead, the stolons emerged as the true hotspots of gene activity during sexual development."

An overlooked but key feature of the reproductive stolons is that they sprout eyes before detaching from the main worm body in search of a mate. This study revealed upregulation of genes related to eye development, providing the first clues about how the tip of a branch of the worm body metamorphoses into an independent stolon. Interestingly, the data also hint at the possibility of partial genome duplication in Ramisyllis, which may help explain the complexity of its biology and reproductive system. Despite some challenges in identifying conserved signalling pathways, the results point to a unique genetic toolkit in Ramisyllis and highlight how little we still know about reproduction in marine invertebrates.

"This worm and its surreal, tree-like body made headlines around the world in 2021 and 2022, yet it continues to amaze us," said Thilo Schulze, PhD researcher at Gottingen University." It challenges our understanding of how animal bodies can be organized, and how such strange forms of reproduction are orchestrated at the molecular level." With many aspects of branching worms' reproductive biology still a mystery, the team hopes this new genetic resource will open the door to deeper investigations into how life evolves in unexpected directions -- even in the hidden corners of our oceans.
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Investment risk for energy infrastructure construction is highest for nuclear power plants, lowest for solar | ScienceDaily
Between now and 2050, the International Energy Agency projects that more than $100 trillion will be spent on building net-zero energy infrastructure globally. Yet every single one of these projects runs the risk of higher-than-expected construction costs or time delays. Newer technologies introduced in the past decade, such as hydrogen or geothermal energy, are even more difficult to evaluate as government agencies, energy developers, utilities, investors, and other stakeholders decide which sustainable energy systems are best for future projects.


						
In a new state-of-the-art study, published in the journal Energy Research & Social Science, researchers at the Boston University Institute for Global Sustainability (IGS) found that runaway construction costs and delayed timelines stymie many energy projects. In fact, the average project costs 40% more than expected for construction and takes almost two years longer than planned, as the study showed.

Nuclear power plants are the worst offenders, with an average construction cost overrun typically twice as much as expected or more, and the most extreme time delays. To be exact, the average nuclear power plant has a construction cost overrun of 102.5% and ends up costing $1.56 billion more than expected.

Looking at newer net-zero options reveals higher risk as well. Hydrogen infrastructure and carbon capture and storage both exhibit significant average time and cost overruns for construction, along with thermal power plants relying on natural gas, calling into question whether these can be scaled up quickly to meet emission reduction goals for climate mitigation.

"Worryingly, these findings raise a legitimate red flag concerning efforts to substantially push forward a hydrogen economy," says Benjamin Sovacool, lead and first author of the study, director of IGS, and professor of earth and environment.

By contrast, solar energy and electricity grid transmission projects have the best construction track record and are often completed ahead of schedule or below expected cost. Wind farms also performed favorably in the financial risk assessment.

For Sovacool, the evidence is clear: "Low-carbon sources of energy such as wind and solar not only have huge climatic and energy security benefits, but also financial advantages related to less construction risk and less chance of delays," he says. "It's further evidence that such technologies have an array of underrated and underappreciated social and economic value."

Using an original dataset significantly larger and more comprehensive than existing sources, the study provides the most rigorous comparative analysis of construction cost overrun risks and time delays for energy infrastructure projects globally.




"Low-carbon sources of energy such as wind and solar not only have huge climatic and energy security benefits, but also financial advantages related to less construction risk and less chance of delays."

The researchers compiled data on 662 energy infrastructure projects covering a diverse spectrum of technology classes and capacities, built between 1936 and 2024 across 83 countries, representing $1.358 trillion in investment. This includes emerging innovations such as geothermal and bioenergy, providing fresh insights into the cost dynamics of these recently commercialized technologies. In total, the study evaluated ten types of projects: thermoelectric power plants fueled by coal, oil, or natural gas combustion; nuclear reactors; hydroelectric dams; utility-scale wind farms; utility-scale solar photovoltaic and concentrated solar power facilities; high-voltage transmission lines; bioenergy power plants; geothermal power plants; hydrogen production facilities; and carbon capture and storage facilities.

Understanding what causes energy projects to go over budget and fall behind schedule -- and when that tipping point occurs -- is another important contribution of this global analysis. The study examined diseconomies of scale, construction delays, and governance factors to identify critical thresholds when project costs surge, helping to inform better risk management strategies.

"I'm particularly struck by our findings on the diseconomies of scale, with projects exceeding 1,561 megawatts in capacity demonstrating significantly higher risk of cost escalation," says Hanee Ryu, second and corresponding author and a visiting researcher at IGS. "This suggests that we may need to reconsider our approach to large-scale energy infrastructure planning, especially as we commit trillions to global decarbonization efforts."

What this could mean, Ryu explains, is that smaller, modular renewable projects might not only bring environmental benefits, but also potentially reduce financial risk and offer better budget predictability.
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Genomic data shows widespread mpox transmission in West Africa prior to 2022 global outbreak | ScienceDaily
Historically, most human mpox infections have resulted from zoonotic transmission -- meaning from animals to humans -- and these spillovers have rarely led to human-to-human transmission. But during the 2022 global outbreak, mpox began spreading readily between people.A new study now shows the virus was circulating long before then.


						
Published in Nature on May 19, 2025, the study notes that mpox transmitted among humans in Nigeria for eight years before sparking the international outbreak in 2022. Using genomic tracing, the researchers estimate that the virus' ancestor first emerged in southern Nigeria in August 2014 and spread to 11 states before human infections were detected in 2017. The findings highlight the need for improved global surveillance and medicines, given the threat of impending pandemics.

"We could have very easily prevented the 2022 multi-country outbreak if countries in Africa were given better access to therapeutics, vaccines and surveillance technologies," says Edyth Parker, a professional collaborator in the Kristian Andersen Lab at Scripps Research and one of the paper's first authors. "In a vulnerably connected world, we cannot neglect epidemics until they get exported to the Global North."

Because the virus involved in the 2022 outbreak had an unexpected number of genetic mutations, scientists thought that mpox might have been circulating in Nigeria for much longer than expected. However, due to a lack of genomic data, it was unclear when and where the virus had first emerged, and what had driven its emergence.

To solve this problem, the study's senior author, Christian Happi, director of the Institute of Genomics and Global Health at Redeemer's University in Nigeria, organized a Pan-African consortium to share and generate mpox genomic data. The consortium involved researchers and public health agencies in West and Central Africa, with support from international collaborators including Scripps Research. By pooling samples and laboratory methods, the group generated a genomic dataset that is around three times larger than any previous mpox dataset.

Altogether, the team analyzed 118 viral genomes from human mpox cases that occurred in Nigeria and Cameroon between 2018 and 2023. All of the sequences were identified as Clade IIb -- the mpox strain endemic to West Africa. By comparing the genomes' sequences, the researchers created something called a phylogenetic tree, which estimates how related the different viruses are, and how recently they evolved.

They found that most of the viral samples from Nigeria were the result of human-to-human transmission (105/109), while the remaining four were caused by zoonotic spillover. In contrast, all nine mpox samples from Cameroon were derived from isolated zoonotic spillover events.




"Mpox is no longer just a zoonotic virus in Nigeria; this is very much a human virus," says Parker. "But the fact that there's ongoing zoonotic transmission means there's also a continual risk of re-emergence."

Using the phylogenetic tree, the team estimated that the ancestor of the human-transmitting mpox virus emerged in animals in November 2013 and first entered the human population in southern Nigeria in August 2014. They also showed that southern Nigeria was the main source of subsequent cases of human mpox: though the virus spread throughout Nigeria, continual human-to-human transmission only occurred in the country's south.

The team also showed that two of the zoonotically transmitted viral samples from southern Nigeria were related to the Cameroonian viruses, suggesting that viruses are traveling across the border.

"There's likely a lot more bi-directional viral movement happening between these countries, but we just don't have the wildlife sampling to detect it," says Parker. "Our study highlights the need for better wildlife surveillance, as well as better surveillance in the human populations that interface with animals in that forested border region."

Overall, the study shows the importance of better access to diagnostics, vaccines and therapeutics in Africa, the researchers say.

"Global health inequities really impede our ability to control both zoonotic and sustained human transmission," says Parker. "We cannot continue to neglect either the human epidemics in Africa or the risk of re-emergence -- not only does it perpetuate suffering in these regions, it means that inevitably there will be another pandemic."
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Fast food, fast impact: How fatty meals rapidly weaken our gut defenses | ScienceDaily
A study led by researchers from WEHI (Melbourne, Australia) has become the first in the world to unravel the immediate effects of a high-fat diet on our gut health.


						
The pre-clinical study found even a few meals high in saturated fats can cause inflammation in the body, despite physical symptoms -- in the form of chronic inflammation -- potentially taking years to appear.

The landmark findings are the first to show how rapidly the foods we eat can impact our gut defences, paving the way for future interventions that could boost gut health and tackle chronic inflammation.

At a glance
    	    A landmark study has highlighted how our daily food choices can have an immediate effect on our gut health.
    
    	    Researchers discovered the gut protective protein, IL-22, was rapidly depleted in mice after just two days of eating high-fat foods.
    
    	    It's hoped the findings will influence dietary guidelines centred around ways to naturally boost our gut protection and help lead to new future methods to restore or boost gut function for people living with chronic inflammatory diseases, like inflammatory bowel disease.
    




A silent threat to gut health

About one in three Australians currently live with chronic inflammatory disease, like coeliac disease, inflammatory bowel disease and rheumatoid arthritis.

But how this inflammation arises and causes disease remains largely unknown.

Dr Cyril Seillet, a senior author on the paper, said the team's findings were a significant breakthrough that could help pinpoint how chronic inflammation occurs at the source.

"We've shown that every meal we consume actively shapes our gut health," Dr Seillet said.

"The more saturated fats we eat, the more inflammation that builds up -- gradually weakening our gut defences and increasing our susceptibility to chronic inflammation.




"But this inflammation build-up is initially silent, remaining hidden in our bodies until years later, where it can present as chronic inflammation."

Researchers were able to detect microscopic changes to the gut health and function in mice even after a few high-fat meals, despite the mice lacking any visible symptoms of inflammation, such as weight gain.

"This shows how easily inflammation can develop without immediate warning signs," Dr Seillet said.

"While occasional high-fat meals won't impair your gut protection barrier, a consistent diet that is high in saturated fats is laying the foundation for chronic gut inflammation to present in future."

Rapid immune response 

In the study, with senior author and WEHI Laboratory Head Professor Stephen Nutt, researchers also found short-term exposure to high-fat diets can reduce the production of IL-22, a crucial protein that helps control gut inflammation.

It's the first time the rapid impact of high fat diets on this protein has been shown.

First author on the paper, Le Xiong, said high-fat diets were a double hit to our gut barrier because they not only promoted inflammation, but also disabled the body's ability to fight it.

"IL-22 is a critically important protein for gut health and protection. Without it, the gut loses its ability to prevent inflammation," Le Xiong said.

"It took only two days of consuming high-fat foods for the mice to lose their IL-22 stores and have an impaired gut function.

"Despite their gut protection capabilities being stripped away, the mice still looked healthy -- highlighting how gut health can be compromised long before any visible symptoms appear."

The team observed that while saturated fats suppress IL-22 production, unsaturated fats, like those found in nuts and avocados, actually do the opposite and boost the protein's production -- a pattern researchers believe would be replicated in humans.

Therapeutic intervention potential

Researchers were able to rebuild the gut function of the mice in the study by restoring their IL-22 levels -- highlighting the potential of creating a therapeutic intervention that can also restore gut health in humans.

But researchers want to first focus on ways to naturally boost IL-22 levels.

The team hopes their findings will influence dietary guidelines that emphasise the importance of incorporating unsaturated fats into our diets to naturally boost gut protection, while also promoting better nutrition-based strategies for people at risk of chronic inflammatory diseases.

This research is supported by the National Health and Medical Research Council (NHMRC) and involved collaborations with Monash University, the Baker Institute and the Department of Anatomy and Physiology at the University of Melbourne.
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Scientists describe 71 new Australian bee species | ScienceDaily
A team of Australian researchers has discovered 71 new native bee species belonging to the resin pot bees, or Megachile (Austrochile), which are unique to Australia and present in every state and territory except Tasmania.


						
As their name suggests, the bee species builds resin pots to protect their brood, with solitary mother bees hanging their pots individually from twigs or as clusters on the bark of trees.

"The group was previously considered to contain seven species, and in 1992 an additional 18 were named in the master's thesis of Queensland Museum's Dr Judith King, who is a co-author on our paper," says lead author Dr Remko Leijs, from the South Australian Museum.

"Over the years, we discovered a further 23 species during field collection trips, including during various Bush Blitz surveys, which look for the unknown and hence regularly result in the discovery of new invertebrate and plant species."

Bush Blitz, a partnership between the Australian Government, BHP Billiton and Earth Watch Australia, documents fauna and flora from selected national reserves.

It also provides funding for the description of new species, and this enabled the researchers to compare the newly collected species to those present in Australian entomological collections.

"This uncovered an additional 20 undescribed species, hidden in the collections, which highlights the importance of entomological collections as a repository for these kinds of discoveries," Dr Leijs says.




Dr Katja Hogendoorn, from the University of Adelaide, says there is still much to be discovered about Australia's bees, and their vital role as pollinators.

"Despite their environmental and economic importance as pollinators of native plants and crops, the Australian bee fauna is poorly understood," says Dr Hogendoorn, a co-author on the study published in the Australian Journal of Taxonomy.

"An estimated one-third of bee species remains unknown to science, and dearth of funding for taxonomic work hampers our ability to assess the conservation status and undertake action to protect native bees.

"We may be losing species that we don't even know about yet."

There are around 1700 known native bee species in Australia. This discovery raises the number of known resin pot bee species to 78 -- almost half of which are known from a single location only.

Dr James Dorey, a co-author from the University of Wollongong, says more research is needed to understand what threats resin pot bees might be facing.

"These species are likely to have a limited distribution, but realistically, we don't have enough information about their occurrence or population sizes to say much about their conservation status," he says.
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'Cutting to survive': How cells remove DNA bridges at the last moment | ScienceDaily
If DNA bridges persist between chromosomes during cell division, chromosomes are abnormally segregated, leading to genetic instability and cancer. Researchers at UNIST and IBS have experimentally revealed for the first time how a critical protein acts as a last resort to eliminate these dangerous DNA bridges, often cutting it close during the final moments of cell division.


						
Professor Anton GARTNER (Distinguished Professor at the UNIST Graduate School of Medicine and Associate Faculty of the IBS Center of Genomic Integrity) and IBS Research Fellow Stephane ROLLAND announced that they have elucidated the molecular mechanism by which LEM-3 cuts DNA bridges during cytokinesis.

Cell division is an essential biological process that removes aged cells and continuously renews tissues. In the human body, billions of cells divide each day: intestinal cells are completely renewed every 1-3 days, and skin cells approximately every 2-3 weeks.

During this process, DNA must be precisely duplicated and separated. However, incomplete DNA replication or chromosome entanglement can result in the formation of DNA bridges between two daughter cells. If these bridges are not properly resolved, it can lead to chromosomal instability, genetic information loss, and ultimately, cancer.

The team had previously found that LEM-3 plays a critical role in resolving persistent DNA bridges, acting as a last resort when other repair pathways fail. LEM-3 was specifically observed to localize to the midbody, the narrow structure that connects two daughter cells during the final stages of division. While most DNA bridges were removed even when other DNA repair factors were disrupted, the absence of LEM-3 led to persistent bridges and subsequent cell division failure.

LEM-3 is a nuclease, and nucleases act like a surgical knife on DNA. The team now investigated the reaction mechanism of LEM-3, which substrates are recognized and cut by LEM-3, and how the different domains of this nuclease contribute to its localization, catalytic activity, and DNA binding. Further, although LEM-3 serves as a vital guardian, the researchers discovered that it can also be hazardous if mislocalized. LEM-3 must be tightly regulated and excluded from the nucleus. The team uncovered a toxic mutant that mislocalized to the nucleus, causing unintended DNA cleavage and ultimately embryonic lethality, highlighting the dangerous potential of unregulated LEM-3 activity.

The study was conducted using the model organism Caenorhabditis elegans, whose LEM-3 protein is evolutionarily conserved as ANKLE1 in humans.

Professor Anton GARTNER commented, "Given that ANKLE1 has been linked to the development of breast and colorectal cancers, our findings may contribute to the development of new strategies for cancer prevention and therapy."

This research was supported by the Ministry of Science and ICT (MSIT) through the National Research Foundation of Korea (NRF), the Institute for Basic Science (IBS), and the Biotechnology and Biological Sciences Research Council (BBSRC) of the United Kingdom.
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Survival trick: Pathogen taps iron source in immune cells | ScienceDaily
The body defends itself against pathogens by depriving them of vital iron. However, this strategy doesn't always succeed against Salmonella. Researchers at the University of Basel have discovered that these bacteria specifically target iron-rich regions within immune cells to replicate. Their findings on how pathogens evade the immune defense are important for fighting infections.


						
Our body keeps bacterial pathogens under control by restricting their access to essential nutrients such as iron. Iron is crucial for all living organisms. When bacteria are deprived of iron, they stop growing and replicating -- in other words, they are starved out. As a result, the pathogens are prevented from spreading and the infection is kept under control.

Professor Dirk Bumann's team at the Biozentrum, University of Basel, has now discovered in mice that not all pathogens can be outsmarted so easily. In their study, recently published in Cell Host & Microbe, the scientists have demonstrated that certain bacteria hide specifically in the few immune cells with particularly high levels of iron. Protected from the immune system, the pathogens replicate in these iron-rich niches.

Iron deprivation as a defense strategy

The researchers studied Salmonella, a bacterium known to cause typhoid fever. To escape the immune defense, this pathogen enters and resides in specific immune cells. These so-called macrophages defend against the invaders by pumping iron out of the bacteria's hiding place using the transport protein NRAMP1. This nutrient deprivation is a successful defense mechanism of the body. Yet, Salmonella has found a clever way to circumvent this strategy.

"We were surprised that iron deprivation hardly affects the overall Salmonella population. At first, we couldn't explain this phenomenon," says Bumann. "But our single-cell analysis revealed that a significant proportion of the bacteria specifically target iron-rich macrophages." In fact, Salmonella often infects macrophages in the spleen, which degrade old or damaged red blood cells. Since red blood cells contain large amounts of iron, the sites of their degradation are particularly rich in iron -- and the bacteria tap into this resource.

Bacteria exploit iron-rich niches

"In the spleen's macrophages, we found two Salmonella populations," explains Bumann. "One group resides in iron-poor regions and struggles to survive. Another subset resides in vesicles rich in red blood cell remnants."




Also in these vesicles, the NRAMP1 transporter removes the iron for recycling. Yet, the concentration remains extremely high. "Even if over 99 percent of the iron is pumped out, the small remaining amount is still enough for the bacteria to keep growing," adds Bumann. This iron-replete Salmonella subset primarily drives infection.

Host-pathogen dynamics

Heterogeneous populations are crucial for the survival and spreading of Salmonella within the host. This study highlights the adaptation strategies of pathogens to circumvent even sophisticated immune defense mechanisms.

The findings provide important insights into host-pathogen dynamics. "Our work also emphasizes the importance of studying infections at the single-cell level," says Bumann. "Only by understanding the survival strategies of pathogens can we find effective ways to combat infections."
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Cover crops may not be solution for both crop yield, carbon sequestration | ScienceDaily
People have assumed climate change solutions that sequester carbon from the air into soils will also benefit crop yields.


						
But a new study from Cornell University finds that most regenerative farming practices to build soil organic carbon -- such as planting cover crops, leaving stems and leaves on the ground and not tilling -- actually reduce yields in many situations.

The computer model analysis showed that global adoption of such practices to improve soil health can benefit either greenhouse gas mitigation or crop yields but rarely both.

The predictions will help farmers, policymakers and sustainability professionals mix and match optimal management plans based on location, as different practices will work better or worse depending on local conditions. For example, the model predicted that climate mitigation and improved yields had the best chance of occurring together when grains are planted, especially in soils with high clay content or that have limited nutrients.

"For the first time, we can have contextualized information about how farmers can choose the optimal mix of practices that meet their needs to maintain crop yields while also providing climate change mitigation," said Dominic Woolf, senior research associate in the School of Integrative Plant Science, Soil and Crop Sciences Section, in the College of Agriculture and Life Sciences at Cornell University.

Woolf is principal investigator of the project and senior author of the study published May 19 in Nature Climate Change. Shelby McClelland, a postdoctoral researcher at New York University's Department of Environmental Studies, formerly in Woolf's lab at Cornell, is the paper's first author.

For farmers, climate mitigation strategies include cover crops that are planted and left in place. Cover crops benefit farms by adding soil organic carbon (carbon from organic matter in soils), improving soil health, reducing soil erosion, cycling nutrients and converting nitrogen to forms usable by plants (when legumes are planted). They also offer off-farm benefits of protecting surface water quality and mitigating climate change, by pulling carbon from the air for growing steams, leaves and roots, and sequestering it from being released back into the atmosphere. Other practices, such as eliminating tillage, reduce erosion, limit soil carbon losses and disruption of soil structure.




The global computer model compared soil organic carbon changes, greenhouse gas release and yield outcomes of cropland climate mitigation practices with conventional cropland management. The researchers simulated a set of scenarios through the end of the century, including various combinations of four common management practices: planting grass cover crops, planting legume cover crops, zero-tillage, and leaving crop residues in fields.

The analysis showed that grass cover crops combined with no tilling led to the highest potential for limiting greenhouse gasses, but were the worst for crop yields. Legume cover crops with no tilling provided higher crop yields but close to 70% lower climate benefits. Reduced yields were found to be most likely in drier climates where cover crops compete for available water. Also, in some regions, these climate mitigation practices led to higher greenhouse gas emissions than conventional farming due to increased soil nitrous oxide, which is 273 times more potent as a greenhouse gas than CO2.

"We found a strong synergy in many locations between cover cropping and conducting no till," McClelland said. "If you do both those practices together, in many cases, that allows you to increase soil organic carbon much faster than individual practices alone, which offsets negative effects from things like nitrous oxide emissions," she said. Lowering nitrogen inputs into soil may also help address nitrous oxide emissions.

The authors found that in order to maintain crop yields to feed a growing global population, the maximum greenhouse gas mitigation through 2100 would be about 85% lower than if yields were not considered and farming practices centered around optimal climate mitigation strategies. "So tradeoffs have a massive impact in terms of what's achievable at the global scale," Woolf said.

Co-authors include researchers from The Nature Conservancy, the Environmental Defense Fund, Colorado State University, and the Woodwell Climate Research Center.

The research was funded by the National Institute of Food and Agriculture, a U.S. Forest Service contract through an interagency agreement with the U.S. Environmental Protection Agency, the Nature Conservancy, the Environmental Defense Fund, the Bezos Earth Fund, King Philanthropies, and Arcadia, a charitable fund.
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Glaciers will take centuries to recover even if global warming is reversed, scientists warn | ScienceDaily
New research reveals mountain glaciers across the globe will not recover for centuries -- even if human intervention cools the planet back to the 1.5degC limit, having exceeded it.


						
The research, led by the University of Bristol in the UK and the University of Innsbruck in Austria, presents the first global simulations of glacier change up to 2500 under so-called 'overshoot' scenarios, when the planet temporarily exceeds the 1.5degC limit up to 3degC before cooling back down.

The results, published today in Nature Climate Change, show that such a scenario could result in glaciers losing up to 16% more of their mass compared to a world that never crosses the 1.5degC threshold.

Corresponding author Dr Fabien Maussion, Associate Professor in Polar Environmental Change at the University of Bristol, said: "Current climate policies are putting the Earth on a path close to 3degC. It's clear that such a world is far worse for glaciers than one where the 1.5degC limit is held.

"We aimed to discover whether glaciers can recover if the planet cools again. It's a question many people ask -- will glaciers regrow in our lifetime, or that of our children? Our findings indicate sadly not."

Rising global temperatures now indicate a significant chance of overshooting of the Paris Agreement limits adopted a decade ago. For example, last year was the hottest year ever recorded on Earth and the first calendar year to exceed the 1.5degC mark.

The climate scientists assessed future glacier evolution under a strong overshoot scenario in which global temperatures continue rising to 3.0degC by around 2150, before falling back to 1.5degC by 2300 and stabilising. This scenario reflects a delayed net-zero future, in which negative emission technologies like carbon capture are only deployed after critical warming thresholds have been exceeded.




The results show glaciers would fare much worse than in a world where temperatures stabilise at 1.5degC without overshooting, with an additional 16% of glacier mass being lost by 2200, and 11% more by 2500 -- on top of the 35% already committed to melting even at 1.5degC. This extra meltwater eventually reaches the ocean, contributing to even greater sea-level rise.

The research used a pioneering open-source model developed at the University of Bristol and partner institutions, which simulates past and future changes in all of the world's glaciers, excluding the two polar ice sheets. It was combined with novel global climate projections produced by the University of Bern in Switzerland.

Lead author Dr Lilian Schuster, a researcher at the University of Innsbruck, said: "Our models show it would take many centuries, if not millennia, for the large polar glaciers to recover from a 3degC overshoot. For smaller glaciers such as those in the Alps, the Himalaya and the Tropical Andes, recovery won't be seen by the next generations but is possible by 2500."

Glacier meltwater in these mountain regions is vital to downstream communities -- especially during dry seasons. When glaciers melt, they temporarily release more water, a phenomenon known as glacier 'peak water'.

Dr Schuster added: "If glaciers regrow, they start storing water again as ice -- and that means less water flows downstream. We call this effect 'trough water', in contrast to peak water. We found that roughly half of the basins we studied will experience some form of trough water beyond 2100. It's too early to say how much impact this will have, but our study is a first step toward understanding the many and complex consequences of climate overshoots for glacier-fed water systems and sea-level rise."

This research was conducted as part of the EU-funded PROVIDE project, which investigates the impacts of climate overshoots on key sectors around the world.

Dr Maussion said: "Overshooting 1.5degC, even temporarily, locks in glacier loss for centuries. Our study shows that much of this damage cannot simply be undone -- even if temperatures later return to safer levels. The longer we delay emissions cuts, the more we burden future generations with irreversible change."
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How to use AI to listen to the 'heartbeat' of a city | ScienceDaily
When Jayedi Aman looks at a city, he notices more than just its buildings and streets -- he considers how people move through and connect with those spaces. Aman, an assistant professor of architectural studies at the University of Missouri, suggests that the future design of cities may be guided as much by human experience as by physical materials.


						
In a recent study, Aman and Tim Matisziw, a professor of geography and engineering at Mizzou, took a fresh approach to urban research by using artificial intelligence to explore the emotional side of city life. Their goal was to better understand the link between a city's physical features and how people feel in those environments.

Using public Instagram posts with location tags, the researchers trained an AI tool to read the emotional tone of the images and text of the posts, identifying whether people were happy, frustrated or relaxed. Then, using Google Street View and a second AI tool, they analyzed what those places looked like in real life and linked those features to how people felt in the moment they posted to social media.

As a result, Aman and Matisziw created a digital "sentiment map" that shows what people are feeling across a city. Next, they plan to use this information to create a digital version of a city -- called an urban digital twin -- that can show how people are feeling in real time.

This kind of emotional mapping gives city leaders a powerful new tool. Instead of relying solely on surveys -- which take time and may not reach everyone -- this AI-powered method uses data people already share online.

"For example, if a new park gets lots of happy posts, we can start to understand why," Aman, who leads the newly established Spatial Intelligence Lab at Mizzou, said. "It might be the green space, the quiet nature or the sense of community. We can now connect those feelings to what people are seeing and experiencing in these places."

Beyond parks, this tool could help officials improve services, identify areas where people feel unsafe, plan for emergencies or check in on public well-being after disasters.

"AI doesn't replace human input," Matisziw said. "But it gives us another way to spot patterns and trends that we might otherwise miss, and that can lead to smarter decisions."

The researchers believe this information about how people feel could one day be shown next to traffic and weather updates on digital tools used by leaders to make decisions about city operations.

"We envision a future where data on how people feel becomes a core part of city dashboards," Aman said. "This opens the door to designing cities that not only work well but also feel right to the people who live in them."
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Emotional expressions shape how help is received in the workplace | ScienceDaily
The way people express emotions while helping others can influence whether their assistance is welcomed, resented, or reciprocated, according to new research from Washington State University's Carson College of Business.


						
The study, led by Stephen Lee, assistant professor of management, found that helpers who express emotions like gratitude and sympathy are more likely to be seen as having genuine motives and are more likely to foster trust and future collaboration. Conversely, when helpers display pride or contempt, their motives are often questioned, weakening relationships and reducing the likelihood of reciprocation.

"In the workplace, we often encourage helping behaviors, but not all help is perceived the same way," Lee said. "It's not just whether you help, but how you help -- and the emotions you express -- that shape how people respond."

The research paper, "Emotional Signaling: How Helpers' Emotional Expressions Affect Attributions of Motives, Relationship Quality, and Reciprocation," is coauthored with Michael D. Johnson at the University of Washington and published in the Academy of Management Journal.

While past research often treated helping behavior as universally positive, the new findings suggest that recipients actively interpret emotional cues when deciding whether to trust and reciprocate help.

"Recipients are not passive; they pick up on emotional signals and use them to infer why someone is helping," Lee said. "If they sense the helper is motivated by self-interest or obligation, it changes the way they perceive the help and whether they feel inclined to return the favor."

The findings were based on three studies and a preliminary pilot study involving working adults and student participants. Participants were asked to either recall real-world helping experiences, take part in an interactive task in a behavioral lab, or respond to a vignette simulating interactions with a coworker.




Across all the studies, socially engaging emotions consistently led to perceptions of prosocial motives, stronger relationships, and greater willingness to reciprocate.

For leaders and managers, the study highlights the role of emotional expressions in shaping a culture of collaboration. Rather than encouraging helping behavior for its own sake, Lee recommends fostering a workplace environment where employees feel genuine gratitude for their colleagues and develop a natural sense of sympathy for others' challenges.

"Helping that stems from gratitude or concern for others is more likely to create positive, lasting relationships," Lee said. "If leaders can model those kinds of emotions in how they help their teams, it sets the tone for a more supportive and engaged workplace."

At the individual level, employees can also benefit by reflecting on their own experiences of receiving help or by practicing perspective-taking -- approaches that naturally foster more authentic emotions and social connections.

"When we express genuine gratitude or sympathy, we're not just benefiting ourselves," Lee said. "We're strengthening our workplace relationships and building a more resilient culture of collaboration."
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Thinking peers drink more drives risky behavior | ScienceDaily
Growing up in a close-knit community in Ghana, Joshua Awua saw firsthand how strong social bonds could also bring pressure to fit in -- especially when it came to alcohol.


						
"Social connection was everything, and sometimes that came with pressure to conform, including drinking," said Dr. Awua, a postdoctoral research associate in The University of Texas at Arlington's School of Social Work. "I remember how hanging out with peers and even my older siblings often centered on drinking."

That experience now fuels his research. Awua recently co-published a study with colleagues -- including UT Arlington mentor Micki Washburn -- titled "Perceived Norms and Alcohol-Related Consequences: The Moderated Mediation Roles of Protective Behavioral Strategies and Alcohol Consumption" in the journal Substance Use & Misuse.

The study explores how social influences, particularly peer pressure, impact substance use -- and misuse -- among young adults. A confidential online survey on alcohol use was given to 524 students at a large public university (not UTA).

College students are particularly at risk of misperceiving their peers' alcohol consumption partly due to a variety of campus social events where alcohol is served such as parties, tailgating, and pre-gaming, which can influence their personal drinking outcomes by feeling pressured to keep up. Protective behavioral strategies, known as PBS, can help college students make healthier choices around alcohol, Awua said, highlighting it as a key finding of the study.

"We might think our peers are having five or six drinks in a day, so we can also drink that amount," Awua said. "But it has been established that this is mostly inaccurate. That misperception can lead to heavy episodic drinking and negative consequences."

To address those misperceptions, the study points to PBS techniques, such as drinking slowly and avoiding drinking games, as effective ways to reduce the influence of perceived norms. Even when students believe their peers are drinking heavily, these strategies can help them stay in control and avoid risky behaviors.




"If we utilize some of these simple but effective strategies, we're more likely to reduce the stress or the negative consequences associated with alcohol use," Awua said.

The 2023 National Survey on Drug Use and Health (NSDUH) found that nearly half of full-time college students ages 18 to 25 reported drinking alcohol within the past month, with 29.3% engaging in binge drinking. The consequences can be severe: An estimated 1,519 college students die each year from alcohol-related unintentional injuries, including motor vehicle crashes. Other outcomes include increased incidents of assault, academic problems and alcohol use disorder.

Those risks can be reduced by using protective behavioral strategies, Awua said.

"What the evidence shows, and what our study confirmed, is that once students begin to use these strategies, they reduce the risk of experiencing negative consequences like drunk driving," Awua said. "Ultimately, they're supporting their own health by reducing risks. Over time, the consistent use of these strategies can help lower the overall rates of substance-related harm."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250520183846.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Landmark report reveals key challenges facing adolescents | ScienceDaily
Poor mental health, rising obesity rates, exposure to violence and climate change are among the key challenges facing our adolescents today, according to a global report.


						
The landmark report, by experts in adolescent health including from Murdoch Children's Research Institute (MCRI), has revealed how supporting young people's health and wellbeing could improve economic, social and public health for generations to come.

The 2025 Lancet Commission on Adolescent Health and Wellbeing found investment in adolescents' health and wellbeing doesn't match the scale of the problems faced by young people. Bringing together 44 Commissioners and 10 Youth Commissioners, the Commission stated while adolescents make up 24 per cent of the population (about two billion people), they receive just 2.4 per cent of global development and health funding.

By 2030, more than half of adolescents will be living in countries where their demographic experiences an excess burden of complex disease.

The report found the ongoing challenges faced by this age group included:
    	High cases of poor mental health and limited support services
    	Increasing rates of obesity due to complex environmental and commercial factors
    	Lack of digital safety and exposure to cyberbullying and misinformation
    	Experiencing violence in conflict-affected areas and within the home
    	Ongoing fallout from the COVID-19 pandemic and related public health measures
    	Widening gaps in reproductive rights, particularly for young women
    	Environmental challenges and climate change impacts

Published in The Lancet, the report predicted that by 2050, 70 per cent of the world's adolescents will be living in urban areas. While this potentially brings benefits, rapid unplanned urbanisation may also accelerate poverty, isolation and insecure housing, it found.

The report stated that urban, public spaces should be more amenable and tailored to young people, such as safe and engaging spaces to congregate, which would have a powerful effect on health outcomes.




It also found urgent action was required to better protect young people from violence and ensure equitable access to education and reproductive rights. Almost half of adolescents have experienced violence, profoundly impacting their social and emotional development and wellbeing. Whilst global efforts have largely closed the gender gap in high school education, by 2030, almost a third of young women will not be in post-secondary education, employment or training.

MCRI Professor Peter Azzopardi said there was a great need for targeted actions that focused on early intervention.

"Meaningful, evidence-based, multi-sector partnerships with young people will be the key to improving health and wellbeing," he said. But we must remain accountable by ensuring that any progress is monitored closely and reported on regularly. As our population ages and fertility rates decline, the health of our adolescents becomes even more crucuial."

Potential solutions and actions outlined included:
    	Advocating for change and amplifying the needs and voices of young people
    	Developing goal-centred approaches through the Office of the UN Secretary with a focus on measuring and improving adolescent health and wellbeing
    	Involving young people in community-based environmental programs
    	Scaling up public health programs that improve sexual and reproductive health outcomes and reduce gender-based violence
    	Strengthening actions within health and education sectors while reinforcing collaborations
    	Limiting the exposure of advertising targeting adolescents
    	Promoting and encouraging the healthy use of social media and online spaces

MCRI Professor Susan Sawyer said partnerships with young people were a cornerstone of the report, which aimed to draw on their capability and leadership to help shape the world they wanted to live in.

"This report represents a wealth of current information about the state of our young people's health," she said. The findings are alarming and they demand urgent action and accountability, in collaboration with adolescents, to create safer spaces and meaningful change."

But Professor Sawyer said lack of national leadership around adolescent health remained a major barrier to overcoming the challenges.

"A common myth is that adolescents are healthy and therefore don't need health services," she said. Yet our findings show that in every country, adolescents need access to responsive health services that can confidentially identify and respond to their emerging health needs."

The report will be launched at the World Health Organization's 78th Health Assembly in Geneva.
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Household action can play major role in climate change fight | ScienceDaily
Encouraging people in North America and Sub-Saharan Africa to adopt a low-carbon lifestyle could help to cut global household emissions of planet-warming carbon dioxide by up to two-fifths, a new study reveals.


						
Researchers have identified 21 low-carbon actions that, if adopted by the top 23.7% of global emitters, could reduce global carbon footprints by 10.4 gigatons of CO2 equivalent -- some 40.1% of household consumption-based emissions in the 116 countries analysed.

The international research team found that North America shows substantial reduction potential, while some Sub-Saharan African countries -- such as Mauritius, Namibia, and Chad -- present unexpected mitigation possibilities.

Steps which households could take to create the maximum impact in reducing carbon levels include:
    	Reducing the use of commercial services (potential reduction of 10.9%)
    	Shifting towards a healthy vegan diet, reducing consumption of animal-based food, sugar, and unhealthy processed food products (potential reduction of 8.3%)
    	Implementing energy-efficient building standards, with a potential reduction of 6.0%)
    	Moving from private vehicles to public transportation (potential reduction of 3.6%).
    	Sharing and repairing home appliances (potential reduction of 3.0%)

Publishing their findings in Nature Communications, an international group of researchers reveal that the impact of changes in consumption patterns related to mobility and services could contribute 11.8% and 10.2% of emission reductions, respectively.

As the University of Birmingham prepares to contribute to this year's COP30 environmental summit in Brazil, the experts note that North America shows substantial reduction potential, while some Sub-Saharan African countries present unexpected mitigation possibilities.

The corresponding author, Dr Yuli Shan, from, the University of Birmingham, commented: "Our study shows that adopting low-carbon lifestyles can play a pivotal role in mitigating climate change. By targeting high-emitting households, we can achieve significant carbon reductions and move closer to our global climate targets."

Researchers analysed household expenditure data targeting households exceeding the global per-capita average required to stay below 2 degrees Celsius -- providing a comprehensive analysis of the carbon reduction potential of various low-carbon actions.




Dr. Yuru Guan, the first author of the study, commented: "This study, a key component of my doctoral thesis, demonstrates that adopting consumption-based low-carbon strategies is essential for climate mitigation." Dr Yuru Guan has recently received her doctoral degree from the University of Groningen and now works as a postdoctoral researcher at the University of Birmingham.

Their findings underscore the importance of engaging consumers in addressing climate change -highlighting the need for equitable measures that target high emitters while supporting those facing barriers to low-carbon transitions, such as energy poverty.

The other corresponding author, Professor Klaus Hubacek, from the University of Groningen, commented: "This research provides valuable insights into the potential of lifestyle changes for reducing carbon footprints. It is crucial for policymakers to consider these findings and implement strategies that encourage sustainable consumption patterns."
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Agrivoltaics enjoys comparatively high acceptance | ScienceDaily
Photovoltaic systems are increasingly being installed not only on roofs but also on open land. This does not always meet with citizens' approval. What is known as agrivoltaics (Agri-PV), however, is viewed more favorably, as researchers at the University of Bonn have now been able to show. In this case, the solar cells are installed in spaces used for agriculture -- such as on pastures or as a canopy over grapevines. According to a survey of almost 2,000 people, this form enjoys much higher acceptance than normal solar parks. The study has been published in the journal Land Use Policy.


						
Solar electricity is an important environmentally friendly energy source. However, the light-sensitive panels swallow up a great deal of space. Many citizens also consider the systems to be unattractive and annoying -- especially if arable land and grassland has been sacrificed for them.

One alternative is what is known as agrivoltaics. This involves installing the panels on land that continues to be used for agriculture -- grain fields, pastures, apple orchards, or vineyards. "They usually reduce the yield," explains Hendrik Zeddies from the Center for Development Research (ZEF) at the University of Bonn. "However, they sometimes also create synergies. For example, the solar cells can be used as a transparent canopy to protect fruit trees or grapevines from hailstones or harsh sunlight. On wheat fields, they often serve as wind protection -- similar to a wall or a hedge."

Cows graze between solar panels

The study that has now been published also shows that agrivoltaics offers a further advantage that should not be underestimated: It clearly enjoys much greater acceptance among the public than conventional solar parks. This is at least what the results of an online survey involving almost 2,000 men and women from Germany indicate. Zeddies is one of its initiators, alongside his colleagues Dr. Martin Parlasca and Prof. Dr. Matin Qaim, Director of the ZEF.

The respondents were chosen in such a way that their composition with regard to age, sex, education, income, and state of residency reflected the German population. They were initially given information on the advantages and disadvantages of agrivoltaics and conventional solar parks on open land. They were then assigned at random to one of three groups. The first saw photos of a pasture and, as a comparison, a meadow on which long rows of solar panels stood between the grazing cows. Similarly, the second group looked at pairs of images of a wheat field with and without solar panels, the third of a vineyard. These images were each compared with pure solar parks in the same landscape scene.

"We asked the participants how they assessed the intervention in the respective landscape," explains Zeddies. "For instance, how attractive or unattractive they found the areas shown or how they assessed their recreational value." In addition, they were asked to state whether they would be willing to accept a price premium for the electricity produced in the respective areas -- or the reverse: Whether they would pay money to prevent the solar park.




Almost 44 percent would pay more for agrivoltaic electricity

The results show that agrivoltaics met with much higher acceptance -- regardless of the scenario shown: Almost 44 percent would pay more for electricity from these areas; however, only 29 percent would be willing to do so for normal solar parks on open land. Just 2.9 percent would also finance measures to prevent agrivoltaics out of their own pockets -- the figure was 4.8 percent for conventional parks. Although the respondents were generally of the opinion that photovoltaics impairs the view of the landscape, these negative impacts were lower in their eyes when it came to agrivoltaics -- presumably because it makes a difference whether solar energy production is pushing agriculture aside or whether energy and food production are combined.

"Our survey is hypothetical -- the participants do not really have to spend any money," stresses Prof. Dr. Matin Qaim, who is also a member of the Transdisciplinary Research Area (TRA) "Sustainable Futures" and the Cluster of Excellence "PhenoRob." "Nevertheless, the results allow us to conclude that agrivoltaics meets with greater acceptance among the public than normal open-space solar systems." Agrivoltaics could, therefore, be a way to accelerate the development of environmentally friendly energy without provoking major conflicts among the population and jeopardizing food security.

However, Zeddies, who himself grew up on a farm, still sees unanswered questions. For instance, the costs for these systems are higher than for conventional open-space systems. As agrivoltaics also delivers lower electricity yields, these initial investments only amortize very slowly. "Without subsidies, it will presumably not be possible to install many systems," he says.
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Thousands of animal species threatened by climate change | ScienceDaily
A novel analysis suggests more than 3,500 animal species are threatened by climate change and also sheds light on huge gaps in fully understanding the risk to the animal kingdom.


						
The study was published today in BioScience.

"We're at the start of an existential crisis for the Earth's wild animals," said Oregon State University's William Ripple, who led the study. "Up till now, the primary cause of biodiversity loss has been the twin threats of overexploitation and habitat alteration, but as climate change intensifies, we expect it to become a third major threat to the Earth's animals."

Ripple, distinguished professor of ecology in the OSU College of Forestry, and collaborators in the U.S. and Mexico used publicly available biodiversity datasets to examine animal data for 70,814 species from 35 existing classes. They categorized the species by class and climate change risks as assessed by the International Union for Conservation of Nature.

The researchers found that at least one-quarter of the species in six different classes are threatened by climate change; these classes include arachnids and chilopodans (centipedes) as well as anthozoans and hydrozoans (marine invertebrates related to jellyfish and corals). Smaller percentages of other classes' species are also directly at risk from a warming climate.

"We are particularly concerned about invertebrate animals in the ocean, which absorbs most of the heat from climate change," Ripple said. "Those animals are increasingly vulnerable because of their limited ability to move and promptly evade adverse conditions."

Sudden impacts on animal communities can take the form of mass mortality from extreme events like heat waves, wildfires, droughts and floods.




"The cascading effects of more and more mass mortality events will likely affect carbon cycle feedbacks and nutrient cycling," Ripple said. "Those effects also likely will have an impact on species interactions such as predation, competition, pollination and parasitism, which are vital for ecosystem function."

The 90% reduction in mollusk populations along Israel's coastline because of escalating water temperatures shows how susceptible invertebrates are, he said. Other examples include the deaths of billions of intertidal invertebrates during the 2021 Pacific Northwest heat dome, and the catastrophic die-off of corals across 29% of the Great Barrier Reef following a severe 2016 marine heat wave.

Mass mortalities have not been limited to invertebrates, Ripple notes. In 2015 and 2016, about 4 million common murres off the west coast of North America starved to death via an altered food web caused by an extreme marine heat wave.

The same heat wave caused a 71% decline in Pacific cod because of an increase in metabolic demand and a reduced prey base, and marine heat waves have likely played a role in the deaths of approximately 7,000 humpback whales in the North Pacific.

Further cause for concern, the authors note, is the comparatively small amount of information that's been gathered regarding climate change risk to wildlife. Most wildlife classes (66 of 101) have not yet had any species assessed by the IUCN, and the 70,814 species that have been assessed represent 5.5% of all described wildlife species alive today.

"Our analysis is meant to be a preliminary effort toward assessing climate risk to wildlife species," Ripple said. "Understanding the risk is crucial for making informed policy decisions. We need a global database on mass mortality events due to climate change for animal species in all ecosystems, and an acceleration in assessing currently ignored species."

The IUCN Red List of Threatened Species, he notes, has a bias toward vertebrates, which make up less than 6% of the Earth's named animal species.

"There is also a need for more frequent climate risk assessments of all species and better consideration of adaptive capacity," Ripple said. "We need the integration of biodiversity and climate change policy planning on a global scale."

Roger Worthington, an attorney in Bend, Oregon, provided partial funding for this study, which also included Christopher Wolf and Jillian Gregg of Terrestrial Ecosystem Research Associates and Erik Torres-Romero of the Biotechnology Engineering-Polytechnic University of Puebla in Puebla, Mexico.
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Investment risk for energy infrastructure construction is highest for nuclear power plants, lowest for solar | ScienceDaily
Between now and 2050, the International Energy Agency projects that more than $100 trillion will be spent on building net-zero energy infrastructure globally. Yet every single one of these projects runs the risk of higher-than-expected construction costs or time delays. Newer technologies introduced in the past decade, such as hydrogen or geothermal energy, are even more difficult to evaluate as government agencies, energy developers, utilities, investors, and other stakeholders decide which sustainable energy systems are best for future projects.


						
In a new state-of-the-art study, published in the journal Energy Research & Social Science, researchers at the Boston University Institute for Global Sustainability (IGS) found that runaway construction costs and delayed timelines stymie many energy projects. In fact, the average project costs 40% more than expected for construction and takes almost two years longer than planned, as the study showed.

Nuclear power plants are the worst offenders, with an average construction cost overrun typically twice as much as expected or more, and the most extreme time delays. To be exact, the average nuclear power plant has a construction cost overrun of 102.5% and ends up costing $1.56 billion more than expected.

Looking at newer net-zero options reveals higher risk as well. Hydrogen infrastructure and carbon capture and storage both exhibit significant average time and cost overruns for construction, along with thermal power plants relying on natural gas, calling into question whether these can be scaled up quickly to meet emission reduction goals for climate mitigation.

"Worryingly, these findings raise a legitimate red flag concerning efforts to substantially push forward a hydrogen economy," says Benjamin Sovacool, lead and first author of the study, director of IGS, and professor of earth and environment.

By contrast, solar energy and electricity grid transmission projects have the best construction track record and are often completed ahead of schedule or below expected cost. Wind farms also performed favorably in the financial risk assessment.

For Sovacool, the evidence is clear: "Low-carbon sources of energy such as wind and solar not only have huge climatic and energy security benefits, but also financial advantages related to less construction risk and less chance of delays," he says. "It's further evidence that such technologies have an array of underrated and underappreciated social and economic value."

Using an original dataset significantly larger and more comprehensive than existing sources, the study provides the most rigorous comparative analysis of construction cost overrun risks and time delays for energy infrastructure projects globally.




"Low-carbon sources of energy such as wind and solar not only have huge climatic and energy security benefits, but also financial advantages related to less construction risk and less chance of delays."

The researchers compiled data on 662 energy infrastructure projects covering a diverse spectrum of technology classes and capacities, built between 1936 and 2024 across 83 countries, representing $1.358 trillion in investment. This includes emerging innovations such as geothermal and bioenergy, providing fresh insights into the cost dynamics of these recently commercialized technologies. In total, the study evaluated ten types of projects: thermoelectric power plants fueled by coal, oil, or natural gas combustion; nuclear reactors; hydroelectric dams; utility-scale wind farms; utility-scale solar photovoltaic and concentrated solar power facilities; high-voltage transmission lines; bioenergy power plants; geothermal power plants; hydrogen production facilities; and carbon capture and storage facilities.

Understanding what causes energy projects to go over budget and fall behind schedule -- and when that tipping point occurs -- is another important contribution of this global analysis. The study examined diseconomies of scale, construction delays, and governance factors to identify critical thresholds when project costs surge, helping to inform better risk management strategies.

"I'm particularly struck by our findings on the diseconomies of scale, with projects exceeding 1,561 megawatts in capacity demonstrating significantly higher risk of cost escalation," says Hanee Ryu, second and corresponding author and a visiting researcher at IGS. "This suggests that we may need to reconsider our approach to large-scale energy infrastructure planning, especially as we commit trillions to global decarbonization efforts."

What this could mean, Ryu explains, is that smaller, modular renewable projects might not only bring environmental benefits, but also potentially reduce financial risk and offer better budget predictability.
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With evolutionary AI, scientists find hidden keys for better land use | ScienceDaily
Using global land use and carbon storage data from the past 175 years, researchers at The University of Texas at Austin and Cognizant AI Labs have trained an artificial intelligence system to develop optimal environmental policy solutions that can advance global sustainability initiatives of the United Nations. The AI tool effectively balances various complex trade-offs to recommend ways of maximizing carbon storage, minimizing economic disruptions and helping improve the environment and people's everyday lives, according to a paper published today in the journal Environmental Data Science.


						
The project is among the first applications of the UN-backed Project Resilience, a team of scientists and experts working to tackle global decision-augmentation problems -- including ambitious sustainable development goals this decade -- through part of a broader effort called AI for Good. University of Texas at Austin computer scientist Risto Miikkulainen, who helped launch Project Resilience, believes the new AI approach, initially focused on land use, can address an even larger set of challenges, from infectious diseases to food insecurity, with artificial intelligence potentially discovering better solutions than humans.

"There's always an outcome you want to optimize for, but there's always a cost," he said. Amid all of the trade-offs, AI can home in on unexpected pathways to desirable outcomes at various costs, helping leaders selectively pick battles and yield better results.

The secret sauce of the researchers' system is evolutionary AI. Inspired by the process of natural selection in biological systems, this computational approach starts with a few dozen policy scenarios and predicts how each scenario will impact various economic and environmental costs. Then, like a digital version of survival of the fittest, policy combinations that don't balance the trade-offs well are killed off, while the best ones are allowed to reproduce, giving rise to hybrid offspring. Random mutations also are sprinkled in to help the system explore novel combinations faster. The process then repeats, winnowing poor performers and keeping the best, across hundreds or thousands of scenarios. Like biological evolution, the "generations" of scenarios become ever-more optimized for a set of priorities.

The team used two tools -- a recently released set of global land use data going back centuries and a model that correlates land use with carbon fluxes. First, they used this data to train a prediction model to correlate location, land use and carbon over time. Second, they developed a prescription model to help decision makers find optimal land-use strategies to reduce climate change.

The AI system's recommendations sometimes surprised the team. Although forests are known to be good at storing carbon, the AI prescription model offered a more nuanced approach than converting as much land as possible into forests, regardless of location. For example, it found that replacing crop land with forest is much more effective than replacing range land (which includes deserts and grasslands). Also, generally, the same land use change at one latitude didn't yield the same benefits as at another latitude. Ultimately, the system recommended that larger changes should be allocated to locations where it mattered more; in essence, it's more effective to pick your battles.

"You can obviously destroy everything and plant forests, and that would help mitigate climate change," said Daniel Young, a researcher at Cognizant AI Labs and a Ph.D. student at UT Austin. "But we would have destroyed rare habitats and our food supply and cities. So we need to find a balance and be smart about where we make changes."

The researchers have turned their model into an interactive tool that decision makers like legislators can use to explore how incentives, such as tax credits for landowners, would be likely to alter land use and reduce carbon.




Land use activities, including agriculture and forestry are estimated to be responsible for nearly a quarter of all human-caused greenhouse gas emissions. Experts believe smart land use changes will be needed to reduce the amount of carbon in the air and thereby slow climate change. According to Miikkulainen and Young, AI offers options that people, businesses and governments otherwise resistant to change may find easier to accept.

An earlier version of the paper was presented at a major machine learning and computational neuroscience conference, NeurIPS, where it won the "Best Pathway to Impact" award at the Climate Change workshop.

The other authors on the paper are Olivier Francon, Elliot Meyerson, Clemens Schwingshackl, Jakob Bieker, Hugo Cunha and Babak Hodjat.
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Stars or numbers? How rating formats change consumer behavior | ScienceDaily
What's the difference between a product rating of 3.5 displayed with stars versus standard numerals? It might very well be the difference between a 4 and a 3 rating in the eyes of the consumer, according to new marketing research from the Cornell SC Johnson College of Business.


						
In six experiments, the researchers found that consumers tend to overestimate fractional star ratings and underestimate fractional numerals. In either case, the ratings can be misleading, potentially causing a company to unknowingly overpromise and underdeliver -- or sell its own product short.

"Overestimating Stars, Underestimating Numbers: The Hidden Impact of Rating Formats," was published May 15 in the Journal of Marketing Research.

"When these pictures communicate a fractional number -- say 3.5, where there are three full stars and one-half star -- our brain automatically completes this half picture," said first author Deepak Sirwani, now an assistant professor in the Marketing and Behavioural Science Division at the University of British Columbia. "But when the same rating is communicated using numbers, we focus on the left digit, which is '3,' and that's why 3.5 feels more like a 3 than a 4. That's why we underestimate it."

According to Manoj Thomas, a professor of management at Cornell University, this work is really about the human brain and how it processes images and standard Arabic numerals.

"Our results suggest that the brain representations that are activated when you process stars are completely different from the brain representations that are activated when you process Arabic numerals. That realization was the a-ha! moment," Thomas said. "Most people don't realize that, but it's a huge difference."

The researchers found consistent results across all six experiments they ran. In study 1, for example, they sought to measure the perceived accuracy of ratings using stars versus numerals. A total of 616 participants were randomly assigned to one of three experiment conditions based on the type of rating symbol used: stars; numerals; or both.




Participants were presented with 17 numeric ratings, from 1 to 5, in increments of 0.25, one at a time and in random order, and were asked to estimate the position of each rating on an unmarked horizontal line, with endpoints 1 and 5.

The participants consistently overestimated the magnitude of fractional star ratings while underestimating the magnitude of the numeric ratings.

The group said their findings demonstrate that prevalent rating formats are misleading, highlighting the need for new industry standards.

"What makes this research powerful is the importance of ratings in the current marketplace," Sirwani said. "Most of us do not buy anything without checking its rating nowadays, and rating has become as powerful a predictor of purchase as price, or brand or even recommendations from friends and family."

Other research, he said, has indicated that even a rating jump of 0.2 points can increase sales by up to 300%. "We are showing," he said, "that sales could potentially increase by orders of magnitude by just showing stars instead of numbers."
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Study reveals healing the ozone hole helps the Southern Ocean take up carbon | ScienceDaily
New research suggests that the negative effects of the ozone hole on the carbon uptake of the Southern Ocean are reversible, but only if greenhouse gas emissions rapidly decrease.


						
The study, led by the University of East Anglia (UEA), finds that as the ozone hole heals, its influence on the ocean carbon sink of the Southern Ocean will diminish, while the influence of greenhouse gas (GHG) emissions will rise.

Relative to its area, the Southern Ocean takes up a disproportionate amount of carbon, which reduces the radiative effects of carbon in the atmosphere and strongly mitigates human-caused climate change. Therefore, knowing how much carbon it will absorb, and what controls this carbon uptake, is important.

Scientists from the UEA and the National Centre for Atmospheric Science (NCAS), in the UK, looked at the relative role of ozone and GHG emissions in controlling the circulation of the Southern Ocean around Antarctica, focusing on how it would impact the carbon uptake.

They were interested in how the amount of atmospheric carbon taken up by the Southern Ocean has changed in the 20th century, and how it will change over the 21st century. Their findings are published today in the journal Science Advances.

Lead author Dr Tereza Jarnikova, of the Tyndall Cente for Climate Change Research at UEA, said: "An interesting, and hopeful, highlight of this work is that the effects of human-caused ozone hole damage on the winds, circulation, and carbon uptake of the Southern Ocean are reversible, but only under a lower scenario of greenhouse gas emissions."

The Southern Ocean takes up lots of atmospheric carbon because of its unique circulation and properties. Winds have intensified in past decades due to the loss of stratospheric ozone, acting to reduce the uptake of carbon.




As the ozone hole recovers, however, the study shows this phenomenon could reverse. At the same time, increasing GHG emissions could also lead to stronger winds, so how the Southern Ocean circulation will behave in the future, and therefore how much carbon this ocean will take up, is uncertain.

"We found that in the past decades, the depletion of ozone led to a relative reduction of the carbon sink, in general because of a tendency of the stronger winds to bring higher-carbon water from depth up to the surface of the ocean, making it less suitable for taking up atmospheric carbon," said Dr Jarnikova.

"This isn't true in the future: in the future, the influence of ozone on the winds, and therefore on the Southern Ocean, diminishes, and it's replaced by the increasing influence of greenhouse gas emissions, which also lead to strong winds."

The study alsoshows that in the future, changes in ocean circulation will have less influence on carbon uptake than they had in the past, because of the changing distribution of carbon between the surface and the deep ocean.

The team used an Earth system model (UKESM1) to simulate three sets of ozone conditions for the time period 1950-2100: a world where the ozone hole never opened; a realistic world where the ozone hole opened but started healing following the adoption of the 1987 Montreal protocol that banned ozone depleting substances; and a world where the ozone hole persisted at its 1987 size throughout the 21st century.

They also simulated two future greenhouse gas scenarios: a low emissions scenario and a high emissions scenario, and then calculated how the main physical features of the ocean change over the 150 simulated years, as well as how the amount of carbon taken up by the ocean changes in response to these physical changes.

This work was funded by the UK Natural Environment Research Council and the Royal Society.
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Language a barrier in biodiversity work | ScienceDaily
A University of Queensland study has shown scientific knowledge on the conservation of endangered species is often overlooked when not presented in English.


						
PhD candidate Kelsey Hannah examined articles about the protection and management of birds, mammals, and amphibians and compared how often those in English and 16 other languages were cited in further work.

"The 500 papers in my study were published in peer-reviewed journals and available internationally to people working in conservation," Ms Hannah said.

"Across the board, the non-English language papers had significantly fewer citations.

"The English-language articles had a median of 37 citations while the non-English articles had a median of zero."

Ms Hannah said the number of citations was unchanged regardless of the robustness of the study design or even the conservation status of the study species.

"This suggests the reason this work isn't being noticed is a lack of visibility or lack of search effort because of language barriers," she said.




"One thing that did make a difference for non-English-language articles was providing an English abstract -- those articles had 1.5 times as many citations."

The analysis showed that many non-English-language studies had a high number of citations within their own language, but cross-language citations were very low.

"A Japanese study of the Oriental stork in 2011 for example only had citations in Japanese -- even though the species is also endangered in China, Korea and Russia," Ms Hannah said.

"This means timely and relevant work may not be being seen by the people who can use it to understand and address the conservation challenges of many species."

Associate Professor Tatsuya Amano at UQ's School of the Environment said it was crucial that language was not a barrier in addressing the ongoing global biodiversity crisis.

"A lot of the world's biodiversity is in areas where English is not the primary language," Dr Amano said.




"If we're missing out on information from those regions, and not making decisions using that expertise, conservation efforts could have less impact.

"We encourage researchers to think about the accessibility of their work and consider providing multi-lingual abstracts.

"Importantly, English speaking scientists could remember to look beyond English language studies when conducting research to gain a broader perspective."

This work is a part of translatE and is supported by an Australian Research Council Future Fellowship, an Australian Research Council Discovery Project, and a University of Queensland Research Training Program Scholarship.

The research is published in Conservation Biology.
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School dinners may encourage picky teenagers to eat better, says new study | ScienceDaily
Having school dinners rather than packed lunches could encourage picky eating 13-year-olds to eat a wider variety of foods, according to a new University of Bristol-led study. The findings are published in the Journal of Human Nutrition and Dietetics today [15 May].


						
The research showed when children who were picky eaters as preschoolers got to choose their own food (school dinners) at lunchtime, they were less picky in what they ate, compared with a packed lunch. To the research team's knowledge, this is the first time that lunchtime food behaviours in picky children have been studied outside of the home, and away from family influence.

In the study, picky children were less likely than their non-picky peers to have meat or fish sandwich fillings, and more likely to have fillings such as marmite, peanut butter or cheese spread. They were also less likely to eat fruit or salad in packed lunches. However, when picky children ate school dinners, they did not avoid meat, fish or fruit. They ate a wider variety of foods and made more similar choices to those of their peers.

Researchers looked at questionnaire data from more than 5,300 children in the longitudinal Children of the 90s study. They analysed data from multiple pre-school ages and again at age 13 years, to understand how picky eating behaviour changes over time.

Of the children participating, around half had packed lunch on most days, over a quarter had school dinners on most days and just over a third more had school dinners on some days. A quarter of children admitted to sometimes skipping lunch completely. There was no difference in the frequency of having packed lunches versus school dinners between picky and non-picky eaters.

Picky eating peaks at around 3 years of age, but this study revealed that some of those who were picky as toddlers go on to have similar traits at 13 years old. However, school dinners could help picky children explore more foods and become healthier overall.

It is well known that picky children consume less fruits and vegetables than others, but the study found that almost all children were not eating enough vegetables. Vegetables are crucial for children to get the fibre, vitamins and minerals that they require for healthy development and to avoid long-term health conditions.




Dr Caroline Taylor, lead researcher and Associate Professor in Nutrition at the University of Bristol, said: "Every child is different, and what works for some won't work for others. We found that school dinners could be a good option to increase variety in the diets of picky teens, but there are plenty of other things parents can do to encourage a healthy diet. Whether that is enjoying family meals together, modelling a balanced diet yourself, or involving them in meal preparation, it all helps.

"We know that most picky children are eating enough, but they're sometimes lacking a good balance of foods. It's important to encourage all children to eat enough nutrient-rich fruits and vegetables to help them grow and develop, whether that's at home or at school."

Dr Taylor and her research group now want to use data from the Children of the 90s study to look at adult picky eating habits and how it impacts on health.

The research was based at the Centre for Academic Child Health, part of Bristol Medical School, and relied on data from the Children of the 90s study, which recruited over 14,500 pregnant women from the Bristol area between 1991 and 1992, and has followed the lives of the women, their partners, and their children ever since.
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Asians made humanity's longest prehistoric migration and shaped the genetic landscape in the Americas | ScienceDaily
An international genomics study led by scientists from Nanyang Technological University, Singapore (NTU Singapore) at the Singapore Centre for Environmental Life Sciences Engineering (SCELSE) and Asian School of the Environment (ASE) has shown that early Asians made humanity's longest prehistoric migration.


						
These prehistoric humans, roaming the earth over a hundred thousand years ago, would have traversed more than 20,000 kilometres on foot from North Asia to the southernmost tip of South America.

This journey would have taken multiple generations of humans, taking thousands of years. In the past, land masses were also different, with ice bridging certain portions that made the route possible.

Supported by the GenomeAsia100K consortium [1], the study was published this week in Science, which analyses DNA sequence data from 1,537 individuals representing 139 diverse ethnic groups.

The study involved 48 authors from 22 institutions across Asia, Europe and the Americas.

The researchers traced an ancient migratory journey that began in Africa, proceeded through North Asia and ended at Tierra del Fuego in modern-day Argentina, which is considered the final boundary of human migration on Earth.

By comparing patterns of shared ancestry and genetic variations that accumulate over time, the team was able to trace how groups split, moved, and adapted to new environments.




These patterns allowed the team to reconstruct ancient migration routes and estimate when different populations diverged.

The reconstructed routes gave a detailed picture of how early humans reached the far edge of the Americas, and the findings suggested that this pioneering group overcame extreme environmental challenges to complete their journey across millennia.

A key insight was that these early migrants arrived at the northwestern tip of South America, where modern-day Panama meets Colombia, approximately 14,000 years ago.

From this critical point of entry, the population diverged into four major groups: one remained in the Amazon basin, while the others moved eastward to the Dry Chaco region and southward to Patagonia's ice fields, navigating the valleys of the Andes Mountains, the highest mountain range outside of Asia.

By analysing the genetic profiles of indigenous populations in Eurasia and South America, researchers from the GenomeAsia100K project have, for the first time, mapped the unexpectedly large genetic diversity of Asia.

Understanding migration and genetic resilience

The study also sheds light on the evolutionary consequences of such a vast migration.




Associate Professor Kim Hie Lim from NTU's Asian School of the Environment, the study's corresponding author, explained that the arduous journey over thousands of years had reduced the genetic diversity of the migrant population.

"Those migrants carried only a subset of the gene pool in their ancestral populations through their long journey. Thus, the reduced genetic diversity also caused a reduced diversity in immune-related genes, which can limit a population's flexibility to fight various infectious diseases," explained Assoc Prof Kim, a Principal Investigator at SCELSE and Vice-Director of GenomeAsia100K.

"This could explain why some Indigenous communities were more susceptible to illnesses or diseases introduced by later immigrants, such as European colonists. Understanding how past dynamics have shaped the genetic structure of today's current population can yield deeper insights into human genetic resilience."

SCELSE Senior Research Fellow Dr Elena Gusareva, the study's first author, said that these early groups settled into new ecological niches, and over hundreds of generations, their bodies and lifestyles evolved in response to the unique challenges of each region.

"Our findings highlight the extraordinary adaptability of early, diverse indigenous groups who successfully settled in vastly different environments. Using high-resolution whole-genome sequencing technology at SCELSE, we can now uncover the deep history of human migration and the genetic footprints left behind by the early settlers."

Importance of Asian representation in genetic studies

NTU Professor Stephan Schuster, the study's senior author of the paper and the Scientific Director of the GenomeAsia100K consortium, said: "Our study shows that a greater diversity of human genomes is found in Asian populations, not European ones, as has long been assumed due to sampling bias in large-scale genome sequencing projects."

"This reshapes our understanding of historical population movements and lays a stronger foundation for future research into human evolution. Our new insights underscore the importance of increasing the representation of Asian populations in genetic studies, especially as genomics plays a critical role in personalised medicine, public health, and the understanding of human evolution," added Prof Schuster, who is the President's Chair in Genomics at NTU's School of Biological Sciences, and the Deputy Centre Director at SCELSE.

By tracing the impact of migration and isolation on genetic characteristics, the study offers insights into how different populations respond to diseases and how their immune systems have evolved.

The findings also help scientists better understand the genetic makeup of Native American populations and help policymakers to better protect and conserve native communities.

It also demonstrates how advanced genomic tools and global collaboration can deepen humanity's understanding of human evolution and inform future medical and scientific breakthroughs.

[1] GenomeAsia100K is a non-profit consortium focused on sequencing and analysing 100,000 Asian genomes to drive population-specific medical advancements and precision medicine.
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Learning as an adventure: The lecture theater in the spaceship | ScienceDaily
The low-threshold, playful communication of complex scientific content is a challenge. A team from the Game Lab Graz at the Institute of Human-Centred Computing at Graz University of Technology (TU Graz) has developed a solution for this. The learning environment Project Chimera, implemented as a computer game, enables gamified, story-based learning of more complex content from the fields of science and technology. Funded by an Epic Mega Grant from software and games developer Epic Games (Fortnite, Unreal Engine), a team led by Johanna Pirker and Saeed Safikhani has created a virtual 3D world in which physics, mechanical engineering and soon also logic gates and gravity experiments are conveyed to users as part of a story with playful elements.


						
No classic learning programme

"What sets Chimera apart from other educational games is the gamification aspect and the story you experience," says Johanna Pirker, head of the Game Lab Graz and initiator of Project Chimera. "Normally, learning programmes try to teach people something directly. We want the users themselves to develop the desire to get to know science better."

One of the ways in which this is achieved is that the players in Project Chimera do not move through a classic learning environment, but through a damaged spaceship. There, tasks from various scientific disciplines have to be mastered so that the ship becomes functional again and the users can reach the bridge. To solve the tasks, which are designed like classic puzzles from computer games, players must first understand the necessary scientific principles and then apply them in practice.

Incentives through a quest-like structure

An example of this is the first problem after the character has entered the spaceship. The elevator is out of order, blocking the way to other floors and the bridge. To get the elevator running again, the players have to start its electric motor. Firstly, this means that the batteries need energy again. So, the users have to find out how batteries can be charged with the help of magnets. Once the batteries are full, the motor itself also has to be repaired, which leads to learning about the technology behind an electric motor.

This quest-like structure provides continuous incentives to learn more about a topic and to solve the tasks, bringing you closer to the next floor and ultimately the command bridge. Each floor on the route deals with a different scientific subject area and imparts the most relevant scientific principles until it is completed. There is also consideration of making the difficulty level of the game adaptable to different age groups, which means that Project Chimera could then also be used in schools.

Accompanying study shows motivation increase

The educational game has already been used at TU Graz with students in the field of mechanical engineering: "Working with a real engine is quite difficult in the classroom and it doesn't always make sense," says project leader Saeed Safikhani. "With Project Chimera, we give students the opportunity to experiment with it in a very uncomplicated way." An accompanying study has shown that the motivation of students has increased through the use of the game. "Of course, we still need theoretical classes," says Saeed Safikhani, "but with applications like Project Chimera, learners gain practical experience and develop more interest in theory at the same time."

Project Chimera is available for free as a pre-alpha version on the gaming platform Steam. The game tries to achieve the visual and interaction quality of AAA games but due to its pre-alpha status, the game has not yet been optimised and therefore has very high hardware requirements.
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Human activity reduces plant diversity hundreds of kilometers away | ScienceDaily
Natural ecosystems comprise groups of species capable of living in the specific conditions of a biological system. However, if we visit a specific natural area, we will not find all the species capable of living in it. The proportion of species that could live in a specific location but do not do so is known as dark diversity, a concept coined in 2011 by researchers at the University of Tartu (Estonia). Research involving the UPV/EHU has now discovered that this dark diversity increases in regions with greater human activity.


						
The study, in which the Biodiversity and Evolution Research Group of the UPV/EHU's Faculty of Science and Technology participated, was carried out within the framework of the international DarkDivNet network and focused on nearly 5,500 locations in 119 regions across the world. In each location studied, the research teams analysed all the plant species present in different habitats to identify dark diversity. This innovative methodology for studying biodiversity made it possible to estimate the potential plant diversity in each study site and compare it with the plants actually present.

The results reveal a hitherto unknown effect of human activities on biodiversity. In regions with little human impact, natural habitats contain on average one third of the potential species, mainly because not all the species can spread throughout the area naturally. By contrast, in regions with a high human impact, habitats tend to include only one fifth of the potential species. Traditional methods for estimating biodiversity, based on counting the number of species present without taking potential species into consideration, tend to underestimate the true effect of human impact.

The Gorbeia Nature Reserve

Based on the original idea of Professor Meelis Partel of the University of Tartu and lead author of the study, the DarkDivNet network was launched in 2018. Since then, research groups from all over the world have been gradually joining in order to gather samples in as many regions of the planet as possible. A case in point was the UPV/EHU's scientific team formed by Idoia Biurrun-Galarraga and Juan Antonio Campos-Prieto, lecturers in the Botany section of the Department of Plant Biology and Ecology; they chose the Gorbeia Nature Reserve as the setting for sampling 55 study sites, targeting beech forests and moors as habitats. The work took five years to complete and had to contend with the COVID-19 pandemic and political crises in many countries within the network.

The degree of human impact in each region was measured using the Human Footprint Index, based on factors such as population density, changes in land use and infrastructure construction (roads). The study showed that the human footprint index negatively affects plant diversity in a locality within a radius of several hundred kilometres. The authors pointed out that the results "are alarming because they show that human disturbance exerts a much greater impact than initially thought, even reaching protected areas far from the source of human impact. Pollution, deforestation, overgrazing and forest fires can exclude plant species from their natural habitats, preventing them from recolonising." The researchers also pointed out that "the negative influence of human activity was less pronounced when at least one third of a region's area remained well preserved, which supports the global goal of protecting 30% of the planet's surface."

In conclusion, this study highlights the importance of maintaining healthy ecosystems beyond nature reserves and emphasises the concept of dark diversity as a useful tool for assessing the status of ecosystems undergoing restoration, identifying species that have a preference for a particular habitat but are not yet present in it.
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      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Shrinking Nemo: Clownfish survive heatwaves by shrinking
        Clownfish have been shown to shrink in order to survive heat stress and avoid social conflict, research reveals.

      

      
        Are groovy brains more efficient?
        The smallest grooves on the brain's surface, unique to humans, have largely been ignored by anatomists, but recent studies show that they're related to cognitive performance, including face recognition and reasoning ability. A new study shows that the depths of these tertiary sulci are also linked to increased interconnectedness between areas of the brain associated with reasoning and high-level cognitive functions. The sulci may decrease the length of neural connections, improving communication ...

      

      
        A one-pixel camera for recording holographic movies
        A new camera setup can record three-dimensional movies with a single pixel. Moreover, the technique can obtain images outside the visible spectrum and even through tissues. The development thus opens the door to holographic video microscopy.

      

      
        Unveiling the secrets of planet formation in environments of high UV radiation
        The fundamental building blocks for planet formation can exist even in environments with extreme ultraviolet radiation, according to a new study.

      

      
        'Cosmic joust': Astronomers observe pair of galaxies in deep-space battle
        Astronomers have witnessed for the first time a violent cosmic collision in which one galaxy pierces another with intense radiation. Their results show that this radiation dampens the wounded galaxy's ability to form new stars.

      

      
        A new technology for extending the shelf life of produce
        Researchers developed a way to extend the shelf life of vegetables by injecting them with melatonin using biodegradable microneedles.

      

      
        Extreme weather cycles change underwater light at Lake Tahoe
        Large shifts in UV radiation at Lake Tahoe are associated with wet and dry climate extremes, finds a new study.

      

      
        Cool science: Researchers craft tiny biological tools using frozen ethanol
        Imagine drawing on something as delicate as a living cell -- without damaging it. Researchers have made this groundbreaking discovery using an unexpected combination of tools: frozen ethanol, electron beams and purple-tinted microbes. By advancing a method called ice lithography, the team was able to etch incredibly small, detailed patterns directly onto fragile biological surfaces.

      

      
        World's first petahertz-speed phototransistor in ambient conditions
        Researchers demonstrated a way to to manipulate electrons using pulses of light that last less than a trillionth of a second to record electrons bypassing a physical barrier almost instantaneously -- a feat that redefines the potential limits of computer processing power.

      

      
        A head and a hundred tails: How a branching worm manages reproductive complexity
        Scientists have uncovered the genetic underpinnings of one of the ocean's most bizarre animals: a branching marine worm named Ramisyllis kingghidorahi that lives inside sea sponges and reproduces in a truly extraordinary way. Living hidden in tropical waters, this worm grows multiple body branches within a host sponge, each tail capable of producing separate living reproductive units called 'stolons'. But how does a single animal coordinate reproduction across so many branches?

      

      
        Robots learning without us? New study cuts humans from early testing
        Humans no longer have exclusive control over training social robots to interact effectively, thanks to a new study. The study introduces a new simulation method that lets researchers test their social robots without needing human participants, making research faster and scalable.

      

      
        Empowering robots with human-like perception to navigate unwieldy terrain
        Researchers have developed a novel framework named WildFusion that fuses vision, vibration and touch to enable robots to 'sense' and navigate complex outdoor environments much like humans do.

      

      
        Not one, but two massive black holes are eating away at this galaxy
        Astronomers searching for massive black holes shredding stars found one in an unusual place -- 2,600 light years from the core of a galaxy. The roque black hole may be from an earlier merger with another galaxy, or have been tossed out of the core after interacting with two other black holes. This is the first ever optically discovered off-nuclear tidal disruption event. Eventually, the two could merge and produce ripples of gravitational waves.

      

      
        Astronomers observe largest ever sample of galaxies up to over 12 billion light years away
        The largest sample of galaxy groups ever detected has been presented by a team of international astronomers using data from the James Webb Space telescope (JWST) in an area of the sky called COSMOS Web. The study marks a major milestone in extragalactic astronomy, providing unprecedented insights into the formation and evolution of galaxies and the large-scale structure of the universe.

      

      
        Streaked slopes on Mars probably not signs of water flow, study finds
        Researchers analyzed a global database of 500,000 strange streaks that occur on steep Martian slopes, concluding that they're most likely caused by dry processes rather than liquid flow.

      

      
        Nimble dimples: Agile underwater vehicles inspired by golf balls
        Underwater or aerial vehicles with dimples like golf balls could be more efficient and maneuverable, a new prototype has demonstrated.

      

      
        How to swim without a brain
        A team was able to show that swimming movements are possible even without a central control unit. This not only explains the behavior of microorganisms, it could also enable nanobots to move in a targeted manner, for example to transport drugs to the right place in the body.

      

      
        Capuchin monkeys develop bizarre 'fad' of abducting baby howlers
        Animal abduction: Biologists documented five male capuchin monkeys carrying at least eleven different infant howler monkeys -- a behavior never before seen in wild primates. Rise and spread: The sightings were remotely recorded by over 85 camera traps, which allowed scientists to pinpoint the origin and subsequent spread of this social tradition over a 15-month period.

      

      
        Mice use chemical cues such as odors to sense social hierarchy
        Researchers have shown that mice use chemical cues, including odors, to detect the social rank of an unfamiliar mouse and compare it to their own, using this information to determine their behavior.

      

      
        Light-to-electricity nanodevice reveals how Earth's oldest surviving cyanobacteria worked
        Scientists have decoded the atomic structure of Photosystem I from a 3-billion-year-old cyanobacteria lineage, offering a unique look at early oxygen-producing photosynthesis. The ancient nanodevice, purified from Anthocerotibacter panamensis, shows a remarkably conserved three-leaf-clover architecture for light absorption despite billions of years of evolution. The findings suggest that the fundamental design for harnessing sunlight was established very early in the history of life on Earth, pre...

      

      
        Wild orangutans show communication complexity thought to be uniquely human
        Researchers have found that wild orangutans vocalize with a layered complexity previously thought to be unique to human communication, suggesting a much older evolutionary origin.

      

      
        Log in to your computer with a secret message encoded in a molecule
        Molecules like DNA are capable of storing large amounts of data without requiring an energy source, but accessing this molecular data is expensive and time consuming. Researchers have now developed an alternative method to encode information in synthetic molecules, which they used to encode and then decode an 11-character password to unlock a computer.

      

      
        Bismuth's mask uncovered: Implications for quantum computing and spintronics materials
        Whether bismuth is part of a class of materials highly suitable for quantum computing and spintronics was a long-standing issue. Research has now revealed that the true nature of bismuth was masked by its surface, and in doing so uncovered a new phenomenon relevant to all such materials.

      

      
        Ultraviolet data from NASA's Europa Clipper mission
        The Ultraviolet Spectrograph (UVS) aboard NASA's Europa Clipper spacecraft has successfully completed its initial commissioning following the October 14, 2024, launch. Scheduled to arrive in the Jovian system in 2030, the spacecraft will orbit Jupiter and ultimately perform repeated close flybys of the icy moon Europa. Previous observations show strong evidence for a subsurface ocean of liquid water that could host conditions favorable for life.

      

      
        AI overconfidence mirrors human brain condition
        Agents, chatbots and other tools based on artificial intelligence (AI) are increasingly used in everyday life by many. So-called large language model (LLM)-based agents, such as ChatGPT and Llama, have become impressively fluent in the responses they form, but quite often provide convincing yet incorrect information. Researchers draw parallels between this issue and a human language disorder known as aphasia, where sufferers may speak fluently but make meaningless or hard-to-understand statements...

      

      
        A multitude of protoplanetary discs detected in the galactic centre
        Using new observations with the ALMA telescope array in Chile, researchers have compiled the most precise map of three regions in the Milky Way's Central Molecular Zone to date, providing valuable information on how stars form in that region.

      

      
        Dual associations with two fungi improve tree fitness
        When trees and soil fungi form close associations with each other, both partners benefit. Many tree species have further enhanced this cooperation by forming a concurrent symbiosis with two different groups of mycorrhizal fungi. Those trees cope better with water and nutrient scarcity, which is an important trait for forestry in the face of climate warming.

      

      
        Stretched in a cross pattern: Our neighboring galaxy is pulled in two axes
        Researchers have discovered that Cepheid variable stars in our neighboring galaxy, the Small Magellanic Cloud, are moving in opposing directions along two distinct axes. They found that stars closer to Earth move towards the northeast, while more distant stars move southwest. This newly discovered movement pattern exists alongside a northwest-southeast opposing movement that the scientists previously observed in massive stars.

      

      
        Scientists track down mutation that makes orange cats orange
        Many an orange cat-affiliated human will vouch for their cat's, let's say, specialness. But now scientists have confirmed that there is, in fact, something unique about ginger-hued domestic felines. In a new study, researchers have discovered the long-posited but elusive genetic mutation that makes orange cats orange -- and it appears to occur in no other mammal.
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Shrinking Nemo: Clownfish survive heatwaves by shrinking | ScienceDaily
Clownfish have been shown to shrink in order to survive heat stress and avoid social conflict, Newcastle University research reveals.


						
The fish, recognisable from the starring role in the film 'Finding Nemo', were studied by academics from the universities of Newcastle, Leeds and Boston, USA. The work was conducted in collaboration with Mahonia Na Dari Conservation and Research Centre, in Kimbe Bay, Papua New Guinea. The team measured the length of 134 clownfish every month for five months, and monitored the water temperature every 4-6 days, during a marine heatwave which are becoming increasingly common as a result of climate change.

Publishing in the journal Science Advances, they reveal the remarkable ability of clownfish to shrink, i.e. they can get shorter, in response to heat stress. Shrinking increased individuals' chances of surviving the heat stress event by as much as 78%.

In a heart-warming discovery, they also show that coordination is important for clownfish, as they have a higher chance of surviving heatwaves when they shrink alongside their breeding partner. This is the first time that a coral reef fish has been shown to reduce the length of their body in response to environmental and social conditions.

Melissa Versteeg, a PhD researcher at Newcastle University's School of Natural and Environmental Sciences led the study. Of this newly-discovered ability for the clownfish to shrink, she said: "This is not just about getting skinnier under stressful conditions, these fish are actually getting shorter. We don't know yet exactly how they do it, but we do know that a few other animals can do this too. For example, marine iguanas can reabsorb some of their bone material to also shrink during times of environmental stress.

"We were so surprised to see shrinking in these fish that, to be sure, we measured each fish individual repeatedly over a period of five months. In the end, we discovered it was very common in this population. During our study, 100 fish shrank out of the 134 fish that we studied."

"It was a surprise to see how rapidly clownfish can adapt to a changing environment and we witnessed how flexibly they regulated their size, as individuals and as breeding pairs, in response to heat stress as a successful technique to help them survive."

The authors also highlight that individual shrinking might explain the rapidly declining size of fish in the world's oceans.

Dr Theresa Rueger, Senior Lecturer in Tropical Marine Sciences and senior author of the study added: "Our findings show that individual fish can shrink in response to heat stress, which is further impacted by social conflict, and that shrinking can lead to improving their chances of survival. If individual shrinking were widespread and happening among different species of fish, it could provide a plausible alternative hypothesis for why the size many fish species is declining and further studies are needed in this area."
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Are groovy brains more efficient? | ScienceDaily
Many grooves and dimples on the surface of the brain are unique to humans, but they're often dismissed as an uninteresting consequence of packing an unusually large brain into a too-small skull.


						
But neuroscientists are finding that these folds are not mere artifacts, like the puffy folds you get when forcing a sleeping bag into a stuff sack. The depths of some of the smallest of these grooves seem to be linked to increased interconnectedness in the brain and better reasoning ability.

In a study published May 19 in The Journal of Neuroscience, University of California, Berkeley, researchers show that in children and adolescents, the depths of some small grooves are correlated with increased connectivity between regions of the brain -- the lateral prefrontal cortex and lateral parietal cortex -- involved in reasoning and other high-level cognitive functions.

The grooves may actually bring those areas closer together in space, shortening the connections between them and speeding communications.

The implication, the researchers say, is that variability in these small grooves, which are called tertiary sulci (pronounced sul'-sigh), may help explain individual differences in cognitive performance, and could serve as diagnostic indicators or biomarkers of reasoning ability or neurodevelopmental disorders.

"The impetus for this study was having seen that sulcal depth correlated with reasoning across children and adolescents," said Silvia Bunge, professor of psychology and a member of UC Berkeley's Helen Wills Neuroscience Institute (HWNI). "Given our previous findings, our former postdoctoral fellow Suvi Hakkinen aimed to test if sulcal depth was correlated with reasoning performance and to test if patterns of coordinated activity within a lateral prefrontal-parietal network could explain this relation between sulcal depth and reasoning."

"We had explicit predictions about which tertiary sulci in the lateral prefrontal cortex would be functionally connected to tertiary sulci in the lateral parietal cortex, and that panned out," added Kevin Weiner, UC Berkeley associate professor of psychology and of neuroscience and a member of HWNI. "Prefrontal and parietal cortices aside, the hypothesis is that the formation of sulci leads to shortened distances between connected brain regions, which could lead to increased neural efficiency, and then, in turn, individual differences in improved cognition with translational applications."

"The cortex is sort of haphazardly crunched up into the brain -- that's what I was always taught," Bunge said. "Kevin came along and changed my mind about sulci."




The hills and valleys of the brain

The brains of most animals, mammals included, have smooth surfaces. Primates have hills and valleys covering their cerebral cortex. While one group of primates, the New World monkeys called marmosets, have shallow, barely perceptible sulci, those of humans are deeply incised, with between 60% and 70% of the cortex buried in these folds.

The cortical folding patterns in humans also change with age, establishing their final structure late in prenatal development while becoming less prominent in old age.

"While sulci can change over development, getting deeper or shallower and developing thinner or thicker gray matter -- probably in ways that depend on experience -- our particular configuration of sulci is a stable individual difference: their size, shape, location and even, for a few sulci, whether they're present or absent," said Bunge, who studies abstract reasoning in young people, from 6 years of age through young adulthood.

The smallest grooves, many of which are uniquely human, are called tertiary sulci because they appear last in prenatal development and are never as deep as the major or primary sulci that are most evident on the cerebral surface.

Scientists have speculated that the tertiary sulci emerge in parts of the human brain that have expanded the most throughout evolution and have a protracted development, and that they are likely associated with aspects of cognition -- reasoning, decision-making, planning and self-control -- that develop over a protracted adolescence.




But prior to this study, evidence was lacking for a connection between tertiary sulci and brain connectivity. The UC Berkeley study is one of few, all within the past few years, to provide such proof.

Sulci linked to cognition

Weiner and Bunge said that, as undergraduates, they were never taught how to define tertiary sulci; they often examined scans of average brains that did not match any specific individual.

Weiner noticed this mismatch as an undergraduate.

"At the time, all I knew was that I had some cortical squiggles that weren't in the average brain atlases that we had in the lab. So the question I asked my mentors, Sabine Kastner and Charlie Gross, was: Do I have different structures that aren't in our atlases or are structures missing from these atlases?" he said. "That sent me down a 15-year rabbit hole studying one particular tertiary sulcus in the visual cortex."

That work showed that a specific sulcus, the mid-fusiform sulcus, varied in length from as small as 3 millimeters to as long as 7 centimeters in any given person. Moreover, the longer the sulcus, the better a person was at processing and recognizing human faces.

"About 2% of individuals have developmental prosopagnosia, which means they can't perceive faces, and they don't have any brain damage," he said. "That sulcus, especially in the right hemisphere, is shorter and shallower in those folks than in what we refer to as neurotypical controls."

Building on that rabbit hole, Bunge and Weiner wondered whether tertiary sulci in other regions of the brain, outside the visual processing units, also correlated with cognitive ability. Upon moving to UC Berkeley in 2018, Weiner began investigating the prefrontal cortex -- located in the front of the brain behind the forehead -- in collaboration with Bunge, who wanted to test whether sulci in this area would be linked to reasoning.

In a 2021 paper, the two collaborated to define all the smaller sulci in the lateral prefrontal cortex and created a computer model that identified the tertiary sulci as contributing the most variation in reasoning ability.

"The model identified that there's tertiary sulci in the lateral prefrontal cortex that are contributing to reasoning skills in kids," Weiner said.

Expanding on that work in the new study, Weiner, Bunge and their colleagues painstakingly catalogued the tertiary sulci in the lateral parietal cortex, located under and just behind the crown of the skull, and investigated its functional connections with the sulci of the lateral prefrontal cortex. For both studies, they studied 43 participants, 20 of them female, who ranged in age from 7 to 18. While in a functional magnetic resonance imaging (fMRI) scanner, the participants were given a reasoning task. The researchers focused on the brain activity in 21 sulci they had identified in each hemisphere of the brain, and the functional connections between these sulci -- including, for the first time, tertiary sulci.

Across these individuals, greater depth for several of the sulci implicated in reasoning was associated with higher network centrality across the set of prefrontal and parietal sulci.

Experience affects sulci

Bunge pointed out that the association between depths of sulci and reasoning does not hold for all sulci, and that sulcal depth may change with experience.

"Do we think that an individual's capacity for reasoning is set in stone based on their cortical folding? No!," she said. "Cognitive function depends on variability in a variety of anatomical and functional features and, importantly, we know that experience, like quality of schooling, plays a powerful role in shaping an individual's cognitive trajectory, and that it is malleable, even in adulthood."

Weiner's lab is creating a computer program to help researchers identify tertiary sulci in the human brain. Most programs only identify about 35 sulci, but when tertiary sulci are included, there are over 100, he said, including new ones that their labs have uncovered together. They argue that sulci could serve as landmarks to compare brains between individuals, since brains vary so much.

"Dozens of brain maps have been proposed in just the last five years, but they disagree about the areas of associated regions in the cortex, and there are mismatches between areas at the group and individual level," Weiner said. "Examining network architecture based on individual sulcal morphology circumvents these disagreements and mismatches, with the opportunity to glean network-level insight from the local sulcal anatomy that is specific to a given individual."

Aside from Bunge and Weiner, other UC Berkeley co-authors of the paper are former postdoctoral fellow Suvi Hakkinen, former graduate student Willa Voorhies, former undergraduates Ethan Willbrand and Jewelia Yao, and former visiting scholars Yi-Heng Tsai and Thomas Gagnant.

The work was supported by the National Institutes of Health through grants from the Eunice Kennedy Shriver National Institute of Child Health and Human Development (R21HD100858) and the National Institute of Mental Health (R01MH133637), and the National Science Foundation (CAREER Award 2042251).
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A one-pixel camera for recording holographic movies | ScienceDaily
A new camera setup can record three-dimensional movies with a single pixel. Moreover, the technique can obtain images outside the visible spectrum and even through tissues. The Kobe University development thus opens the door to holographic video microscopy.


						
Holograms are not only used as fun-to-look-at safety stickers on credit cards, electronic products or banknotes; they have scientific applications in sensors and in microscopy as well. Traditionally, holograms require a laser for recording, but more recently, techniques that can record holograms with ambient light or light emanating from a sample have been developed. There are two main techniques that can achieve this: one is called "FINCH" and uses a 2D image sensor that is fast enough to record movies, but is limited to visible light and an unobstructed view, while the other is called "OSH," which uses a one-pixel sensor and can record through scattering media and with light outside the visual spectrum, but can only practically record images of motionless objects.

Kobe University applied optics researcher YONEDA Naru wanted to create a holographic recording technique that combines the best of both worlds. To tackle the speed-limiting weak point of OSH, he and his team constructed a setup that uses a high-speed "digital micromirror device" to project onto the object the patterns that are required for recording the hologram. "This device operates at 22 kHz, whereas previously used devices have a refresh rate of 60 Hz. This is a speed difference that's equivalent to the difference between an old person taking a relaxed stroll and a Japanese bullet train," Yoneda explains.

In the journal Optics Express, the Kobe University team now publish the results of their proof-of-concept experiments. They show that their setup can not only record 3D images of moving objects, but they could also construct a microscope that can record a holographic movie through a light-scattering object -- a mouse skull to be precise.

Admittedly, the frame rate of just over one frame per second was still fairly low. But Yoneda and his team showed in calculations that they could in theory get that frame rate up to 30 Hz, which is a standard screen frame rate. This would be achieved through a compression technique called "sparse sampling," which works by not recording every portion of the picture all the time.

So, where will we be able to see such a hologram? Yoneda says: "We expect this to be applied to minimally invasive, three-dimensional biological observation, because it can visualize objects moving behind a scattering medium. But there are still obstacles to overcome. We need to increase the number of sampling points, and also the image quality. For that, we are now trying to optimize the patterns we project onto the samples and to use deep-learning algorithms for transforming the raw data into an image."

This research was funded by the Kawanishi Memorial ShinMaywa Education Foundation, the Japan Society for the Promotion of Science (grants 20H05886, 23K13680), the Agencia Estatal de Investigacion (grant PID2022-142907OB-I00) and the European Regional Development Fund, and the Generalitat Valenciana (grant CIPROM/2023/44). It was conducted in collaboration with researchers from Universitat Jaume I.
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Unveiling the secrets of planet formation in environments of high UV radiation | ScienceDaily
The fundamental building blocks for planet formation can exist even in environments with extreme ultraviolet radiation, according to a new study by an international collaboration led by Penn State astronomers. The study leveraged the unparalleled capabilities of NASA's James Webb Space Telescope (JWST) and sophisticated thermochemical modeling to investigate a protoplanetary disk -- the dust and gas surrounding a new star that can eventually give rise to planets and other celestial bodies -- in one of the most extreme environments in the galaxy.


						
A paper describing the study appeared May 20 in The Astrophysical Journal.

"Astronomers have long sought to understand how planets form within the swirling disks of gas and dust that encircle young stars," said Bayron Portilla-Revelo, a postdoctoral researcher in astronomy and astrophysics in the Eberly College of Science at Penn State and lead author of the study. "These structures -- referred to as protoplanetary disks -- are the birthplaces of extrasolar systems, like our own solar system, which formed 4.5 billion years ago. Protoplanetary disks often form in proximity to massive stars that emit substantial amounts of ultraviolet (UV) radiation, potentially disrupting the disks and affecting their capability to form planets. While significant progress has been made by studying protoplanetary disks in nearby star-forming regions, these regions lack the intense UV radiation present in more massive and common stellar nurseries."

UV radiation refers to non-visible light with more energy than visible light. On Earth, this can damage cells, ranging from a mild sunburn to skin cancer. In space, without a planet's atmospheric filters, UV radiation is far more intense. The focus of the study was a young, solar-mass star known as XUE 1, located approximately 5,500 light-years away from our sun, within a region called the Lobster Nebula, also known as NGC 6357. This region is renowned for harboring over 20 massive stars, two of which are among the most massive known in our galaxy and are extreme UV emitters. In the same region, the team observed a dozen lower-mass young stars with protoplanetary disks subjected to intense ultraviolet radiation.

Combining JWST observations with sophisticated astrochemical models, the researchers identified the composition of tiny dust grains in the protoplanetary disk around XUE 1 that will eventually grow to form rocky planets. They found that the disk contains sufficient solid material to potentially form at least 10 planets, each with a mass comparable to that of Mercury. The authors also determined the spatial distribution in the disk of a variety of previously detected molecules, including water vapor, carbon monoxide, carbon dioxide, hydrogen cyanide and acetylene.

"These molecules are expected to contribute to the formation of the atmospheres of emerging planets," said Konstantin Getman, research professor in the Department of Astronomy and Astrophysics at Penn State and co-author of the study. "The detection of such reservoirs of dust and gas suggests that the fundamental building blocks for planet formation can exist even in environments with extreme ultraviolet radiation."

Moreover, based on the absence of certain molecules that serve as tracers of UV irradiation in the light detected by JWST, the team inferred that the protoplanetary disk is compact and devoid of gas in its outskirts. It extends only about 10 astronomical units -- a measure based on the average distance between the Earth and sun -- from the host star, roughly the distance from the sun to Saturn. This compactness is likely a result of the external UV radiation eroding the outer regions of the disk, according to the research team.




"These findings support the idea that planets form around stars even when the natal disk is exposed to strong external radiation," said Eric Feigelson, distinguished senior scholar and professor of astronomy and astrophysics and of statistics at Penn State. "This helps explain why astronomers are finding that planetary systems are very common around other stars."

The study of XUE 1 represents a pivotal step in understanding the impact of external radiation on protoplanetary disks, the researchers said. It lays the groundwork for future observational campaigns with both space- and ground-based telescopes aimed at building a more comprehensive picture of planet formation across different cosmic environments. This research underscores the transformative capabilities of NASA's James Webb satellite observatory in probing the intricacies of planet formation and highlights the resilience of protoplanetary disks in the face of formidable environmental challenges, according to Portilla-Revelo.

In addition to Portilla-Revelo, Getman and Feigelson, the research team includes Maria Claudia Ramirez-Tannus and Thomas Henning at the Max-Planck Institut fur Astronomie in Heidelberg, Germany; Thomas J. Haworth at Queen Mary University of London; Rens Waters at Radboud University and SRON Netherlands Institute for Space Research in the Netherlands; Arjan Bik and Jenny Frediani at Stockholm University in Sweden; Inga Kamp at University of Groningen in the Netherlands; Sierk E. van Terwisga at the Austrian Academy of Sciences; Andrew J. Winter at the Universite Cote d'Azur in Nice, France, and the Max-Planck Institut fur Astronomie in Heidelberg, Germany; Veronica Roccatagliata at the Universitadi Bologna and INAF-Osservatorio Astrofisico di Arcetri in Italy; Thomas Preibisch at Ludwig-Maximilians-Universitat in Germany; Elena Sabbi at the Gemini Observatory in Tucson, Arizona; Peter Zeidler at the Space Telescope Science Institute in Baltimore, Maryland; and Michael A. Kuhn at the University of Hertfordshire in the United Kingdom.

NASA funded the research, with additional support from the Center for Exoplanets and Habitable Worlds at Penn State, the Deutsche Forschungsgemeinschaft, the international Gemini Observatory -- a program of NSF NOIRLab, which is managed by the Association of Universities for Research in Astronomy under a cooperative agreement with the U.S. National Science Foundation, the Royal Society Dorothy Hodgkin Fellowship and UKRI guaranteed funding for a Horizon Europe ERC consolidator grant, the Swedish National Space Agency, the German Aerospace Center, the German Federal Ministry for Economic Affairs and Energy, the European Union's Horizon 2020 research and innovation program, and the European Research Council via the ERC Synergy Grant "ECOGAL."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250521124453.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



'Cosmic joust': Astronomers observe pair of galaxies in deep-space battle | ScienceDaily
Astronomers have witnessed for the first time a violent cosmic collision in which one galaxy pierces another with intense radiation. Their results, published today in Nature, show that this radiation dampens the wounded galaxy's ability to form new stars. This new study combined observations from both the European Southern Observatory's Very Large Telescope (ESO's VLT) and the Atacama Large Millimeter/submillimeter Array (ALMA), revealing all the gory details of this galactic battle.


						
In the distant depths of the Universe, two galaxies are locked in a thrilling war. Over and over, they charge towards each other at speeds of 500 km/s on a violent collision course, only to land a glancing blow before retreating and winding up for another round. "We hence call this system the 'cosmic joust'," says study co-lead Pasquier Noterdaeme, a researcher at the Institut d'Astrophysique de Paris, France, and the French-Chilean Laboratory for Astronomy in Chile, drawing a comparison to the medieval sport. But these galactic knights aren't exactly chivalrous, and one has a very unfair advantage: it uses a quasar to pierce its opponent with a spear of radiation.

Quasars are the bright cores of some distant galaxies that are powered by supermassive black holes, releasing huge amounts of radiation. Both quasars and galaxy mergers used to be far more common, appearing more frequently in the Universe's first few billion years, so to observe them astronomers peer into the distant past with powerful telescopes. The light from this 'cosmic joust' has taken over 11 billion years to reach us, so we see it as it was when the Universe was only 18% of its current age.

"Here we see for the first time the effect of a quasar's radiation directly on the internal structure of the gas in an otherwise regular galaxy," explains study co-lead Sergei Balashev, who is a researcher at the Ioffe Institute in St Petersburg, Russia. The new observations indicate that radiation released by the quasar disrupts the clouds of gas and dust in the regular galaxy, leaving only the smallest, densest regions behind. These regions are likely too small to be capable of star formation, leaving the wounded galaxy with fewer stellar nurseries in a dramatic transformation.

But this galactic victim isn't all that is being transformed. Balashev explains: "These mergers are thought to bring huge amounts of gas to supermassive black holes residing in galaxy centres." In the cosmic joust, new reserves of fuel are brought within reach of the black hole powering the quasar. As the black hole feeds, the quasar can continue its damaging attack.

This study was conducted using ALMA and the X-shooter instrument on ESO's VLT, both located in Chile's Atacama Desert. ALMA's high resolution helped the astronomers clearly distinguish the two merging galaxies, which are so close together they looked like a single object in previous observations. With X-shooter, researchers analysed the quasar's light as it passed through the regular galaxy. This allowed the team to study how this galaxy suffered from the quasar's radiation in this cosmic fight.

Observations with larger, more powerful telescopes could reveal more about collisions like this. As Noterdaeme says, a telescope like ESO's Extremely Large Telescope "will certainly allow us to push forward a deeper study of this, and other systems, to better understand the evolution of quasars and their effect on host and nearby galaxies."
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A new technology for extending the shelf life of produce | ScienceDaily
We've all felt the sting of guilt when fruit and vegetables go bad before we could eat them. Now, researchers from MIT and the Singapore-MIT Alliance for Research and Technology (SMART) have shown they can extend the shelf life of harvested plants by injecting them with melatonin using biodegradable microneedles.


						
That's a big deal because the problem of food waste goes way beyond our salads. More than 30 percent of the world's food is lost after it's harvested -- enough to feed more than 1 billion people. Refrigeration is the most common way to preserve foods, but it requires energy and infrastructure that many regions of the world can't afford or lack access to.

The researchers believe their system could offer an alternative or complement to refrigeration. Central to their approach are patches of silk microneedles. The microneedles can get through the tough, waxy skin of plants without causing a stress response, and deliver precise amounts of melatonin into plants' inner tissues.

"This is the first time that we've been able to apply these microneedles to extend the shelf life of a fresh-cut crop," says Benedetto Marelli, the study's senior author, associate professor of civil and environmental engineering at MIT, and the director of the Wild Cards mission of the MIT Climate Project. "We thought we could use this technology to deliver something that could regulate or control the plant's post-harvest physiology. Eventually, we looked at hormones, and melatonin is already used by plants to regulate such functions. The food we waste could feed about 1.6 billion people. Even in the U.S., this approach could one day expand access to healthy foods."

For the study, which will appear in Nano Letters, Marelli and researchers from SMART applied small patches of the microneedles containing melatonin to the base of the leafy vegetable pak choy. After application, the researchers found the melatonin was able to extend the vegetables' shelf life by four days at room temperature and 10 days when refrigerated, which could allow more crops to reach consumers before they're wasted.

"Post-harvest waste is a huge issue. This problem is extremely important in emerging markets around Africa and Southeast Asia, where many crops are produced but can't be maintained in the journey from farms to markets," says Sarojam Rajani, co-senior author of the study and a senior principal investigator at the Temasek Life Sciences Laboratory in Singapore.

Plant destressors

For years, Marelli's lab has been exploring the use of silk microneedles for things like delivering nutrients to crops and monitoring plant health. Microneedles made from silk fibroin protein are nontoxic and biodegradable, and Marelli's previous work has described ways of manufacturing them at scale.




To test microneedle's ability to extend the shelf life of food, the researchers wanted to study their ability to deliver a hormone known to affect the senescence process. Aside from helping humans sleep, melatonin is also a natural hormone in many plants that helps them regulate growth and aging.

"The dose of melatonin we're delivering is so low that it's fully metabolized by the crops, so it would not significantly increase the amount of melatonin normally present in the food; we would not ingest more melatonin than usual," Marelli says. "We chose pak choy because it's a very important crop in Asia, and also because pak choy is very perishable."

Pak choy is typically harvested by cutting the leafy plant from the root system, exposing the shoot base that provides easy access to vascular bundles which distribute water and nutrients to the rest of the plant. To begin their study, the researchers first used their microneedles to inject a fluorescent dye into the base to confirm that vasculature could spread the dye throughout the plant.

The researchers then compared the shelf life of regular pak choy plants and plants that had been sprayed with or dipped into melatonin, finding no difference.

With their baseline shelf life established, the researchers applied small patches of the melatonin-filled microneedles to the bottom of pak choy plants by hand. They then stored the treated plants, along with controls, in plastic boxes both at room temperature and under refrigeration.

The team evaluated the plants by monitoring their weight, visual appearance, and concentration of chlorophyll, a green pigment that decreases as plants age.




At room temperature, the leaves of the untreated control group began yellowing within two or three days. By the fourth day, the yellowing accelerated to the point that the plants likely could not be sold. Plants treated with the melatonin-loaded silk microneedles, in contrast, remained green on day five, and the yellowing process was significantly delayed. The weight loss and chlorophyll reduction of treated plants also slowed significantly at room temperature. Overall, the researchers estimated the microneedle-treated plants retained their saleable value until the eighth day.

"We clearly saw we could enhance the shelf life of pak choy without the cold chain," Marelli says.

In refrigerated conditions of about 40 degrees Fahrenheit, plant yellowing was delayed by about five days on average, with treated plants remaining relatively green until day 25.

"Spectrophotometric analysis of the plants indicated the treated plants had higher antioxidant activity, while gene analysis showed the melatonin set off a protective chain reaction inside the plants, preserving chlorophyll and adjusting hormones to slow senescence," says Monika Jangir, co-first author and former postdoc at the Temasek Life Sciences Laboratory.

"We studied melatonin's effects and saw it improves the stress response of the plant after it's been cut, so it's basically decreasing the stress that plant's experience, and that extends its shelf life," says Yangyang Han, co-first author and research scientist at the Disruptive and Sustainable Technologies for Agricultural Precision (DiSTAP) interdisciplinary research group at SMART.

Toward postharvest preservation

While the microneedles could make it possible to minimize waste when compared to other application methods like spraying or dipping crops, the researchers say more work is needed to deploy microneedles at scale. For instance, although the researchers applied the microneedle patches by hand in this experiment, the patches could be applied using tractors, autonomous drones, and other farming equipment in the future.

"For this to be widely adopted, we'd need to reach a performance versus cost threshold to justify its use," Marelli explains. "This method would need to become cheap enough to be used by farmers regularly."

Moving forward, the research team plans to study the effects of a variety of hormones on different crops using its microneedle delivery technology. The team believes the technique should work with all kinds of produce.

"We're going to continue to analyze how we can increase the impact this can have on the value and quality of crops," Marelli says. "For example, could this let us modulate the nutritional values of the crop, how it's shaped, its texture, etc.? We're also going to continue looking into scaling up the technology so this can be used in the field."

The work was supported by the Singapore-MIT Alliance for Research and Technology (SMART) and the National Research Foundation of Singapore.
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Extreme weather cycles change underwater light at Lake Tahoe | ScienceDaily
Lake Tahoe is experiencing large-scale shifts in ultraviolet radiation (UV) as climate change intensifies wet and dry extremes in the region. That is according to a study led by the University of California, Davis' Tahoe Environmental Research Center and co-leading collaborator Miami University in Ohio.


						
For the study, published in ASLO, the journal of the Association for the Sciences of Limnology and Oceanography, scientists analyzed an 18-year record of underwater irradiance at Lake Tahoe, which is renowned for its clear blue waters. They found up to a 100-fold difference in UV radiation between a wet and dry year.

These large fluctuations were associated with wet and dry extremes in the local climate, which caused variations in particulate matter and colored dissolved organic matter in the lake.

UV radiation penetrates most deeply in clear water bodies, such as alpine or polar lakes, so the research carries implications for those water bodies. In less transparent lakes, UV radiation may reach only a few inches into the water. In clear systems like Lake Tahoe, it can reach dozens of feet down.

"In a wet year, UV radiation penetrates shallower," said lead author Shohei Watanabe, an associate project scientist with UC Davis Tahoe Environmental Research Center. "In a drought year, more UV radiation is slicing through the water. It's a bit like reducing the lake's 'sunscreen,' making it susceptible to severe sunburn."

The role of UV radiation 

UV radiationhas wide-ranging effects on aquatic ecosystems. It affects the carbon cycle and behavior of fish and zooplankton. It can suppress photosynthesis, which forms the basis of the lake ecosystem. Understanding how it is changing can help natural resource managers and others anticipate changes while building lake resilience.




In revealing the close tie between UV radiation changes and wet-dry cycles, the study also suggests that monitoring underwater radiation can help serve as a sentinel for climate-driven disturbances in lakes.

Long-term monitoring

Long-term observation of underwater UV radiation in lakes is rare. UC Davis researchers have been continuously monitoring Lake Tahoe since 1968. Specialized equipment to measure underwater UV radiation was introduced as a part of a collaborative research project with Miami University in Ohio in 2006. Since then, UV monitoring has been integrated into the long-term monitoring program. This study analyzed 18 years of that data through 2023.

"To understand what's really happening in nature, the long-term data set is quite important," Watanabe said. "One or two years of data couldn't reveal this kind of huge fluctuation related to climatic perturbations."

The study's coauthors include Erin Overholt and Craig Williamson of Miami University in Ohio, Geoffrey Schladow of UC Davis, and Warwick Vincent of Laval University in Canada. It received funding from the National Science Foundation and philanthropic gifts to UC Davis TERC.
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Cool science: Researchers craft tiny biological tools using frozen ethanol | ScienceDaily
Imagine drawing on something as delicate as a living cell -- without damaging it. Researchers at the University of Missouri have made this groundbreaking discovery using an unexpected combination of tools: frozen ethanol, electron beams and purple-tinted microbes.


						
By advancing a method called ice lithography, the team was able to etch incredibly small, detailed patterns directly onto fragile biological surfaces.

While traditional lithography is commonly used to make tiny circuits and other electronic parts for phones and computers, it relies on a liquid process that can easily harm delicate materials, including carbon nanotubes and biological membranes.

That's where Mizzou's ice-based approach stands out. By using a layer of frozen ethanol instead of liquid, they've created a gentler, more precise way to work with materials once considered too fragile to handle.

"Instead of using a traditional lithography process, which can be too harsh on delicate biological materials, our technique applies a thin layer of ice to protect the material's surface while the pattern is made," Gavin King, a professor of physics and study co-author, said. "That frozen layer helps keep everything stable during the process and makes it possible for us to work with delicate biological materials that would normally be damaged substantially."

Mizzou has one of only three labs in the world -- and the only one in North America -- using this ice lithography method. What sets the work apart is the use of ethanol ice, which protects delicate biological materials where regular water ice would cause damage.

To test their new ethanol-ice-based method, researchers used Halobacterium salinarum, a tiny microorganism that makes a purple protein capable of capturing sunlight and turning it into energy -- akin to nature's version of a solar panel. Well known in biology since the 1970s, this microbe's ability to efficiently convert light into energy makes it a promising candidate for developing new kinds of power sources.




While Mizzou's discovery is proof of concept, the team is excited about its future potential, including the possibility of using these delicate purple membranes to create solar panels.

How it works

Here's how the ice lithography method works.

First, researchers place the biological membrane on a cold surface inside a scanning electron microscope. The temperature is lowered to extremely cold levels, below -150degC. Then, when they add ethanol vapor, it instantly freezes into ethanol ice and forms a thin, smooth layer over the membrane.

Next, a focused beam of electrons draws tiny patterns in the frozen layer. Once completed, the surface is gently warmed. The parts of the ice that weren't hit by the beam are sublimed away, while the pattern -- now a solid material -- is left behind.

"The patterns we're making are smaller than 100 nanometers wide, and more than 1,000 times thinner than a strand of human hair," Dylan Chiaro, graduate student and lead author of the study, said. "It's a major step toward working with some of biology's most delicate components."

A collaborative effort




This finding from researchers at Mizzou's College of Arts and Science brings together the fields of biology, chemistry, physics and space science, and could transform how scientists work with the tiniest building blocks of life -- molecules, proteins and atoms.

Suchi Guha, a professor of physics and study co-author, helped identify the structure of the resulting material. Using a high-sensitivity tool that examines how light interacts with molecules, called surface-enhanced Raman scattering, her lab discovered that the solid material behaves similarly to carbon fiber.

After the process was completed, the purple membrane was nearly unchanged -- only losing less than one nanometer in thickness. This proves that researchers can use this process to create patterns directly on fragile biological materials without damaging them -- a challenge that has perplexed scientists.

Bernadette Broderick, an assistant professor of chemistry and study co-author, helped discover the presence of ketene, a short-lived chemical that forms during the electron beam process. King believes this discovery by Broderick's lab, which specializes in astrochemistry, can help explain how the ethanol ice transforms into a stable, solid material -- a critical step in understanding the chemistry and physics behind the method.

"Each lab contributed a different piece of the puzzle," King said. "This kind of interdisciplinary teamwork is what really made the discovery possible."
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World's first petahertz-speed phototransistor in ambient conditions | ScienceDaily
What if ultrafast pulses of light could operate computers at speeds a million times faster than today's best processors? A team of scientists, including researchers from the University of Arizona, are working to make that possible.


						
In a groundbreaking international effort, researchers from the Department of Physics in the College of Science and the James C. Wyant College of Optical Sciences demonstrated a way to manipulate electrons in graphene using pulses of light that last less than a trillionth of a second. By leveraging a quantum effect known as tunneling, they recorded electrons bypassing a physical barrier almost instantaneously, a feat that redefines the potential limits of computer processing power.

A study published in Nature Communications highlights how the technique could lead to processing speeds in the petahertz range -- over 1,000 times faster than modern computer chips.

Sending data at those speeds would revolutionize computing as we know it, said Mohammed Hassan, an associate professor of physics and optical sciences. Hassan has long pursued light-based computer technology and previously led efforts to develop the world's fastest electron microscope.

"We have experienced a huge leap forward in the development of technologies like artificial intelligence software, but the speed of hardware development does not move as quickly," Hassan said. "But, by leaning on the discovery of quantum computers, we can develop hardware that matches the current revolution in information technology software. Ultrafast computers will greatly assist discoveries in space research, chemistry, health care and more."

Hassan worked alongside U of A colleagues Nikolay Golubev, an assistant professor of physics; Mohamed Sennary, a graduate student studying optics and physics; Jalil Shah, a postdoctoral scholar of physics; and Mingrui Yuan, an optics graduate student. They were joined by colleagues from the California Institute of Technology's Jet Propulsion Laboratory and the Ludwig Maximilian University of Munich in Germany.

The team was originally studying the electrical conductivity of modified samples of graphene, a material composed of a single layer of carbon atoms. When a laser shines on graphene, the energy of the laser excites electrons in the material, making them move and form into a current.




Sometimes, those electric currents cancel each other out. Hassan said this happens because the laser's energy wave moves up and down, generating equal and opposite currents on either side of the graphene. Because of graphene's symmetrical atomic structure, these currents mirror each other and cancel each other out, leaving no detectable current.

But what if a single electron could slip through the graphene, and its journey could be captured and tracked in real time? That near-instant "tunnelling" was the unexpected result of the team modifying different graphene samples.

"That is what I love most about science: The real discovery comes from the things you don't expect to happen," Hassan said. "Going into the lab, you always anticipate what will happen -- but the real beauty of science are the little things that happen, which lead you to investigate more. Once we realized that we had achieved this tunneling effect, we had to find out more."

Using a commercially available graphene phototransistor that was modified to introduce a special silicon layer, the researchers used a laser that switches off and on at a rate of 638 attoseconds to create what Hassan called "the world's fastest petahertz quantum transistor."

A transistor is a device that acts as an electronic switch or amplifier that controls the flow of electricity between two points and is fundamental to the development of modern electronics.

"For reference, a single attosecond is one-quintillionth of a second," Hassan said. "That means that this achievement represents a big leap forward in the development of ultrafast computer technologies by realizing a petahertz-speed transistor."

While some scientific advancements occur under strict conditions, including temperature and pressure, this new transistor performed in ambient conditions -- opening the way to commercialization and use in everyday electronics.

Hassan is working with Tech Launch Arizona, the office that works with investigators to commercialize inventions stemming from U of A research in order to patent and market innovations. While the original invention used a specialized laser, the researchers are furthering development of a transistor compatible with commercially available equipment.

"I hope we can collaborate with industry partners to realize this petahertz-speed transistor on a microchip," Hassan said. "The University of Arizona is already known for the world's fastest electron microscope, and we would like to also be known for the first petahertz-speed transistor."
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A head and a hundred tails: How a branching worm manages reproductive complexity | ScienceDaily
Scientists have uncovered the genetic underpinnings of one of the ocean's most bizzare animals: a branching marine worm named Ramisyllis kingghidorahi that lives inside sea sponges and reproduces in a truly extraordinary way. Living hidden in tropical waters, this worm grows multiple body branches within a host sponge, each tail capable of producing separate living reproductive units called "stolons." But how does a single animal coordinate sexual reproduction across so many branches? To find out, researchers led by the University of Gottingen analysed gene expression across different body regions and between male, female and juvenile specimens. This provides the first complete "genetic activity map" -- or transcriptome -- of any branching worm, revealing how this creature manages to control reproduction across its branching body. Their findings were published in BMC Genomics.


						
The researchers found clear patterns in their analyses: differences in gene activity were more pronounced between different body regions in the same worm than between the sexes. The stolons -- short-lived reproductive units that break off from the branches and swim away to mate -- had the most distinctive genetic signatures when comparing males and females, probably reflecting their specialised role in gamete production and metamorphosis. "We were surprised to find that the head of the worm, which was previously thought to house a sex-specific control system, didn't show the dramatic differences we expected between males and females," said Dr Guillermo Ponz-Segrelles, former researcher at the Autonomous University of Madrid. "Instead, the stolons emerged as the true hotspots of gene activity during sexual development."

An overlooked but key feature of the reproductive stolons is that they sprout eyes before detaching from the main worm body in search of a mate. This study revealed upregulation of genes related to eye development, providing the first clues about how the tip of a branch of the worm body metamorphoses into an independent stolon. Interestingly, the data also hint at the possibility of partial genome duplication in Ramisyllis, which may help explain the complexity of its biology and reproductive system. Despite some challenges in identifying conserved signalling pathways, the results point to a unique genetic toolkit in Ramisyllis and highlight how little we still know about reproduction in marine invertebrates.

"This worm and its surreal, tree-like body made headlines around the world in 2021 and 2022, yet it continues to amaze us," said Thilo Schulze, PhD researcher at Gottingen University." It challenges our understanding of how animal bodies can be organized, and how such strange forms of reproduction are orchestrated at the molecular level." With many aspects of branching worms' reproductive biology still a mystery, the team hopes this new genetic resource will open the door to deeper investigations into how life evolves in unexpected directions -- even in the hidden corners of our oceans.
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Robots learning without us? New study cuts humans from early testing | ScienceDaily
Humans no longer have exclusive control over training social robots to interact effectively, thanks to a new study from the University of Surrey and the University of Hamburg.


						
The study, which will be presented at this year's IEEE International Conference on Robotics and Automation (ICRA), introduces a new simulation method that lets researchers test their social robots without needing human participants, making research faster and scalable.

Using a humanoid robot, the research team developed a dynamic scanpath prediction model to help the robot predict where a person would look in a social setting. The model was tested using two publicly available datasets, and the researchers demonstrated that humanoid robots were capable of mimicking human-like eye movements.

Dr Di Fu, co-lead of the study and lecturer in Cognitive Neuroscience at the University of Surrey:

"Our method allows us to test whether a robot is paying attention to the right things -- just as a human would -- without needing real-time human supervision. What's exciting is that the model remains accurate even in noisy, unpredictable environments, making it a promising tool for real-world applications like education, healthcare, and customer service."

Social robots are designed to interact with people using speech, gestures, and expressions, making them useful in education, healthcare, and customer service. Examples of social robots also include Pepper, a retail assistant, and Paro, a therapeutic robot for dementia patients.

The research team matched how their model worked in the real world to that of a simulated one, projecting human gaze priority maps onto a screen to compare the robot's predicted attention focus with real-world data. This allowed for direct evaluation of social attention models in realistic conditions, reducing the need for large-scale human-robot interaction studies in the early phases of research.

Dr Fu comments:

"Using robotic simulations instead of early-stage human trials is a major step forward for social robotics. It means we can test and refine social interaction models at scale, making robots better at understanding and responding to people. Next, we want to apply this approach to areas like social awareness in robot embodiment and explore how it can work in more complex social settings and different types of robots."
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Empowering robots with human-like perception to navigate unwieldy terrain | ScienceDaily
The wealth of information provided by our senses that allows our brain to navigate the world around us is remarkable. Touch, smell, hearing, and a strong sense of balance are crucial to making it through what to us seem like easy environments such as a relaxing hike on a weekend morning.


						
An innate understanding of the canopy overhead helps us figure out where the path leads. The sharp snap of branches or the soft cushion of moss informs us about the stability of our footing. The thunder of a tree falling or branches dancing in strong winds lets us know of potential dangers nearby.

Robots, in contrast, have long relied solely on visual information such as cameras or lidar to move through the world. Outside of Hollywood, multisensory navigation has long remained challenging for machines. The forest, with its beautiful chaos of dense undergrowth, fallen logs and ever-changing terrain, is a maze of uncertainty for traditional robots.

Now, researchers from Duke University have developed a novel framework named WildFusion that fuses vision, vibration and touch to enable robots to "sense" complex outdoor environments much like humans do. The work was recently accepted to the IEEE International Conference on Robotics and Automation (ICRA 2025), which will be held May 19-23, 2025, in Atlanta, Georgia.

"WildFusion opens a new chapter in robotic navigation and 3D mapping," said Boyuan Chen, the Dickinson Family Assistant Professor of Mechanical Engineering and Materials Science, Electrical and Computer Engineering, and Computer Science at Duke University. "It helps robots to operate more confidently in unstructured, unpredictable environments like forests, disaster zones and off-road terrain."

"Typical robots rely heavily on vision or LiDAR alone, which often falter without clear paths or predictable landmarks," added Yanbaihui Liu, the lead student author and a second-year Ph.D. student in Chen's lab. "Even advanced 3D mapping methods struggle to reconstruct a continuous map when sensor data is sparse, noisy or incomplete, which is a frequent problem in unstructured outdoor environments. That's exactly the challenge WildFusion was designed to solve."

WildFusion, built on a quadruped robot, integrates multiple sensing modalities, including an RGB camera, LiDAR, inertial sensors, and, notably, contact microphones and tactile sensors. As in traditional approaches, the camera and the LiDAR capture the environment's geometry, color, distance and other visual details. What makes WildFusion special is its use of acoustic vibrations and touch.




As the robot walks, contact microphones record the unique vibrations generated by each step, capturing subtle differences, such as the crunch of dry leaves versus the soft squish of mud. Meanwhile, the tactile sensors measure how much force is applied to each foot, helping the robot sense stability or slipperiness in real time. These added senses are also complemented by the inertial sensor that collects acceleration data to assess how much the robot is wobbling, pitching or rolling as it traverses uneven ground.

Each type of sensory data is then processed through specialized encoders and fused into a single, rich representation. At the heart of WildFusion is a deep learning model based on the idea of implicit neural representations. Unlike traditional methods that treat the environment as a collection of discrete points, this approach models complex surfaces and features continuously, allowing the robot to make smarter, more intuitive decisions about where to step, even when its vision is blocked or ambiguous.

"Think of it like solving a puzzle where some pieces are missing, yet you're able to intuitively imagine the complete picture," explained Chen. "WildFusion's multimodal approach lets the robot 'fill in the blanks' when sensor data is sparse or noisy, much like what humans do."

WildFusion was tested at the Eno River State Park in North Carolina near Duke's campus, successfully helping a robot navigate dense forests, grasslands and gravel paths. "Watching the robot confidently navigate terrain was incredibly rewarding," Liu shared. "These real-world tests proved WildFusion's remarkable ability to accurately predict traversability, significantly improving the robot's decision-making on safe paths through challenging terrain."

Looking ahead, the team plans to expand the system by incorporating additional sensors, such as thermal or humidity detectors, to further enhance a robot's ability to understand and adapt to complex environments. With its flexible modular design, WildFusion provides vast potential applications beyond forest trails, including disaster response across unpredictable terrains, inspection of remote infrastructure and autonomous exploration.

"One of the key challenges for robotics today is developing systems that not only perform well in the lab but that reliably function in real-world settings," said Chen. "That means robots that can adapt, make decisions and keep moving even when the world gets messy."

This research was supported by DARPA (HR00112490419, HR00112490372) and the Army Research Laboratory (W911NF2320182, W911NF2220113).
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Not one, but two massive black holes are eating away at this galaxy | ScienceDaily
Astronomers have discovered nearly 100 examples of massive black holes shredding and devouring stars, almost all of them where you'd expect to find massive black holes: in the star-dense cores of massive galaxies.


						
University of California, Berkeley, astronomers have now discovered the first instance of a massive black hole tearing apart a star thousands of light years from the galaxy's core, which itself contains a massive black hole.

The off-center black hole, which has a mass about 1 million times that of the sun, was hiding in the outer regions of the galaxy's central bulge, but revealed itself through bursts of light generated by the spaghettification of the star -- a so-called tidal disruption event, or TDE. In a TDE, the immense gravity of a black hole tugs on a star -- similar to the way the moon raises ocean tides on Earth, but a lot more violently.

"The classic location where you expect massive black holes to be in a galaxy is in the center, like our Sag A* at the center of the Milky Way," said Yuhan Yao, a Miller Postdoctoral Fellow at UC Berkeley who is lead author of a paper about the discovery recently accepted for publication in The Astrophysical Journal Letters (ApJL). "That's where people normally search for tidal disruption events. But this one, it's not at the center. It's actually about 2,600 light years away. That's the first optically discovered off-nuclear TDE discovered."

The galaxy's central massive black hole, about 100 million times the mass of our sun, is also gorging itself, but on gas that has gotten too close to escape.

Studies of massive black holes at galactic centers tell astronomers about the evolution of galaxies like our own, which has one central black hole -- called SagA* because of its location within the constellation Sagittarius -- weighing in at a puny 4 million solar masses. Some of the largest galaxies have central black holes weighing several 100 billion solar masses, presumably the result of the merger of many smaller black holes.

Finding two massive black holes in the center of a galaxy is not surprising. Most large galaxies are thought to have massive black holes in their cores, and since galaxies often collide and merge as they move through space, large galaxies should occasionally harbor more than one supermassive black hole -- at least until they collide and merge into an even bigger black hole. They typically hide in stealth mode until they reveal their presence by grabbing nearby stars or gas clouds, creating a short-lived burst of light. These are rare events, however. Astronomers calculate that a massive black hole would encounter a star once every 30,000 years, on average.




The new TDE, dubbed AT2024tvd, was detected by the Zwicky Transient Facility, an optical camera mounted on a telescope at Palomar Observatory near San Diego, and confirmed by observations with radio, X-ray and other optical telescopes, including NASA's Hubble Space Telescope.

"Massive black holes are always at the centers of galaxies, but we know that galaxies merge -- that is how galaxies grow. And when you have two galaxies that come together and become one, you have multiple black holes," said co-author Ryan Chornock, a UC Berkeley associate adjunct professor of astronomy. "Now, what happens? We expect they eventually come together, but theorists have predicted that there should be a population of black holes that are roaming around inside galaxies."

The discovery of one such roaming black hole shows that systematic searches for the signature of a TDE could turn up more rogue black holes. The find also validates plans for a space mission called LISA -- the Laser Interferometer Space Antenna -- that will look for gravitational waves from mergers of massive black holes like these.

"This is the first time that we actually see massive black holes being so close using TDEs," said co-author Raffaella Margutti, a UC Berkeley associate professor of astronomy and of physics. "If these are a couple of supermassive black holes that are getting closer together -- which is not necessarily true -- but if they are, they might merge and emit gravitational waves that we'll see in the future with LISA."

LISA will complement ground-based gravitational wave detectors, such as LIGO and Virgo, which are sensitive to the merger of black holes or neutron stars weighing less than a few hundred times the mass of our sun, and telescopic studies of pulsar flashes, such as the Nanograv pulsar timing array experiment, which are sensitive to gravitational waves from the mergers of supermassive black holes weighing billions of solar masses. LISA's sweet spot is black holes of several million solar masses. LISA is slated to be launched in the next decade.

Transient outbursts

Because black holes are invisible, scientists can only find them by detecting the light produced when they shred stars or gas clouds and create a bright, hot, rotating disk of material that gradually falls inward. TDEs are powerful probes of black hole accretion physics, Chornock said, revealing how close material can get to the black hole before being captured and the conditions necessary for black holes to launch powerful jets and winds.




The most productive search for TDEs has used data from the Zwicky Transient Facility, originally built to detect supernova explosions, but also sensitive to other flashes in the sky.

The ZTF has discovered nearly 100 TDEs since 2018, all within the cores of galaxies. X-ray satellites have also detected a few TDEs, including two in the outskirts of a galaxy that also has a central black hole. In those galaxies, however, the black holes are too far apart to ever merge. The newly discovered black hole is close enough to the core's massive black hole to potentially fall toward it and merge, though not for billions of years.

Yao noted that two alternative scenarios could explain the presence of the wandering black hole in AT2024tvd. It could be from the core of a small galaxy that merged with the larger galaxy long ago and is either moving through the larger galaxy on its way out or has become bound to the galaxy in an orbit that may, eventually, bring it close enough to merge with the black hole at the core.

Erica Hammerstein, another UC Berkeley postdoctoral researcher, scrutinized the Hubble images as part of the study, but was unable to find evidence of a past galaxy merger.

AT2024tvd could also be a former member of a triplet of black holes that used to be at the galactic core. Because of the chaotic nature of three-body orbits, one would have been kicked out of the core to wander around the galaxy.

Searching galaxies for off-center black holes

Because the ZTF detects hundreds of flashes of light around the northern sky each year, TDE searches to date have focused on flashes discovered near the cores of galaxies, Yao said. She and Chornock created an algorithm to distinguish between the light produced by a supernova and a TDE, and employed it to search through the 10,000 or so detections by ZTF to date to find bursts of light in the galactic center that fit the characteristics of a TDE.

"Supernovae cool down after they peak, and their color becomes redder," Yao said. "TDEs remain hot for months or years and have consistently blue colors throughout their evolution."

TDEs also exhibit broad emission lines of hydrogen, helium, carbon, nitrogen and silicon.

Last August, the Berkeley team discovered a burp of light that looked like a TDE, but its location seemed off-center, though within the resolution limits of the ZTF. The researchers suspected the black hole was indeed off center, and immediately requested time on several telescopes to pinpoint its location. These included NASA's Chandra X-ray Observatory, the Very Large Array and the Hubble Space Telescope. They all confirmed its off-nucleus location, with HST providing a distance of about 2,600 light years -- about one-tenth the distance between our sun and Sag A*.

Though close to the central black hole, the off-nuclear black hole is not gravitationally bound to it. Because the black hole at the core spews out energy as it accretes infalling gas, it is categorized as an active galactic nucleus.

Yao and her team hope to find other roaming TDEs, which will give astronomers an idea of how often galaxies and their core black holes merge, and thus how long it takes to form some of the extreme, supermassive black holes.

"AT2024tvd is the first offset TDE captured by optical sky surveys, and it opens up the entire possibility of uncovering this elusive population of wandering black holes with future sky surveys," Yao said. "Right now, theorists haven't given much attention to offset TDEs. They primarily predict rates for TDEs occurring at the centers of galaxies. I think this discovery really motivates them to compute rates for offset TDEs, as well."

The 34 co-authors who contributed to the paper come from institutions in the United States, United Kingdom, Sweden, Russia, Germany, Australia and the Netherlands. ZTF is a public-private partnership, with equal support from the ZTF Partnership and the U.S. National Science Foundation.
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Astronomers observe largest ever sample of galaxies up to over 12 billion light years away | ScienceDaily
The largest sample of galaxy groups ever detected has been presented by a team of international astronomers using data from the James Webb Space telescope (JWST) in an area of the sky called COSMOS Web. The study marks a major milestone in extragalactic astronomy, providing unprecedented insights into the formation and evolution of galaxies and the large-scale structure of the universe.


						
Peering back in time to when the universe was younger than the Earth is now, the images span the period from around twelve billion years ago until one billion years ago. The new catalogue of images, soon to be published in the journal Astronomy and Astrophysics (A&A), includes nearly 1,700 galaxy groups. The research group's impressive image of a galaxy cluster over 6 billion light years away is currently showcased as the European Space Agency's (ESA) picture of the month.

'We're able to actually observe some of the first galaxies formed in the universe,' says Ghassem Gozaliasl of Aalto University, and head of the galaxy groups detection team who led the study. 'We detected 1,678 galaxy groups or proto-clusters -- the largest and deepest sample of galaxy groups ever detected -- with the James Webb Space telescope. With this sample, we can study the evolution of galaxies in groups over the past 12 billion years of cosmic time.'

The James Webb Space Telescope began operating in 2022. The largest telescope in space, its higher resolution and greater sensitivity have enabled astronomers to see farther and better than ever before. Because light travels at a finite speed, the further away an object is, the further back in time our image of it. By observing very faint, very distant galaxies -- the faintest galaxies in this dataset are one billion times dimmer than the human eye can see -- the team got a glimpse of what galaxies looked like in the early universe.

Galaxy groups and clusters are rich environments filled with dark matter, hot gas, and massive central galaxies that often host supermassive black holes, explains Gozaliasl. 'The complex interactions between these components play a crucial role in shaping the life cycles of galaxies and driving the evolution of the groups and clusters themselves. By uncovering a more complete history of these cosmic structures, we can better understand how these processes have influenced the formation and growth of both massive galaxies and the largest structures in the universe.'

Cosmic family history

Galaxies aren't scattered evenly throughout the universe. Instead, they cluster in dense regions connected by filaments and walls, forming a vast structure known as the cosmic web. Truly isolated galaxies are rare -- most reside in galaxy groups, which typically contain anywhere from three to a few dozen galaxies, or in larger galaxy clusters, which can include hundreds or even thousands of galaxies bound together by gravity. Our own Milky Way is part of a small galaxy group known as the Local Group, which includes the Andromeda Galaxy and dozens of smaller galaxies.

'Like humans, galaxies come together and make families,' explains Gozaliasl. 'Groups and clusters are really important, because within them galaxies can interact and merge together, resulting in the transformation of galaxy structure and morphology. Studying these environments also helps us understand the role of dark matter, feedback from supermassive black holes, and the thermal history of the hot gas that fills the space between galaxies.'

Because the new catalog includes observations that span from one billion to twelve billion years ago, scientists can compare some of the earliest structures in the universe with relatively modern ones to learn more about galaxy groups and how they evolve. Studying the history of galaxy groups can also help astronomers understand how the giant, brightest group galaxies (BGGs) at their centres form through repeated mergers -- an area explored in depth across several of Gozaliasl's recent publications.

'When we look very deep into the universe, the galaxies have more irregular shapes and are forming many stars. Closer to our time, star formation is what we refer to as 'quenched' -- the galaxies have more symmetric structures, like elliptical or spiral galaxies. It's really exciting to see the shapes changing over cosmic time. We can start to address so many questions about what happened in the universe and how galaxies evolved,' says Gozaliasl.
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Streaked slopes on Mars probably not signs of water flow, study finds | ScienceDaily
A new study by planetary scientists at Brown University and the University of Bern in Switzerland casts doubt on one of the most tantalizing clues that water might be flowing on present-day Mars.


						
For years, scientists have spied strange streaks running down Martian cliffsides and crater walls. Some have interpreted those streaks as liquid flows, suggesting the possibility of currently habitable environments on the Red Planet. But this new study, which used machine learning to create and analyze a massive dataset of slope streak features, points to a different explanation: dry process related to wind and dust activity.

"A big focus of Mars research is understanding modern-day processes on Mars -- including the possibility of liquid water on the surface," said Adomas Valantinas, a postdoctoral researcher at Brown who coauthored the research with Valentin Bickel, a researcher at Bern. "Our study reviewed these features but found no evidence of water. Our model favors dry formation processes."

The research was published in Nature Communications on Monday, May 19.

Scientists first saw the odd streaks in images returned from NASA's Viking mission in the 1970s. The sinewy features are generally darker in hue than the surrounding terrain and extend for hundreds of meters down sloped terrain. Some last for years or decades, while others come and go more quickly. The shorter-lived features -- dubbed recurring slope lineae (RSL) -- seem to show up in the same locations during the warmest periods of the Martian year.

The origin of the streaks has been a hot topic among planetary scientists. Modern Mars is remarkably dry, and temperatures rarely peak above freezing. Still, it's possible that small amounts of water -- perhaps sourced from buried ice, subsurface aquifers or abnormally humid air -- could mix with enough salt to create a flow even on the frozen Martian surface. If true, RSLs and slope streaks could mark rare, habitable niches on a desert world.

Other researchers haven't been convinced. They contend the streaks are triggered by dry processes like rock falls or wind gusts, and only appear liquid-like in orbital images.




Hoping for new insights, Bickel and Valantinas turned to a machine learning algorithm to catalog as many slope streaks as they could. After training their algorithm on confirmed slope streak sightings, they used it to scan more than 86,000 high-resolution satellite images. The result was a first-of-its-kind global Martian map of slope streaks containing more than 500,000 streak features.

"Once we had this global map, we could compare it to databases and catalogs of other things like temperature, wind speed, hydration, rock slide activity and other factors." Bickel said. "Then we could look for correlations over hundreds of thousands of cases to better understand the conditions under which these features form."

This geostatistical analysis showed that slope streaks and RSLs are not generally associated with factors that suggest a liquid or frost origin, such as a specific slope orientation, high surface temperature fluctuations or high humidity. Instead, the study found that both features are more likely to form in places with above average wind speed and dust deposition -- factors that point to a dry origin.

The researchers conclude that the streaks most likely form when layers of fine dust suddenly slide off steep slopes. The specific triggers may vary. Slope streaks appear more common near recent impact craters, where shockwaves might shake loose surface dust. RSLs, meanwhile, are more often found in places where dust devils or rockfalls are frequent.

Taken together, the results cast new doubt on slope streaks and RSLs as habitable environments.

That has significant implications for future Mars exploration. While habitable environments might sound like good exploration targets, NASA would rather keep its distance. Any Earthly microbes that may have hitched a ride on a spacecraft could contaminate habitable Martian environments, complicating the search for Mars-based life. This study suggests that the contamination risk at slope streak sites isn't much of a concern.

"That's the advantage of this big data approach," Valantinas said. "It helps us to rule out some hypotheses from orbit before we send spacecraft to explore."
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Nimble dimples: Agile underwater vehicles inspired by golf balls | ScienceDaily
Underwater or aerial vehicles with dimples like golf balls could be more efficient and maneuverable, a new prototype developed at the University of Michigan has demonstrated.


						
Golf ball dimples cut through pressure drag -- the resistance force an object meets when moving through a fluid -- propelling the ball 30% further than a smooth ball on average. Taking this as inspiration, a research team developed a spherical prototype with adjustable surface dimples and tested its aerodynamics in a controlled wind tunnel.

"A dynamically programmable outer skin on an underwater vehicle could drastically reduce drag while eliminating the need for protruding appendages like fins or rudders for maneuvering. By actively adjusting its surface texture, the vehicle could achieve precise maneuverability with enhanced efficiency and control," said Anchal Sareen, U-M assistant professor of naval architecture and marine engineering and mechanical engineering and corresponding author of two studies published in Flow and The Physics of Fluids.

These nimble vehicles could access typically hard-to-reach areas in the ocean while conducting surveillance, mapping new areas or collecting data on water conditions.

Sareen and colleagues formed the prototype by stretching a thin layer of latex over a hollow sphere dotted with holes, resembling a pickleball. A vacuum pump depressurizes the core, pulling the latex inwards to create precise dimples when switched on. Turning off the pump makes the sphere smooth again.

To find out how the dimples affected drag, the sphere was put to the test within a 3-meter-long wind tunnel, suspended by a thin rod and subjected to different wind velocities.

For each flow condition, the dimple depth could be finely adjusted by shifting the vacuum pump's strength. Drag was measured using a load cell, a sensor that detects force exerted by airflow on the object. At the same time, an aerosol was sprayed into the wind tunnel while a high-speed laser and camera captured the motion of the tiny particles as they flowed around the sphere.




For high wind speeds, shallower dimples cut the drag more effectively while deeper dimples were more efficient at lower wind speeds. By adjusting dimple depth, the sphere reduced drag by 50% compared to a smooth counterpart for all conditions.

"The adaptive skin setup is able to notice changes in the speed of the incoming air and adjust dimples accordingly to maintain drag reductions. Applying this concept to underwater vehicles would reduce both drag and fuel consumption," said Rodrigo Vilumbrales-Garcia, a postdoctoral research fellow of naval architecture and marine engineering at U-M and contributing author to the studies.

The smart morphable sphere can also generate lift, allowing for controlled movement. Often thought of as the upwards force responsible for keeping planes in the air, lift can work in any direction as long as it is perpendicular to the direction of the flow.

To achieve this, researchers designed the inner skeleton with holes on only one side, causing the sphere to develop one smooth and one dimpled side when activated.

This created asymmetric flow separation on the two sides of the sphere, deflecting the wake toward the smooth side. By Newton's third law, the fluid applies an equal and opposite force toward the rough side, effectively pushing the sphere in the direction of the dimples. Dimples on the right generate force to the right while those on the left push left. This enables precise steering by selectively activating dimples on the desired side.

The team tested the new sphere in the same wind tunnel setup with varying wind velocity and dimple depth. With the optimal dimple depth, the half rough/half smooth sphere generated lift forces up to 80% of the drag force. The lift generation was as strong as the Magnus effect, but instead of using rotation, it was created entirely by modifying the surface texture.




"I was surprised that such a simple approach could produce results comparable to the Magnus effect, which requires continuous rotation," said Putu Brahmanda Sudarsana, U-M graduate student in mechanical engineering and contributing author to the studies.

"In the long run, this could benefit, for example, compact spherical robotic submarines that prioritize maneuverability over speed for exploration and inspection. Typically, these submarines would require multiple propulsion systems, but this mechanism could help reduce that need."

Looking ahead, Sareen anticipates collaborations that combine expertise in materials science and soft robotics, further advancing the capabilities of this dynamic skin technology.

"This smart dynamic skin technology could be a game-changer for unmanned aerial and underwater vehicles, offering a lightweight, energy-efficient and highly responsive alternative to traditional jointed control surfaces," she said. "By enabling real-time adaptation to changing flow conditions, this innovation promises to enhance maneuverability, optimize performance and unlock new possibilities for vehicle design."
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How to swim without a brain | ScienceDaily
Bacteria can do it, amoebas can do it, even blood cells can do it: they all have the ability to move in a goal oriented way in liquids. And they do so despite having extremely simple structures without a central control system (such as a brain). How can this be explained? A team from TU Wien, the University of Vienna and Tufts University (USA) simulated this type of movement on a computer and was able to show that swimming movements are possible even without a central control unit. This not only explains the behaviour of microorganisms, it could also enable nanobots to move in a targeted manner, for example to transport drugs to the right place in the body.


						
Success even without a central control system

"Simple microorganisms can be imagined as being composed of several parts, a bit like a string of pearls," says Benedikt Hartl from the Institute of Theoretical Physics at TU Wien and the Allen Discovery Center at Tufts University, lead author of the current publication. "The individual parts can move relative to each other. We wanted to know: under what circumstances does this result in a movement that causes the entire organism to move in a desired direction?"

This is relatively simple if there is a central control system -- something like a brain or at least a nerve centre. Such a centre can issue specific commands to the individual parts. It is easy to understand how this can result in coordinated movement.

But a single-celled organism naturally has no nerve cells, no central processing system that could issue commands. How is it possible in this case for a coordinated swimming movement to arise? If the individual parts of the microorganism all behave according to very simple rules, can this result in collective behaviour that leads to efficient swimming?

Microorganisms simulated on a computer

This question was investigated using computer simulations: the microorganisms were modelled as chains of interconnected beads . Each of these beads can exert a force to the left or right, but each bead only knows the position of its immediate neighbours. There is no knowledge of the overall state of the organism or of beads further away.




"The crucial question now is: Is there a control system, a set of simple rules, a behavioural strategy that each bead can follow individually so that a collective swimming motion emerges -- without any central control unit?" says Benedikt Hartl.

On the computer, the individual beads -- the simulated parts of the virtual microorganism -- were equipped with a very simple form of artificial intelligence, a tiny neural network with only 20 to 50 parameters, explains Hartl: "The term neural network is perhaps somewhat misleading in this context; of course, a single-celled organism has no neurons. But such simple control systems can be implemented within a cell, for example, by means of very simple physical-chemical circuits that cause a specific area of the microorganism to perform a specific movement."

This simple decentralized control system has now been adapted to the computer in search of the most efficient 'control code' possible that produces the best swimming behaviour. With each version of this control system, the virtual microorganism was allowed to swim in a simulated viscous fluid.

"We were able to show that this extremely simple approach is sufficient to produce highly robust swimming behaviour," says Benedikt Hartl. "Although our system has no central control and each segment of the virtual microorganism behaves according to very simple rules, the overall result is complex behaviour that is sufficient for efficient locomotion."

Biology and technology

This result is not only interesting because it explains the complex behaviour of very simple biological systems, it could also be interesting for artificially produced nanobots: "This means that it would also be possible to create artificial structures that could perform complex tasks with very simple programming," says Andreas Zottl (University of Vienna). "It would be conceivable, for example, to build nanobots that actively search for oil pollution in water and help to remove it. Or even medical nanobots that move autonomously to specific locations in the body to release a drug in a targeted manner."
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Capuchin monkeys develop bizarre 'fad' of abducting baby howlers | ScienceDaily
On an island off the coast of Panama lives a population of wild primates with a remarkable culture. White-faced capuchins on Jicaron Island in Coiba National Park use stone tools; and scientists have been monitoring this unique tradition with an array of motion-triggered cameras on the island since 2017. In 2022, doctoral researcher Zoe Goldsborough was looking through the camera trap footage when she found an unusual sighting, something they had never seen in the previous five years of data: a capuchin monkey carrying an infant howler monkey on his back.


						
"It was so weird that I went straight to my advisor's office to ask him what it was," remembers Goldsborough who is conducting her dissertation at MPI-AB. The biologists knew it was a rare animal behavior and so they immediately started investigating. If there was to be more evidence of this occurring on the island, they were confident they would find it: "We had all the footage from cameras on Jicaron for the whole year," says Brendan Barrett, a group leader at MPI-AB and Goldsborough's advisor, "so we could reconstruct the scene to see if this weird behavior was just a one-off, or something bigger."

The influencer

Goldsborough manually dug through the tens of thousands of images and videos collected by all cameras deployed around this time period. She found not one, but four different howler infants being carried. In nearly all cases, the carrier was the same individual: a subadult male she named Joker. These observations raised several questions. How did Joker get these infants? And why did he carry them for days at a time?

"At first, we thought it could be adoption," says Goldsborough. Anecdotes exist of some animals adopting babies of other species. In a well-known case from 2006, a pair of capuchins adopted a baby marmoset and succeeded in raising it into adulthood. But there was a problem with this interpretation: animal adoption is almost always carried out by females, who presumably do it to practice "caring" for infants. "The fact that a male was the exclusive carrier of these babies was an important piece of the puzzle," she adds.

Then, the trail went cold. Goldsborough found no evidence of howler carrying for months. "We'd decided that it was one individual trying something new," says Barrett, "which is not uncommon to see among capuchins. These are deeply curious animals who are constantly exploring the forest and figuring out how they can interact with their world."

Eventually, though, the researchers struck the motherlode: they discovered a series of images and video, timestamped five months later, of more howler infants being carried. The authors called on a howler monkey expert, Lisa Corewyn at Ithaca College, who verified that the babies were separate individuals. "We assumed that Joker was at it again," says Goldsborough. But they soon realized that the carrying behavior had in fact spread to four other capuchins -- all young males.




The spread

Over the course of 15 months, these five capuchins carried 11 different howler monkeys for up to 9-day periods. The camera footage showed the howler babies clinging to the backs or bellies of their young male carriers who appeared to be going about their normal business of travelling or using tools to crack open food sources. The researchers collated the footage on an interactive website documenting the spread of the behavior.

"The complete timeline tells us a fascinating story of one individual who started a random behavior, which was taken up with increasing speed by other young males," says Barrett. The authors describe this as a social tradition or cultural fad -- a behavior that spreads in a population through social learning. It parallels trends observed in other animals, such as killer whales donning "salmon hats" or chimpanzees wearing a blade of grass in their ears like an accessory.

Social learning gone wrong?

The implications of the capuchins' fashion fad, however, are more than skin deep. The howler babies, all less than four weeks old, appear to have been abducted from their parents who were captured on camera calling to infants from nearby trees. Four babies were observed to have perished. The authors suspect that none of the babies survived. "The capuchins didn't hurt the babies," stresses Goldsborough, "but they couldn't provide the milk that infants need to survive."

As is often the case in the natural world, one animal's loss is another animal's gain. But what the capuchins gain from this social tradition is a mystery. The males don't eat the infants, they don't play with them, and they don't receive more attention from their group mates while carrying an infant. "We don't see any clear benefit to the capuchins," says Goldsborough "but we also don't see any clear costs, although it might make tool use a little trickier."

Rethinking animal culture




The research offers the first known documentation of a social tradition in which animals repeatedly abduct and carry infants of another species -- without any clear benefit to themselves. It highlights the ways in which animal culture can parallel our own. Says Barrett: "We show that non-human animals also have the capacity to evolve cultural traditions without clear functions but with destructive outcomes for the world around them."

This, he says, points to a compelling line of inquiry. "The more interesting question is not 'why did this tradition arise?' but rather 'why here?'"

Not just tool users

The white-faced capuchins on Jicaron island have developed a unique tradition of using stone tools to crack open hard foods like nuts and shellfish. Interestingly, the capuchins that use tools on Jicaron are only males -- just like the howler kidnappers -- hinting that these two socially learned traditions might spring from the same source: boredom.

Meg Crofoot, managing director at the MPI-AB and one of the founders of this project, says: "Survival appears easy on Jicaron. There are no predators and few competitors, which gives capuchins lots of time and little to do. It seems this 'luxurious' life set the scene for these social animals to be innovators. This new tradition shows us that necessity need not be the mother of invention. For a highly intelligent monkey living in a safe, perhaps even under-stimulating environment, boredom and free time might be sufficient."

Looking forward

The study's camera trapping period ran from January 2022 to July 2023, and the team does not know to what extent the tradition persisted afterwards as all data has not yet been analyzed. But, if the behavior spreads to other capuchin groups or continues to impact howlers, which are an endangered species on Jicaron, it could become a conservation issue in Coiba National Park.

"Witnessing the spread of this behavior had a profound effect on all of us," says Crofoot. "We therefore feel even more responsible to keep learning from this natural population of primates who, to our knowledge, are the only ones on earth to be practicing this strange tradition."
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Mice use chemical cues such as odors to sense social hierarchy | ScienceDaily
Researchers at the Francis Crick Institute have shown that mice use chemical cues, including odours, to detect the social rank of an unfamiliar mouse and compare it to their own, using this information to determine their behaviour.


						
Like many mammals, mice live in a social hierarchy where some are more dominant than others. This helps to avoid conflict and establish breeding partners.

It has been suggested previously that some mice might display fixed behaviour regardless of who they are interacting with, or that physical properties can give cues about social ranking. However, new research published today in Current Biology shows that mice instead infer an unfamiliar mouse's rank through chemical cues transmitted in the air (odours) or through direct contact (non-volatile scent cues).

The Crick team worked this out using a test where male mice enter a transparent tube at opposite ends, meeting in the middle. In this type of confrontation, a more submissive animal will typically retreat1.

The researchers first looked at interactions in mice who shared the same cage, using this to rank each mouse on a hierarchy, before observing how the mice responded to a set of unfamiliar opponents.

They found that the strangers could recognise each other's rank, compare it to their own, and either retreat or force the other mouse to retreat.

The team then tested the mice in the dark, finding that this did not affect rank recognition, suggesting that cues like physical size or behaviour don't determine recognition of a more aggressive opponent. Similarly, castrating the mice to remove their sex hormones had no impact.




Finally, the team experimentally blocked the two chemosensory systems that mice use -- one for odours in the air (olfactory system) and one for chemical signals transmitted by physical contact (vomeronasal system).

They found no effect when just one of these systems was removed; both needed to be ablated before the mice couldn't recognise opponent rank. This showed that mice use both olfactory and vomeronasal systems to recognise rank and can compensate if one is missing.

Like mice, people can also infer the social status of others around them relative to their own, also using sensory cues, including language, facial expression or clothing.

The next step for the researchers is to investigate which areas of the brain process the information on opponent rank and own rank and initiate a decision to retreat or advance.

Neven Borak, former PhD student in the State-Dependent Neural Processing Laboratory at the Crick and first author, said: "We've shown that mice weigh up strangers using chemical cues and can detect social status without needing an extensive history of confrontations with those specific opponents. This is a fascinating phenomenon that humans do too mostly using visual cues. Our work offers an interesting perspective on social mobility: humans, like mice, can enter a new group of people but still maintain understanding of own social rank and gauge the social status of unfamiliar people."

Jonny Kohl, Group Leader of the State-Dependent Neural Processing Laboratory at the Crick and senior author, said: "We've shown for the first time how mice integrate internal and external information about dominance. This shows that a decision based on relative ranks is made in the brain before mice show either aggression or submissive behaviour, rather than there being fixed differences in behaviours leading to an aggressive or docile mouse."

The State-Dependent Neural Processing Laboratory studies how processes within the brain are impacted by the state of the body. By studying how physiological states, such as pregnancy, stress or sleep, impact neural circuits in mice, the researchers hope to advance a more integrative view of brain physiology in health and disease.
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Light-to-electricity nanodevice reveals how Earth's oldest surviving cyanobacteria worked | ScienceDaily
An international team of scientists have unlocked a key piece of Earth's evolutionary puzzle by decoding the structure of a light-harvesting "nanodevice" in one of the planet's most ancient lineages of cyanobacteria. The discovery, published in Proceedings of the National Academy of Sciences, provides an unprecedented glimpse into how early life harnessed sunlight to produce oxygen -- a process that transformed our planet forever.


						
The team, including Dr Tanai Cardona from Queen Mary University of London, focused on Photosystem I (PSI), a molecular complex that converts light into electrical energy, purified from Anthocerotibacter panamensis -- a recently discovered species representing a lineage that diverged from all other cyanobacteria roughly 3 billion years ago. Remarkably, this living relic shares almost no close relatives, with its nearest known evolutionary "sister" species parting ways some 1.4 billion years ago.

"We cannot travel back three billion years to observe the cyanobacteria on Earth," said Dr Ming-Yang Ho of National Taiwan University, lead author of the study. "That is why the early-branched A. panamensis is so crucial; it lets us glimpse what occurred in the past."

Most cyanobacteria, plus all algae and plants, pack their photosynthetic machinery into stacked membrane sheets called thylakoids: imagine several layers of solar panels. A. panamensis lacks thylakoids, confining its entire photosynthetic toolkit to a single membrane layer. That restriction limits photosynthesis, so these thylakoid-less cyanobacteria grow slowly and tolerate only dim light in the lab.

"With this PSI structure in hand," added co-author Dr Christopher Gisriel from University of Wisconsin-Madison, "We can compare it to others and see which features are ancient and which are recent evolutionary innovations."

The team found that, although the protein sequences have drifted like those in any bacterium, PSI's architecture is almost unchanged: three PSI units join in a three-leaf-clover arrangement, collectively carrying more than 300 light-absorbing pigments such as chlorophylls and carotenoids.

Dr Tanai Cardona concluded, "Even three billion years ago, photosynthesis appears to have reached a remarkable degree of sophistication. To find the true origin of oxygen-producing photosynthesis, we'll have to look even further back -- before cyanobacteria themselves evolved."

The study was funded National Science and Technology Council (Taiwan), NIH, U.S. Department of Energy and UKRI.
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Wild orangutans show communication complexity thought to be uniquely human | ScienceDaily
In groundbreaking work from The University of Warwick, researchers have found that wild orangutans vocalise with a layered complexity previously thought to be unique to human communication, suggesting a much older evolutionary origin.


						
Consider the phrase -- 'This is the dog that chased the cat that killed the rat that ate the cheese'. It is a simple sentence comprised of repeated verb noun phrases -- 'chased the cat', 'ate the cheese' -- and is an example of layered complexity called recursion.

Recursion is the repetition of language elements in an embedded way so that they form a comprehensible thought/phrase. Like Russian nesting dolls, the power of recursion mean we can combine a finite set of elements to deliver an infinite array of messages with increasing complexity.

It is widely believed that nested communication is a unique feature of human language, allowing us greater complexity of thought, but research from The University of Warwick, published today in Annals of The New York Academy of Sciences, tells a different story.

Dr. Chiara De Gregorio, Research Fellow at The University of Warwick, who performed this work alongside Adriano Lameira (also Warwick) and Marco Gamba (University of Torino), said: "When analysing the vocal data of alarm calls from female Sumatran orangutans, we found that the rhythmic structure of orangutans' sounds made were self-embedded across three levels -- an impressive third-order recursion. Finding this feature in orangutan communication challenges the idea that recursion is uniquely human."

The three-layered (recursive) structure of the orangutan's calls was as follows:
    	Individual sounds made by orangutans occurred in small combinations (first layer)
    	These combinations could be grouped into larger bouts (second layer)
    	And these bouts could be grouped into even larger series (third layer), all with a regular rhythm at each level

Just like a musical piece with repeating patterns, orangutans nested one rhythm inside another, and then another, creating a sophisticated multi-layered vocal structure, not thought possible by non-human great apes.




This pattern wasn't accidental because orangutans also changed the rhythm of their alarm calls depending on the type of predator they encounter: When they saw a real threat, like a tiger, their calls were faster and more urgent. When they saw something that seemed like a threat but lacked the credibility of a real danger (like a cloth with colourful spots), their calls were slower and less regular.

This ability to adapt vocal rhythms to different dangers shows that orangutans aren't just making noise, they are using structured vocal recursion to carry meaningful information about the outside world.

"This discovery shows that the roots of one of the most distinctive features of human language -- recursion -- was already present in our evolutionary past," adds lead author Dr. De Gregorio. "Orangutans are helping us understand how the seeds of language structure might have started growing millions of years ago."

This research presents the first empirical support for the idea that these powerful recursive capacities could have been selected for and evolved incrementally in a much earlier ancestor.
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Log in to your computer with a secret message encoded in a molecule | ScienceDaily
Molecules like DNA are capable of storing large amounts of data without requiring an energy source, but accessing this molecular data is expensive and time consuming. Publishing May 16 in the Cell Press journal Chem, researchers have developed an alternative method to encode information in synthetic molecules, which they used to encode and then decode an 11-character password to unlock a computer.


						
"Molecules can store information for very long periods without needing power. Nature has given us the proof of principle that this works," says corresponding author and electrical engineer Praveen Pasupathy of the University of Texas at Austin. "This is the first attempt to write information in a building block of a plastic that can then be read back using electrical signals, which takes us a step closer to storing information in an everyday material."

Traditional storage devices like hard drives and flash drives have drawbacks, such as high maintenance costs, energy consumption, and short lifespans that make them unsuitable for long-term data archiving. Molecules could provide an alternative option, and prior studies have shown that DNA and synthetic polymers can be designed to effectively store information. However, decoding these molecules usually involves expensive pieces of equipment, for example, mass spectrometers.

To make molecular messages that are easier to write and read, the team decided to try a different approach: designing molecules that contain electrochemical information -- a method that allows messages to be decoded using electrical signals.

"Our approach has the potential to be scaled down to smaller, more economical devices compared to traditional spectrometry-based systems," says senior author and chemist Eric Anslyn of the University of Texas at Austin. "It opens exciting prospects for interfacing chemical encoding with modern electronic systems and devices."

To start, the team built an alphabet of characters using four different monomers, or molecular building blocks with different electrochemical properties. Each character was composed of different combinations of the four monomers, which yielded a total of 256 possible characters. To test the method, they used the molecular alphabet to synthesize a chain-like polymer representing an 11-character password ('Dh&@dR%P0WC/'), which they subsequently decoded using a method based on the molecules' electrochemical properties.

The team's decoding method takes advantage of the fact that certain chain-like polymers can be broken down by removing one building block at a time from the end of the chain. Since the monomers were designed to have unique electrochemical properties, this step-by-step degradation results in electrical signals that can be used to decipher the sequential identity of the monomers within the polymer.




"The voltage gives you one piece of information -- the identity of the monomer currently being degraded -- and so we scan through different voltages and watch this movie of the molecule being broken down, which tells us which monomer is being degraded at which point in time," says Pasupathy. "Once we pinpoint which monomers are where, we can piece that together to get the identities of the characters in our encoded alphabet."

One downside of the method is that each molecular message can only be read once, since decoding the polymers involves degrading them. The decoding process also takes time -- around 2.5 hours for the 11-character password -- but the team are working on methods to speed up the process.

"While this method does not yet overcome the destructive or time-intensive aspects of sequencing, it takes a first step toward the ultimate goal of developing portable, integrated technologies for polymer-based data storage," says Anslyn. "The next step is to interface the polymers with integrated circuits, where the computer chips become the readout system for the stored information."

This research was supported by the Keck Foundation, the National Science Foundation, the ARO, and the Welch Reagents Chair.
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Bismuth's mask uncovered: Implications for quantum computing and spintronics materials | ScienceDaily
Whether bismuth is part of a class of materials highly suitable for quantum computing and spintronics was a long-standing issue. Kobe University research has now revealed that the true nature of bismuth was masked by its surface, and in doing so uncovered a new phenomenon relevant to all such materials.


						
There is a class of materials that are insulators in their bulk, but robustly conductive at their surface. As this conductivity does not suffer from defects or impurities, such "topological materials," as they are called, are expected to be highly suitable for use in quantum computers, spintronics and other advanced electronic applications. However, whether bismuth is a topological material or not has been under scientific debate for the past almost 20 years, with many calculations showing that it shouldn't be, but certain measurements indicating differently. Kobe University quantum solid state physicist FUSEYA Yuki says: "I have been fascinated by bismuth and have been conducting research with the desire to know everything there is to know about the element. As a bismuth lover, I could not overlook such a situation and delved into the debate, hoping to solve the mystery."

Fuseya's dedication to the material allowed him to consider phenomena others haven't. He explains: "Among the many properties of bismuth I have studied, I was the first to discover that the crystal structure spontaneously changes due to relaxation near the surface of a crystal. This made me wonder whether this surface relaxation might affect the material's topological nature." Thus, the Kobe University researcher and his team took to computer models of the behavior of electrons in the material and incorporated this change in crystal structure to investigate whether they can so contribute to the debate.

The team now published their results in a letter in the journal Physical Review B. Their calculations could prove that the relaxation of the surface of bismuth crystals leads to the material appearing to be topological at the surface, masking that its bulk is non-topological. "Until now, the topology of a material has been determined based on the principle of 'bulk-edge correspondence,' which holds that the characteristics at the surface represent those in the bulk. However, our study shows that this guiding principle can be broken," explains Fuseya.

"Our proposal that surface relaxation can lead to the breaking of bulk-edge correspondence is not limited to bismuth but can be broadly applied to other systems," the Kobe University team writes in their paper. Thus, the effect the researchers call "topological blocking" might be discovered in other materials, too. "The most important thing in topological materials science is to get the topology of matter right," comments Fuseya, hinting at the wide implications his team's work has for the whole field.

For bismuth lover Fuseya, the discovery is personal, too. He explains: "Bismuth has provided the setting for many discoveries and history has taught us that once a phenomenon is discovered there, similar phenomena are discovered in other substances one after another. I am very happy to know that another phenomenon first discovered in bismuth has been added to that list."

This research was funded by the Japan Society for the Promotion of Science (grants 23H00268, 23H04862 and 22K18318). It was conducted in collaboration with researchers from the University of Electro-Communications.
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Ultraviolet data from NASA's Europa Clipper mission | ScienceDaily
The Southwest Research Institute-led Ultraviolet Spectrograph (UVS) aboard NASA's Europa Clipper spacecraft has successfully completed its initial commissioning following the October 14, 2024, launch. Scheduled to arrive in the Jovian system in 2030, the spacecraft will orbit Jupiter and ultimately perform repeated close flybys of the icy moon Europa. Previous observations show strong evidence for a subsurface ocean of liquid water that could host conditions favorable for life.


						
Europa-UVS is one of nine science instruments in the mission payload, including another SwRI-led and developed instrument, the MAss Spectrometer for Planetary EXploration (MASPEX). The UVS instrument collects ultraviolet light to create images to help determine the composition of Europa's atmospheric gases and surface materials.

"SwRI scientists started this process in January from NASA's Jet Propulsion Laboratory, however, we had to evacuate due to the fires in southern California," said SwRI Institute Scientist Dr. Kurt Retherford, principal investigator (PI) of Europa-UVS. "We had to wait until May to open the instrument's aperture door and collect UV light from space for the first time. We observed a part of the sky, verifying that the instrument is performing well."

SwRI has provided ultraviolet spectrographs for other spacecraft, including ESA's Rosetta comet orbiter, as well as NASA's New Horizons mission to Pluto, Lunar Reconnaissance Orbiter mission in orbit around the Moon and Juno mission to Jupiter.

"Europa-UVS is the sixth in this series, and it benefits greatly from the design experience gained by our team from the Juno-UVS instrument, launched in 2011, as it pertains to operating in Jupiter's harsh radiation environment," said Matthew Freeman, project manager for Europa-UVS and director of SwRI's Space Instrumentation Department. "Each successive instrument we build is more capable than its predecessor."

Weighing just over 40 pounds (19 kg) and drawing only 7.9 watts of power, UVS is smaller than a microwave oven, yet this powerful instrument will determine the relative concentrations of various elements and molecules in the atmosphere of Europa once in the Jovian system. A similar instrument launched in 2023 aboard ESA's Jupiter Icy Moons Explorer spacecraft, which will be studying several of Jupiter's icy moons, gases from the volcanic moon Io and Jupiter itself. Having two UVS instruments in the Jupiter system at one time offers complementary science.

In addition to performing atmospheric studies, Europa-UVS will also search for evidence of potential plumes erupting from within Europa.

"Europa-UVS will hunt down potential plumes spouting from Europa's icy surface and study them to understand what they tell us about the nature of subsurface water reservoirs," said Dr. Thomas Greathouse, SwRI staff scientist and Europa-UVS co-deputy PI. "The instrument is working fabulously, and we're excited about its ability to make new discoveries once we get to Jupiter."

NASA's Jet Propulsion Laboratory (JPL) manages the Europa Clipper mission for NASA's Science Mission Directorate in Washington, D.C. The Europa Clipper mission was developed in partnership with the Johns Hopkins University Applied Physics Laboratory (APL), in Laurel, Maryland.
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AI overconfidence mirrors human brain condition | ScienceDaily
Agents, chatbots and other tools based on artificial intelligence (AI) are increasingly used in everyday life by many. So-called large language model (LLM)-based agents, such as ChatGPT and Llama, have become impressively fluent in the responses they form, but quite often provide convincing yet incorrect information. Researchers at the University of Tokyo draw parallels between this issue and a human language disorder known as aphasia, where sufferers may speak fluently but make meaningless or hard-to-understand statements. This similarity could point toward better forms of diagnosis for aphasia, and even provide insight to AI engineers seeking to improve LLM-based agents.


						
This article was written by a human being, but the use of text-generating AI is on the rise in many areas. As more and more people come to use and rely on such things, there's an ever-increasing need to make sure that these tools deliver correct and coherent responses and information to their users. Many familiar tools, including ChatGPT and others, appear very fluent in whatever they deliver. But their responses cannot always be relied upon due to the amount of essentially made-up content they produce. If the user is not sufficiently knowledgeable about the subject area in question, they can easily fall foul of assuming this information is right, especially given the high degree of confidence ChatGPT and others show.

"You can't fail to notice how some AI systems can appear articulate while still producing often significant errors," said Professor Takamitsu Watanabe from the International Research Center for Neurointelligence (WPI-IRCN) at the University of Tokyo. "But what struck my team and I was a similarity between this behavior and that of people with Wernicke's aphasia, where such people speak fluently but don't always make much sense. That prompted us to wonder if the internal mechanisms of these AI systems could be similar to those of the human brain affected by aphasia, and if so, what the implications might be."

To explore this idea, the team used a method called energy landscape analysis, a technique originally developed by physicists seeking to visualize energy states in magnetic metal, but which was recently adapted for neuroscience. They examined patterns in resting brain activity from people with different types of aphasia and compared them to internal data from several publicly available LLMs. And in their analysis, the team did discover some striking similarities. The way digital information or signals are moved around and manipulated within these AI models closely matched the way some brain signals behaved in the brains of people with certain types of aphasia, including Wernicke's aphasia.

"You can imagine the energy landscape as a surface with a ball on it. When there's a curve, the ball may roll down and come to rest, but when the curves are shallow, the ball may roll around chaotically," said Watanabe. "In aphasia, the ball represents the person's brain state. In LLMs, it represents the continuing signal pattern in the model based on its instructions and internal dataset."

The research has several implications. For neuroscience, it offers a possible new way to classify and monitor conditions like aphasia based on internal brain activity rather than just external symptoms. For AI, it could lead to better diagnostic tools that help engineers improve the architecture of AI systems from the inside out. Though, despite the similarities the researchers discovered, they urge caution not to make too many assumptions.

"We're not saying chatbots have brain damage," said Watanabe. "But they may be locked into a kind of rigid internal pattern that limits how flexibly they can draw on stored knowledge, just like in receptive aphasia. Whether future models can overcome this limitation remains to be seen, but understanding these internal parallels may be the first step toward smarter, more trustworthy AI too."
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A multitude of protoplanetary discs detected in the galactic centre | ScienceDaily
Using new observations with the ALMA telescope array in Chile, researchers have compiled the most precise map of three regions in the Milky Way's Central Molecular Zone to date, providing valuable information on how stars form in that region.


						
For decades, astronomers have discovered hundreds of protoplanetary disks -- structures believed to represent the early stages of our own solar system. However, most of these discoveries lie within our neighbourhood, which may not reflect the extreme conditions found in other parts of the Milky Way. Among the most dynamic and turbulent regions is the Central Molecular Zone (CMZ) near the Milky Way Galactic Centre, where high pressure and density may shape star and planet formation in fundamentally different ways. Studying protoplanetary systems in the CMZ provides a rare opportunity to test and refine our theories of solar system formation.

An international team of researchers from the Kavli Institute for Astronomy and Astrophysics at Peking University (KIAA, PKU), the Shanghai Astronomical Observatory (SHAO), and the Institute of Astrophysics of the University of Cologne (UoC), along with several collaborating institutions, has conducted the most sensitive, highest-resolution, and most complete survey to date of three representative molecular clouds in the Milky Way's CMZ. Their observations revealed over five hundred dense cores -- the sites where stars are being born. The results have been published in the journal Astronomy & Astrophysics under the title 'Dual-band Unified Exploration of three Central Molecular Zone Clouds (DUET). Cloud-wide census of continuum sources showing low spectral indices'.

Detecting such systems in the CMZ is exceptionally challenging. These regions are distant, faint and deeply embedded in thick layers of interstellar dust. To overcome these obstacles, the team utilized the Atacama Large Millimeter/submillimeter Array (ALMA) in the Chilean Atacama Desert, an interferometric telescope that combines signals from antennas spread over several kilometres to achieve extraordinary angular resolution. "This allows us to resolve structures as small as a thousand astronomical units even at CMZ distances of roughly 17 billion AU away," said Professor Xing Lu, a researcher at Shanghai Astronomical Observatory and the Principal Investigator of the ALMA observing project.

By reconfiguring the array and observing at multiple frequencies, the team performed 'dual-band' observations -- capturing two different wavelengths at the same spatial resolution. Just as human vision relies on colour contrast to interpret the world, dual-band imaging provides critical spectral information about the temperature, dust properties and structure of these remote systems.

To their surprise, the researchers found that more than seventy percent of the dense cores appeared significantly redder than expected. After carefully ruling out observational bias and other possible explanations, they proposed two leading scenarios -- both suggesting the widespread presence of protoplanetary disks.

"We were astonished to see these 'little red dots' cross the whole molecular clouds," said first author Fengwei Xu, who is currently conducting research at the University of Cologne's Institute of Astrophysics in the context of his doctoral work. "They are telling us the hidden nature of dense star-forming cores."

One possible explanation is that these cores are not transparent, homogeneous spheres as once thought. Instead, they may contain smaller, optically thick structures -- possibly protoplanetary disks -- whose self-absorption at shorter wavelengths results in the observed reddening. "This challenges our original assumption of canonical dense cores," said Professor Ke Wang, Fengwei Xu's doctoral supervisor at the Kavli Institute.




Another possibility involves the growth of dust grains within these systems. "In the diffuse interstellar medium, dust grains are usually just a few microns in size," explained Professor Hauyu Baobab Liu at the Department of Physics of National Sun Yat-sen University, who led the radiative transfer modelling in the study. "But our models indicate that some cores may contain millimetre-sized grains, which could only form in protoplanetary disks and then be expelled -- perhaps by protostellar outflows."

Regardless of which scenario proves dominant, both require the presence of protoplanetary disks. The findings suggest that over three hundred such systems may already be forming within just these three CMZ clouds. "It is exciting that we are detecting possible candidates for protoplanetary disks in the Galactic Centre. The conditions there are very different from our neighbourhood, and this may give us a chance to study planet formation in this extreme environment," said Professor Peter Schilke at the University of Cologne, Fengwei Xu's doctoral co-supervisor. Computing resources and technical support at the UoC's Institute of Astrophysics contributed to the result.

Future multi-band observations will help to further constrain their physical properties and evolutionary stages, offering a rare glimpse into the early processes that give rise to planetary systems like our own, even in the most extreme corners of the Milky Way.
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Dual associations with two fungi improve tree fitness | ScienceDaily
When trees and soil fungi form close associations with each other, both partners benefit. Many tree species have further enhanced this cooperation by forming a concurrent symbiosis with two different groups of mycorrhizal fungi. Those trees cope better with water and nutrient scarcity, which is an important trait for forestry in the face of climate warming.


						
Despite having enormous root systems, trees often are unable to take up enough water and nutrients from soil to grow in a healthy manner. That's why most terrestrial plants have formed symbiotic associations with fungi over the course of evolution. These mycorrhizal fungi, which either wrap themselves around roots or penetrate the cells of root systems, receive part of the sugar produced by plant photosynthesis from trees as a source of energy. In exchange, trees receive nutrients like phosphate and nitrate as well as water from the fungi in an unromantic marriage of convenience of sorts.

Dual symbioses expand habitat

Using more than 400 different tree species spread around the world as a basis, researchers at the University of Zurich (UZH) and Agroscope have shown that many of them have further improved this cooperation system. Although most tree species form an association only with a single type of mycorrhizal fungi, "some woody plants form an alliance with two fungus types simultaneously," says Ido Rog from the Department of Plant and Microbial Biology at UZH.

The researchers now show that "bigamy" of this kind improves tree fitness, making trees less sensitive to drought and rendering them better able to cope with nutrient scarcity. "They thus are able to colonize a much larger territory than tree species that form a symbiosis with only one fungus type can," lead author Rog says. The broader geographical range and the expanded environmental niche space occupied by those trees are independent of their phylogenetic architecture and evolutionary history.

More resistant to heat and drought

The concurrent associations with two different mycorrhizal fungi enlarge the diversity of trees' nutrient supply because their roots cover a more extensive soil profile and are capable of coping with a more diverse range of soil properties. "Our findings indicate that polygamy with two fungus varieties served as a strategy enabling trees to adapt to rougher environmental conditions and to thus colonize nutrient-poorer niches and endure harsher climates," UZH professor Marcel van der Heijden says. So, the distribution of trees with dual symbioses is much more pronounced in dryer areas, for example, than in rainier habitats.

"In forestry, this knowledge could be helpful in the future for selecting tree species specialized in dual fungal associations because they are likely to be better at coping with ongoing global warming and could be used to colonize dry climate zones," van der Heijden explains.
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Stretched in a cross pattern: Our neighboring galaxy is pulled in two axes | ScienceDaily
Researchers at Nagoya University in Japan have discovered that Cepheid variable stars in our neighboring galaxy, the Small Magellanic Cloud (SMC), are moving in opposing directions along two distinct axes. They found that stars closer to Earth move towards the northeast, while more distant stars move southwest. This newly discovered movement pattern exists alongside a northwest-southeast opposing movement that the scientists previously observed in massive stars.


						
These complex bidirectional movements along two different axes indicate that the SMC is being stretched by multiple external gravitational forces -- its larger neighbor, the Large Magellanic Cloud (LMC) in one direction and another, currently unknown mechanism in the other. The findings were published in the journal The Astrophysical Journal Letters.

This study is the first to analyze stellar motions within the SMC by taking individual distances into account. Previous studies that investigated stellar motions within the SMC assumed that all stars were at the same distance from Earth (200,000 light-years), due to the lack of precise distance measurements -- an oversimplification that may have caused errors.

The researchers used data from the Gaia satellite to analyze over 4,200 Cepheid variable stars -- pulsating stars that expand and contract rhythmically causing their brightness to change. Astronomers can accurately measure their distances from Earth by comparing the time it takes for one complete cycle of brightening and dimming. By accounting for these individual distances, the researchers could analyze the stars' movements with more accuracy than previous studies.

A previous study by the same group reported that the SMC is being stretched by its bigger neighbor, the LMC. These two galaxies are gravitationally bound and interact with each other. These interactions have likely influenced their structure and evolution.

"There is also a possibility that the gravitational influence from our own Milky Way or the effects from a past close encounter between the two Magellanic Clouds contribute to the stretching of the SMC," Dr. Kengo Tachihara from the Department of Physics at Nagoya University said.

Additionally, the research confirmed the theory that the SMC does not rotate, further suggesting that this relatively small, irregular shaped galaxy has unique dynamics likely influenced by gravitational interactions with the Milky Way and the LMC.

"Our discovery challenges previous theories of the galaxy's structure and dynamics. We need to rethink how the SMC, LMC, and the Milky Way interact. New simulations that consider the SMC's non-rotating nature are needed to understand these complex relationships," PhD student and lead author, Satoya Nakano, explained.
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Scientists track down mutation that makes orange cats orange | ScienceDaily
Many an orange cat-affiliated human will vouch for their cat's, let's say, specialness. But now scientists have confirmed that there is, in fact, something unique about ginger-hued domestic felines. In a new study, Stanford Medicine researchers have discovered the long-posited but elusive genetic mutation that makes orange cats orange -- and it appears to occur in no other mammal.


						
The finding adds to our understanding of how subtle genetic changes give rise to new traits, the researchers said.

Lots of mammals come in shades of orange -- think tigers, golden retrievers, orangutans and red-headed humans -- but only in domestic cats is orange coloration linked to sex, appearing much more often in males.

"In a number of species that have yellow or orange pigment, those mutations almost exclusively occur in one of two genes, and neither of those genes are sex-linked," said Christopher Kaelin, PhD, a senior scientist in genetics and lead author of the study to be published online May 15 in Current Biology.

Greg Barsh, MD, PhD, emeritus professor of genetics and of pediatrics, is the study's senior author.

While scientists have pinpointed the typical mutations that induce pigment cells in the skin to produce yellow or orange pigment instead of the default brown or black, they had only a rough idea of where to find the corresponding mutation in cats.

They knew from the preponderance of male orange cats that the mutation -- dubbed sex-linked orange -- was somewhere on the X chromosome. (As in most mammals, females have XX while males have XY sex chromosomes.) Any male cat with sex-linked orange will be entirely orange, but a female cat needs to inherit sex-linked orange on both X chromosomes to be entirely orange -- a less likely occurrence.




Female cats with one copy of sex-linked orange appear partially orange -- with a mottled pattern known as tortoiseshell, or with patches of orange, black and white known as calico. That's due to a genetic phenomenon in females, called random X inactivation, in which one X chromosome is inactivated in each cell. The result is a mosaic of pigment cells, some that express sex-linked orange and others that do not.

A genetic puzzle 

Scientists have taken advantage of the wide variety of cat colors and patterns to study genetics since the turn of the 20th century, yet the molecular identity of the peculiar orange mutation remained hazy.

"It's a genetic exception that was noticed over a hundred years ago," Kaelin said. "It's really that comparative genetic puzzle that motivated our interest in sex-linked orange."

Building on a prior study that had begun to narrow down the region of the X chromosome containing the mutation, Kaelin and his colleagues zeroed in on sex-linked orange using a step-by-step process.

"Our ability to do this has been enabled by the development of genomic resources for the cat that have become available in just the last 5 or 10 years," he said. That includes the complete sequenced genomes of a wide assortment of cats. The researchers also collected DNA samples from cats at spay and neuter clinics.




First, they looked for variants on the X chromosome shared by male orange cats and found 51 candidates. They eliminated 48 of these, as they were also found in some non-orange cats. Of the three remaining variants, one stood out as likely having a role in gene regulation: It was a small deletion that increased the activity of a nearby gene known as Arhgap36.

Unusual expression

"At the time we found it, the Arhgap36 gene had no connection to pigmentation," Kaelin said.

The gene, which is highly conserved in mammalian species, was being studied by researchers in cancer and developmental biology. Arhgap36 is normally expressed in neuroendocrine tissues, where overexpression can lead to tumors. It was not known to do anything in pigment cells.

Except, Kaelin and colleagues discovered, in pumpkin-colored cats.

"Arghap36 is not expressed in mouse pigment cells, in human pigment cells or in cat pigment cells from non-orange cats," Kaelin said. "The mutation in orange cats seems to turn on Arghap36 expression in a cell type, the pigment cell, where it's not normally expressed."

This rogue expression in pigment cells inhibits an intermediate step of a well-known molecular pathway that controls coat color -- the same one that operates in other orange-shaded mammals. In those species, typical orange mutations disrupt an earlier step in that pathway; in cats, sex-linked orange disrupts a later step.

"Certainly, this is a very unusual mechanism where you get misexpression of a gene in a specific cell type," Kaelin said.

Molecular evolution

These efforts to learn how domestic cats acquired different colors and patterns are an entry point to understanding the emergence of other physical traits, from cheetah spots to the streamlined bodies of dolphins. Sex-linked orange is a novel example of how evolution happens on the molecular scale.

"We think it's an example of how genes acquire new functions that allow for adaptation," said Kaelin, who has also studied colors and patterns in dogs, cheetahs, tigers, bears, zebras and hamsters.

In the case of orange cats, the "adaptation" could simply be to our whims. Centuries ago, the rare orange, calico or tortoiseshell cat may have caught the attention of humans, who encouraged their proliferation. Orange cats are now widely distributed throughout the world.

"This is something that arose in the domestic cat, probably early on in the domestication process," Kaelin said. "We know that because there are paintings that date to the 12th century where you see clear images of calico cats. So, the mutation is quite old."

Only skin deep

Besides a marmalade coat, could sex-linked orange be responsible for other qualities in orange cats? "The expectation, based on our observations, is this is highly specific to pigment cells," Kaelin said.

To verify, the researchers also measured Arhgap36 expression in several non-skin tissues -- the kidney, heart, brain and adrenal gland -- and found no differences between orange and non-orange cats.

"I don't think we can exclude the possibility that there is altered expression of the gene in some tissue we haven't tested that might affect behavior," Kaelin conceded. But he thinks orange cats' reputation as friendly agents of chaos is more likely due to most of them being male.

"There are not many scientific studies of the personality of orange cats," he added.

Researchers from Brown University, the Frederick National Laboratory for Cancer Research and Auburn University contributed to the study.

The study received funding from the National Institutes of Health (grant R01AR067925) and the HudsonAlpha Institute for Biotechnology.
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