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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.


      
        Detecting climate change using aerosols
        Researchers analyzed long-term aerosol satellite observation big data focusing on the Pacific Ocean downwind of China. Using a newly developed metric that considered aerosols as tracers, they detected altered atmospheric transport patterns associated with climate change. They observed that the distance of transboundary air pollution moving east from China had shortened. Thus, long-term satellite-based Earth observations are crucial for early climate change detection and accurate evaluation of thi...

      

      
        3D-printed blood vessels bring artificial organs closer to reality
        Lab-grown organs are a long-time 'holy grail' of organ engineering that has yet to be achieved, but new research has brought that goal a big step closer to reality using a new 3D-printing method called co-SWIFT. co-SWIFT prints branching networks of double-layered vessels that are infused with smooth muscle cells and endothelial cells into living human cardiac tissue, and can even replicate patient-specific vascular structures,indicating that it could one day be used for personalized medicine.

      

      
        Electric bandage holds promise for treating chronic wounds
        Researchers have developed an inexpensive bandage that uses an electric field to promote healing in chronic wounds. In animal testing, wounds that were treated with these electric bandages healed 30% faster than wounds treated with conventional bandages.

      

      
        Do smells prime our gut to fight off infection?
        In nematodes and humans, mitochondrial stress in the nervous system initiates a whole-body response that is most pronounced in the gut. A recent study showed that in nematodes, the odor of a pathogen triggers the nervous system to broadcast this response to the rest of the organism, prepping mitochondria in intestinal cells to fight a bacterial infection. Humans, too, may be able to sense pathogenic odors that prepare the gut for an infection.

      

      
        When mammoths roamed Vancouver Island
        Mammoths, the massive pre-historic ice age cousins of the modern-day elephant, have always been understood to have inhabited parts of British Columbia, but the question of when has always been a bit woolly. Now, a new study has given scientists the clearest picture yet when the giant mammals roamed Vancouver Island.

      

      
        Discovering how plants make life-and-death decisions
        Researchers have discovered two proteins that work in tandem to control an important response to cell stress.

      

      
        Scientists lay out revolutionary method to warm Mars
        Ever since we learned that the surface of planet Mars is cold and dead, people have wondered if there is a way to make it friendlier to life. The newly proposed method is over 5,000 times more efficient than previous schemes to globally warm Mars, representing a significant leap forward in our ability to modify the Martian environment.

      

      
        Used concrete transformed into new bricks while trapping CO2
        Researchers have turned concrete from a demolished school building and carbon dioxide (CO2) from the air into new blocks strong enough to build a house with. The process involved grinding the old concrete into powder, reacting it with CO2 from the air, pressurizing it in layers in a mold and finally heating it to form the new block. Instead of making buildings from new concrete only, this technique could offer a way to recycle old materials while also trapping carbon dioxide in the process. The b...

      

      
        Unexpected link between grooming and physiological stress in wild baboons
        New research has found a surprising link between grooming and physiological stress in wild baboons. While grooming often calms, this study suggests it can sometimes elevate stress levels. This gives us an intriguing look into primate behavior and social dynamics.

      

      
        Giant prehistoric flying reptile took off using similar method to bats, study finds
        The pterosaur likely used all four limbs to propel itself in the air, as seen in bats today, researchers have found.

      

      
        Bacterial gut diversity improves the athletic performance of racehorses
        The composition of gut bacteria of Thoroughbred racehorses at one-month-old can predict their future athletic performance, according to a new study. Foals with lower bacterial diversity at 28 days old also had a significantly increased risk of respiratory disease later in life.

      

      
        Type 2 diabetes can be prevented by diet and exercise even in individuals with a high genetic risk
        A new study shows that a healthy diet and regular exercise reduce the risk of type 2 diabetes even in individuals with a high genetic risk. In other words, everyone benefits from lifestyle changes, regardless of genetic risk.

      

      
        Pesticide contamination is more than apple skin deep
        Pesticides and herbicides are critical to ensuring food security worldwide, but these substances can present a safety risk to people who unwittingly ingest them. Protecting human health, therefore, demands sensitive analytical methods to identify even trace levels of potentially harmful substances. Now, researchers have developed a high-tech imaging method to detect pesticide contamination at low levels, and its application on fruits reveals that current food safety practices may be insufficient.

      

      
        'Amphibious' sensors make new, waterproof technologies possible
        Researchers have demonstrated a technique for creating sensors that can function both in air and underwater. The approach paves the way for 'amphibious' sensors with applications ranging from wildlife monitoring to biomedical applications.

      

      
        Social rank may determine if animals live fast, die young
        Social rank may determine whether animals prioritize immediate fitness over long-term health, according to a study. Researchers studied macaques on a Thai island and found that the animals' unusual habit of washing their food is in fact based on social rank. Dominant monkeys quickly brush their food on their fur before eating it, along with mouthfuls of tooth-degrading sand, while lower-ranked monkeys obsessively wash their food in the surf. Citing the disposable soma hypothesis, the researchers ...

      

      
        Blood test can help predict chronic lung disease in preterm babies
        A blood test can help predict which preterm babies will go onto develop chronic lung disease, allowing for earlier diagnosis and more targeted treatments, according to a new study.

      

      
        South Florida estuaries warming faster than Gulf of Mexico, global ocean, USF research shows
        Estuaries in South Florida have experienced rapid warming over the past two decades, including a record-breaking marine heat wave in 2023, research shows. The findings paint a troubling picture for the marine life that calls Florida home. Possible causes include evaporation, water capacity and residence time (the amount of time water spends in an estuary). No single factor has been identified as dominant.

      

      
        New device for on-the-spot water testing
        Researchers at University of Galway have developed a new, portable technology for on-the-spot testing of water quality to detect one of the most dangerous types of bacteria. Ireland regularly reports the highest crude incidence rates of the pathogen Shiga toxigenic Escherichia coli -- STEC for short -- in Europe over the recent years.

      

      
        Walking the walk, scientists develop motion-compatible brain scanner
        An upright neuroimaging device developed by neuroscientists, physicists and engineers allows patients to move around while undergoing a brain scan.

      

      
        Processing traumatic memories during sleep leads to changes in the brain associated with improvement in PTSD symptoms
        Currently, the first-choice treatment for PTSD is exposure-based psychotherapy, where therapists help rewire the emotions associated with the traumatic memory in the patient's brain, shifting from fear and arousal to a more neutral response. However, up to 50% of patients fail to respond well to this treatment. In a new study scientists showed for the first time that reactivating therapeutically-altered memories during sleep leads to more brain activity related to memory processing, which is asso...

      

      
        Most existing heat wave indices fail to capture heat wave severity
        Even though climate change is bringing more frequent and severe heat waves, there is no standard, global way to measure heat-wave severity, and existing indices have different thresholds for defining dangerous heat-stress conditions. Researchers report that five out of six existing heat-wave indices were unable to capture the severity and spatial distribution of recent lethal heat waves in India, Spain, and the USA. The sixth index -- the lethal heat-stress index -- was better able to identify da...

      

      
        Plants offer fruit to insects to disperse dust-like seeds
        Fruit exist to invite animals to disperse the swallowed seeds. A research team found that plants targeting insects rather than birds or mammals for this service are more common than previously thought. These plants produce dust-like seeds and fruit suitable for the minute, ground-dwelling animals.

      

      
        New report on Great Barrier Reef shows coral cover increases before onset of serious bleaching, cyclones
        Coral cover has increased in all three regions on the Great Barrier Reef and is at regional highs in two of the three regions, according to a new report. But the results come with a note of caution.

      

      
        Nasal microbiome: Depriving multi-resistant 'bugs' of iron
        Whether dangerous staphylococci survive in the nose depends on what other bacteria are present -- and how they obtain iron.

      

      
        Drug bypasses suppressive immune cells to unleash immunotherapy
        Immunobiologists found that a subset of immune cells that normally puts the brakes on the immune system to prevent it from attacking the body's healthy cells inadvertently also dampens cancer immunotherapy.

      

      
        Dozing at the wheel? Not with these fatigue-detecting earbuds
        To help protect drivers and machine operators from the dangers of drifting off, engineers have created prototype earbuds that can detect the signs of drowsiness in the brain. In a new study, the researchers show that their Ear EEG platform is sensitive enough to detect alpha waves, a pattern of brain activity that increases when you close your eyes or start to fall asleep.

      

      
        Elephants on the move: Mapping connections across African landscapes
        Elephant conservation is a major priority in southern Africa, but habitat loss and urbanization mean the far-ranging pachyderms are increasingly restricted to protected areas like game reserves. The risk? Contained populations could become genetically isolated over time, making elephants more vulnerable to disease and environmental change.

      

      
        Lonely people tend to have more nightmares, new research shows
        People who are lonely are more apt to have bad dreams.

      

      
        Living with a killer: How an unlikely mantis shrimp-clam association violates a biological principle
        When clams gamble on living with a killer, sometimes their luck may run out, according to a new study.

      

      
        Genetic 'episignatures' guide researchers in identifying causes of unsolved epileptic neurological disorders
        Scientists use DNA methylation patterns as a roadmap for identifying causes of severe epilepsies in children.

      

      
        Scientists reach consensus for fasting terminology
        38 scientists from five continents presented an international consensus on fasting terminology and key definitions. The recent study reflects the increasing popularity of diets tied to fasting and a significant increase in scientific studies of fasting. While the application of fasting is rapidly growing, there was previously no globally established terminology.

      

      
        Researchers dig deeper into stability challenges of nuclear fusion -- with mayonnaise
        Researchers are using mayonnaise to study and address the stability challenges of nuclear fusion by examining the phases of Rayleigh-Taylor instability. Their innovative approach aims to inform the design of more stable fusion capsules, contributing to the global effort to harness clean fusion energy. Their most recent paper explores the critical transitions between elastic and plastic phases in these conditions.

      

      
        New York City's fireworks display prompts temporary surge of air pollution
        In 2023, roughly 60,000 firework shells exploded above Manhattan's East River as part of Macy's Fourth of July show. The resulting air pollutant levels were many times higher in the hours after the display than those seen when smoke from a Canadian wildfire had blanketed the area a month before, according to the results of a new study.

      

      
        What happens to your brain when you drink with friends?
        Grab a drink with friends at happy hour and you're likely to feel chatty, friendly and upbeat. But grab a drink alone and you may experience feelings of depression. Researchers think they now know why this happens.

      

      
        Researchers create new treatment and vaccine for flu and various coronaviruses
        Researchers have discovered new ways of preventing and treating respiratory viruses. In two new papers, the team reports the development and validation of NanoSTING, a nasal spray, as a broad-spectrum immune activator for controlling infection against multiple respiratory viruses; and the development of NanoSTING-SN, a pan-coronavirus nasal vaccine, that can protect against infection and disease by all members of the coronavirus family.

      

      
        People's moral values change with the seasons
        A new psychology study has revealed regular seasonal shifts in people's moral values. The research analyzed survey responses from more than 230,000 people in the U.S. over 10 years and revealed that people's endorsement of moral values that promote group cohesion and conformity is stronger in the spring and fall than it is in the summer and winter. This has potential implications for politics, law and health -- including the timing of elections and court cases.

      

      
        Scientists probe molecular cause of COVID-19 related diarrhea, revealing potential treatments
        Working with human stem cells that form a kind of 'mini intestine-in-a-dish,' scientists say they have found several molecular mechanisms for COVID-19-related diarrhea, suggesting potential ways to control it.

      

      
        Hospital pneumonia diagnoses are uncertain, revised more than half the time, study finds
        An AI-based analysis of over 2 million hospital visits has found that most of the time, a pneumonia diagnosis made in the hospital will change from a patient's entrance to their discharge -- either because someone who was initially diagnosed with pneumonia ended up with a different final diagnosis, or because a final diagnosis of pneumonia was missed when a patient entered the hospital.

      

      
        Researchers find gene which determines marsupial fur color
        Fur is a defining characteristic of mammals, coming in a wide variety of colors and patterns -- thanks to a world-first study, we now know which genes make a marsupial's coat black or grey.

      

      
        Advanced chelators offer efficient and eco-friendly rare earth element recovery
        The world is going to need a lot of weird metals in the coming years, according to chemistry professor. But he isn't talking about lithium, cobalt or even beryllium. He's interested in dysprosium, which is so hidden in the periodic table that you'd be forgiven for thinking he made it up.

      

      
        Soft gold enables connections between nerves and electronics
        Gold does not readily lend itself to being turned into long, thin threads. But researchers have now managed to create gold nanowires and develop soft electrodes that can be connected to the nervous system. The electrodes are soft as nerves, stretchable and electrically conductive, and are projected to last for a long time in the body.

      

      
        Ketogenic Diet may reduce friendly gut bacteria and raise cholesterol levels
        A study reveals that ketogenic low-carbohydrate diets can increase cholesterol levels and reduce beneficial gut bacteria, specifically Bifidobacterium.

      

      
        Sport or snack? How our brain decides
        The brain chemical orexin is crucial when we choose between sport and the tasty temptations that beckon everywhere we turn. This research finding could also help people who find it difficult to motivate themselves to exercise.

      

      
        A new way of thinking about the economy could help protect the Amazon, and help its people thrive
        To protect the Amazon and support the wellbeing of its people, its economy needs to shift from environmentally harmful production to a model built around the diversity of indigenous and rural communities, and standing forests.

      

      
        ALS diagnosis and survival linked to metals in blood, urine
        People with higher levels of metals found in their blood and urine may be more likely to be diagnosed with -- and die from -- amyotrophic lateral sclerosis, or ALS, a new study suggests. Investigators also discovered that participants working in occupations with a higher likelihood of metal exposure had increased levels of metal mixtures in their blood and urine. Researchers say by avoiding high risk activities associated with metal exposures, individuals might lower their overall exposure and po...

      

      
        Carvings at ancient monument may be world's oldest calendars
        Markings on a stone pillar at a 12,000 year-old archaeological site in Turkey likely represent the world's oldest solar calendar, created as a memorial to a devastating comet strike, experts suggest.

      

      
        Heating for fusion: Why toast plasma when you can microwave it!
        Can plasma be sufficiently heated inside a tokamak using only microwaves? New research suggests it can! Eliminating the central ohmic heating coil normally used in tokamaks will free up much-needed space for a more compact, efficient spherical tokamak.

      

      
        Antarctic-wide survey of plant life to aid conservation efforts
        The first continent-wide mapping study of plant life across Antarctica reveals growth in previously uncharted areas and is set to inform conservation measures across the region. The satellite survey of mosses, lichens and algae across the continent will form a baseline for monitoring how Antarctica's vegetation responds to climate change.

      

      
        Smallest arm bone in human fossil record sheds light on the dawn of Homo floresiensis
        A new study reports the discovery of extremely rare early human fossils from the Indonesian island of Flores, including an astonishingly small adult limb bone. Dated to about 700,000 years old, the new findings shed light on the evolution of Homo floresiensis, the so-called 'Hobbits' of Flores whose remains were uncovered in 2003 at Liang Bua cave in the island's west.

      

      
        Meteorin-like protein drains energy from T cells, limiting immune system's power to fight cancer
        A protein called Meteorin-like (METRNL) in the tumor microenvironment saps energy from T cells, thereby severely limiting their ability to fight cancer.
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Detecting climate change using aerosols | ScienceDaily
Researchers analyzed long-term aerosol satellite observation big data focusing on the Pacific Ocean downwind of China. Using a newly developed metric that considered aerosols as tracers, they detected altered atmospheric transport patterns associated with climate change. They observed that the distance of transboundary air pollution moving east from China had shortened. Thus, long-term satellite-based Earth observations are crucial for early climate change detection and accurate evaluation of this trend.


						
Climate change is one of the most significant environmental challenges of present times, leading to extreme weather events, including droughts, forest fires, and floods. The primary driver for climate change is the release of greenhouse gases into the atmosphere due to human activities, which trap heat and raise Earth's temperature. Aerosols (such as particulate matter, PM2.5) not only affect public health but also influence the Earth's climate by absorbing and scattering sunlight and altering cloud properties. Although future climate change predictions are being reported, it is possible that the impacts of climate change could be more severe than predicted. Therefore, it is necessary to detect climate change accurately and as early as possible.

Building on these insights, a research team from Japan, led by Professor Hitoshi Irie from the Center for Environmental Remote Sensing at Chiba University, utilized long-term observational data to study the effect of climate change on transboundary air pollution in the downwind area of China by using aerosols. They utilized a completely unique perspective on how aerosols impact climate and developed a new metric to detect climate change by considering aerosols as tracers.

"The significance of this study lies in the fact that most of its results are derived from observational data. In natural sciences focused on Earth studies, the ultimate goal is to piece together highly accurate data obtained from observations to quantitatively understand the processes occurring on Earth and to pursue immutable truths. Therefore, the more observational data we have, the better. With the continued Earth observations by Japan's major Earth observation satellites (such as the GCOM series, GOSAT series, Himawari series, and ALOS series), we aim to complement these efforts with numerical simulations and data science methodologies to achieve a safe and secure global environment that mitigates the impacts of the climate crisis." explains Prof. Irie.

The research team included Ms. Ying Cai from the Graduate School of Science and Engineering, Chiba University, Dr. Alessandro Damiani from the Center for Climate Change Adaptation, National Institute for Environmental Studies, Dr. Syuichi Itahashi and Professor Toshihiko Takemura from the Research Institute for Applied Mechanics, Kyushu University, and Dr. Pradeep Khatri from Faculty of Science and Engineering, Soka University. Their study was made available online on May 23, 2024, and published in Science of The Total Environment on August 20, 2024.

China is a major contributor to air pollution in East Asia. The downwind area of China analyzed in this study is a unique open ocean area with minimal human interference yet an important zone of transboundary air pollution pathways, making it an ideal location for studying meteorological variations due to climate change.

In their study, the researchers analyzed aerosol optical depth (AOD) datasets derived from satellites, reanalysis datasets, and numerical simulations focused on the Pacific Ocean in the downwind area of China, over 19 years from 2003 to 2021. AOD, a measure of the amount of sunlight blocked by aerosols, is a key factor is analyzing aerosols and their impact on climate change.

The researchers developed a new metric called RAOD which utilized the potential of aerosols as tracers to evaluate the impact of climate change on transboundary air pollution pathways. Using RAOD the researchers were able to quantify significant temporal variations in aerosol transport. They discovered that long-term changes in RAOD due to climate change were outweighed by larger year-to-year variations in the meteorological field. Moreover, seasonal trends showed that aerosols moved west to east during spring and winter, and northward in summer. They concluded that the probability of aerosols from China to be transported far eastward was low, highlighting a shift in transboundary pollution pathways due to global warming. In this study the authors successfully detected climate change using long-term satellite observational data, in contrast to most existing studies that tracked transboundary air pollution using model simulations.

"These results suggest that RAOD is a valuable metric for quantifying the long-term changes in transboundary air pollution pathways due to climate change. These results are particularly significant because most of them are derived from observational data," says Prof. Irie, highlighting the importance of the study. Sharing the future implications of their study he concludes, "The effects of climate change could be more severe than currently predicted. This study will help verify climate change predictions from an unconventional perspective of 'aerosol observation,' enabling a more accurate understanding of climate change progression and implementation of rational countermeasures."

In summary, this study demonstrates an innovative use of aerosols as climate change tracers, marking a significant step forward in the global effort to tackle the pressing issue of climate change.
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3D-printed blood vessels bring artificial organs closer to reality | ScienceDaily
Growing functional human organs outside the body is a long-sought "holy grail" of organ transplantation medicine that remains elusive. New research from Harvard's Wyss Institute for Biologically Inspired Engineering and John A. Paulson School of Engineering and Applied Science (SEAS) brings that quest one big step closer to completion.


						
A team of scientists created a new method to 3D print vascular networks that consist of interconnected blood vessels possessing a distinct "shell" of smooth muscle cells and endothelial cells surrounding a hollow "core" through which fluid can flow, embedded inside a human cardiac tissue. This vascular architecture closely mimics that of naturally occurring blood vessels and represents significant progress toward being able to manufacture implantable human organs. The achievement is published in Advanced Materials.

"In prior work, we developed a new 3D bioprinting method, known as "sacrificial writing in functional tissue" (SWIFT), for patterning hollow channels within a living cellular matrix. Here, building on this method, we introduce coaxial SWIFT (co-SWIFT) that recapitulates the multilayer architecture found in native blood vessels, making it easier to form an interconnected endothelium and more robust to withstand the internal pressure of blood flow," said first author Paul Stankey, a graduate student at SEAS in the lab of co-senior author and Wyss Core Faculty member Jennifer Lewis, Sc.D.

The key innovation developed by the team was a unique core-shell nozzle with two independently controllable fluid channels for the "inks" that make up the printed vessels: a collagen-based shell ink and a gelatin-based core ink. The interior core chamber of the nozzle extends slightly beyond the shell chamber so that the nozzle can fully puncture a previously printed vessel to create interconnected branching networks for sufficient oxygenation of human tissues and organs via perfusion. The size of the vessels can be varied during printing by changing either the printing speed or the ink flow rates.

To confirm the new co-SWIFT method worked, the team first printed their multilayer vessels into a transparent granular hydrogel matrix. Next, they printed vessels into a recently created matrix called uPOROS composed of a porous collagen-based material that replicates the dense, fibrous structure of living muscle tissue. They were able to successfully print branching vascular networks in both of these cell-free matrices. After these biomimetic vessels were printed, the matrix was heated, which caused collagen in the matrix and shell ink to crosslink, and the sacrificial gelatin core ink to melt, enabling its easy removal and resulting in an open, perfusable vasculature.

Moving into even more biologically relevant materials, the team repeated the printing process using a shell ink that was infused with smooth muscle cells (SMCs), which comprise the outer layer of human blood vessels. After melting out the gelatin core ink, they then perfused endothelial cells (ECs), which form the inner layer of human blood vessels, into their vasculature. After seven days of perfusion, both the SMCs and the ECs were alive and functioning as vessel walls -- there was a three-fold decrease in the permeability of the vessels compared to those without ECs.

Finally, they were ready to test their method inside living human tissue. They constructed hundreds of thousands of cardiac organ building blocks (OBBs) -- tiny spheres of beating human heart cells, which are compressed into a dense cellular matrix. Next, using co-SWIFT, they printed a biomimetic vessel network into the cardiac tissue. Finally, they removed the sacrificial core ink and seeded the inner surface of their SMC-laden vessels with ECs via perfusion and evaluated their performance.




Not only did these printed biomimetic vessels display the characteristic double-layer structure of human blood vessels, but after five days of perfusion with a blood-mimicking fluid, the cardiac OBBs started to beat synchronously -- indicative of healthy and functional heart tissue. The tissues also responded to common cardiac drugs -- isoproterenol caused them to beat faster, and blebbistatin stopped them from beating. The team even 3D-printed a model of the branching vasculature of a real patient's left coronary artery into OBBs, demonstrating its potential for personalized medicine.

"We were able to successfully 3D-print a model of the vasculature of the left coronary artery based on data from a real patient, which demonstrates the potential utility of co-SWIFT for creating patient-specific, vascularized human organs," said Lewis, who is also the Hansjorg Wyss Professor of Biologically Inspired Engineering at SEAS.

In future work, Lewis' team plans to generate self-assembled networks of capillaries and integrate them with their 3D-printed blood vessel networks to more fully replicate the structure of human blood vessels on the microscale and enhance the function of lab-grown tissues.

"To say that engineering functional living human tissues in the lab is difficult is an understatement. I'm proud of the determination and creativity this team showed in proving that they could indeed build better blood vessels within living, beating human cardiac tissues. I look forward to their continued success on their quest to one day implant lab-grown tissue into patients," said Wyss Founding Director Donald Ingber, M.D., Ph.D. Ingber is also the Judah Folkman Professor of Vascular Biology at HMS and Boston Children's Hospital and Hansjorg Wyss Professor of Biologically Inspired Engineering at SEAS.

Additional authors of the paper include Katharina Kroll, Alexander Ainscough, Daniel Reynolds, Alexander Elamine, Ben Fichtenkort, and Sebastien Uzel. This work was supported by the Vannevar Bush Faculty Fellowship Program sponsored by the Basic Research Office of the Assistant Secretary of Defense for Research and Engineering through the Office of Naval Research Grant N00014-21-1-2958 and the National Science Foundation through CELL-MET ERC (#EEC-1647837).
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Electric bandage holds promise for treating chronic wounds | ScienceDaily
Researchers have developed an inexpensive bandage that uses an electric field to promote healing in chronic wounds. In animal testing, wounds that were treated with these electric bandages healed 30% faster than wounds treated with conventional bandages.


						
Chronic wounds are open wounds that heal slowly, if they heal at all. For example, sores that occur in some patients with diabetes are chronic wounds. These wounds are particularly problematic because they often recur after treatment and significantly increase the risk of amputation and death.

One of the challenges associated with chronic wounds is that existing treatment options are extremely expensive, which can create additional problems for patients.

"Our goal here was to develop a far less expensive technology that accelerates healing in patients with chronic wounds," says Amay Bandodkar, co-corresponding author of the work and an assistant professor of electrical and computer engineering at North Carolina State University. "We also wanted to make sure that the technology is easy enough for people to use at home, rather than something that patients can only receive in clinical settings."

"This project is part of a bigger DARPA project to accelerate wound healing with personalized wound dressings," says Sam Sia, co-corresponding author of the work and professor of biomedical engineering at Columbia University. "This collaborative project shows that these lightweight bandages, which can provide electrical stimulation simply by adding water, healed wounds faster than the control, at a similar rate as bulkier and more expensive wound treatment."

Specifically, the research team developed water-powered, electronics-free dressings (WPEDs), which are disposable wound dressings that have electrodes on one side and a small, biocompatible battery on the other. The dressing is applied to a patient so that the electrodes come into contact with the wound. A drop of water is then applied to the battery, activating it. Once activated, the bandage produces an electric field for several hours.

"That electric field is critical, because it's well established that electric fields accelerate healing in chronic wounds," says Rajaram Kaveti, co-first author of the study and a post-doctoral researcher at NC State.




The electrodes are designed in a way that allows them to bend with the bandage and conform to the surface of the chronic wounds, which are often deep and irregularly shaped.

"This ability to conform is critical, because we want the electric field to be directed from the periphery of the wound toward the wound's center," says Kaveti. "In order to focus the electric field effectively, you want electrodes to be in contact with the patient at both the periphery and center of the wound itself. And since these wounds can be asymmetrical and deep, you need to have electrodes that can conform to a wide variety of surface features."

"We tested the wound dressings in diabetic mice, which are a commonly used model for human wound healing," says Maggie Jakus, co-first author of the study and a graduate student at Columbia. "We found that the electrical stimulation from the device sped up the rate of wound closure, promoted new blood vessel formation, and reduced inflammation, all of which point to overall improved wound healing."

Specifically, the researchers found that mice who received treatment with WPEDs healed about 30% faster than mice who received conventional bandages.

"But it is equally important that these bandages can be produced at relatively low cost -- we're talking about a couple of dollars per dressing in overhead costs." says Bandodkar.

"Diabetic foot ulceration is a serious problem that can lead to lower extremity amputations," says Aristidis Veves, a co-author of the study and professor of surgery at Beth Israel Deaconess Center. "There is urgent need for new therapeutic approaches, as the last one that was approved by the Food and Drug Administration was developed more than 25 years ago. My team is very lucky to participate in this project that investigates innovative and efficient new techniques that have the potential to revolutionize the management of diabetic foot ulcers."

In addition, the WPEDs can be applied quickly and easily. And once applied, patients can move around and take part in daily activities. This functionality means that patients can receive treatment at home and are more likely to comply with treatment. In other words, patients are less likely to skip treatment sessions or take shortcuts, since they aren't required to come to a clinic or remain immobile for hours.




"Next steps for us include additional work to fine-tune our ability to reduce fluctuations in the electric field and extend the duration of the field. We are also moving forward with additional testing that will get us closer to clinical trials and -- ultimately -- practical use that can help people," says Bandodkar.

The paper, "Water-powered, electronics-free dressings that electrically stimulate wounds for rapid wound closure," will be published Aug. 7 in the open-access journal Science Advances. The paper's co-authors include Henry Chen, an undergraduate in the joint biomedical engineering department at NC State and UNC; Bhavya Jain, Navya Mishra, Nivesh Sharma and Baha Erim Uzuno?lu, Ph.D. students at NC State; Darragh Kennedy and Elizabeth Caso of Columbia; Georgios Theocharidis and Brandon Sumpio of Beth Israel Deaconess Medical Center; Won Bae Han of Korea University and the Georgia Institute of Technology; Tae-Min Jang of Korea University; and Suk-Won Hwang of Korea University and the Korea Institute of Science and Technology.

This work was done with support from the Defense Advanced Research Projects Agency under grant D20AC00004 and from the Center for Advanced Self-Powered Systems of Integrated Sensors and Technologies at NC State, which is funded by National Science Foundation grant 1160483. Bandodkar and Kaveti are inventors on a patent application related to this work.
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Do smells prime our gut to fight off infection? | ScienceDaily
Many organisms react to the smell of deadly pathogens by reflexively avoiding them. But a recent study from the University of California, Berkeley, shows that the nematode C. elegans also reacts to the odor of pathogenic bacteria by preparing its intestinal cells to withstand a potential onslaught.


						
As with humans, nematodes' guts are a common target of disease-causing bacteria. The nematode reacts by destroying iron-containing organelles called mitochondria, which produce a cell's energy, to protect this critical element from iron-stealing bacteria. Iron is a key catalyst in many enzymatic reactions in cells -- in particular, the generation of the body's energy currency, ATP (adenosine triphophate).

The presence in C. elegans of this protective response to odors produced by microbes suggests that the intestinal cells of other organisms, including mammals, may also retain the ability to respond protectively to the smell of pathogens, said the study's senior author, Andrew Dillin, UC Berkeley professor of molecular and cell biology and a Howard Hughes Medical Institute (HHMI) investigator.

"Is there actually a smell coming off of pathogens that we can pick up on and help us fight off an infection?" he said. "We've been trying to show this in mice. If we can actually figure out that humans smell a pathogen and subsequently protect themselves, you can envision down the road something like a pathogen-protecting perfume."

So far, however, there's only evidence of this response in C. elegans. Nevertheless, the new finding is a surprise, considering that the nematode is one of the most thoroughly studied organisms in the laboratory. Biologists have counted and tracked every cell in the organism from embryo to death.

"The novelty is that C. elegans is getting ready for a pathogen before it even meets the pathogen," said Julian Dishart, who recently received his UC Berkeley Ph.D. and is the first author of the study. "There's also evidence that there's probably a lot more going on in addition to this mitochondrial response, that there might be more of a generalized immune response just by smelling bacterial odors. Because olfaction is conserved in animals, in terms of regulating physiology and metabolism, I think it's totally possible that smell is doing something similar in mammals as it's doing in C. elegans."

The work was published June 21 in the journal Science Advances.




Mitochondria communicate with one another

Dillin is a pioneer in studying how stress in the nervous system triggers protective responses in cells -- in particular, the activation of a suite of genes that stabilize proteins made in the endoplasmic reticulum. This activation, the so-called unfolded protein response (UPR), is "like a first aid kit for the mitochondria," he said.

Mitochondria are not only the powerhouses of the cell, burning nutrients for energy, but also play a key role in signaling, cell death and growth.

Dillin has shown that errors in the UPR network can lead to disease and aging, and that mitochondrial stress in one cell is communicated to the mitochondria of cells throughout the body.

One key piece of the puzzle was missing, however. If the nervous system can communicate stress through a network of neurons to the cells doing the day-to-day work of protein building and metabolism, what in the environment triggers the nervous system?

"Our nervous system evolved to pick up on cues from the environment and create homeostasis for the entire organism," Dillin said. "Julian actually figured out that smell neurons are picking up environmental cues and which types of odorants from the pathogens turn on this response."

Previous work in Dillin's lab showed the importance of smell in mammalian metabolism. When mice are deprived of smell, he found, they gained less weight while eating the same amount of food as normal mice. Dillin and Dishart suspect that the smell of food may trigger a protective response, like the response to pathogens, in order to prepare the gut for the damaging effects of ingesting foreign substances and converting that food to fuel.




"Surviving infections was the most important thing we did evolutionarily," Dillin said. "And the most risky and taxing thing we do every single day is eat, because pathogens are going to be in our food."

"When you eat food, it's also incredibly stressful, because the body is metabolizing the food but also generating ATP in the mitochondria from the nutrients that they're incorporating. And that generation of ATP causes a by-product called reactive oxygen species, which is very damaging to cells," Dishart said. "Cells have to deal with this increased existence of reactive oxygen species. So perhaps smelling food can prepare us to deal with that enhanced reactive oxygen species load."

Dillin speculates further that mitochondria's sensitivity to the smell of pathogenic bacteria may be a holdover from an era when mitochondria were free-living bacteria, before they were incorporated into other cells as power plants to become eukaryotes some 2 billion years ago. Eukaryotes eventually evolved into multicellular organisms with differentiated organs -- so-called metazoans, like animals and humans.

"There's a lot of evidence that bacteria sense their environment in some way, though it's not always clear how they do it. These mitochondria have retained one aspect of that after being subsumed into metazoans," he said.

In his experiments with C. elegans, Dishart found that the smell of pathogens triggers an inhibitory response, which unleashes a signal to the rest of the body. This became clear when he ablated olfactory neurons in the worm and found that all peripheral cells, but primarily intestinal cells, showed the stress response typical of mitochondria that are being threatened. This study and others also showed that serotonin is a key neurotransmitter communicating this information throughout the body.

Dillin and his lab colleagues are tracking the neural circuits that lead from smell neurons to peripheral cells and the neurotransmitters involved along the way. And he's looking for a similar response in mice.

"I always hate it when I get sick. I'm like, 'Body, why didn't you prepare for this better?' It seems really stupid that you turn on response mechanisms only once you're infected," Dillin said. "If there are earlier detection mechanisms to increase our chances of survival, I think that's a huge evolutionary win. And if we could harness that biomedically, that would be pretty wild."

Other UC Berkeley authors of the paper are Corinne Pender, Koning Shen, Hanlin Zhang, Megan Ly and Madison Webb. The work is supported by HHMI and the National Institutes of Health (R01ES021667, F32AG065381, K99AG071935).
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When mammoths roamed Vancouver Island | ScienceDaily
Mammoths, the massive pre-historic ice age cousins of the modern-day elephant, have always been understood to have inhabited parts of British Columbia, but the question of when has always been a bit woolly.


						
Now, a new study from Simon Fraser University has given scientists the clearest picture yet when the giant mammals roamed Vancouver Island.

As part of SFU researcher Laura Termes' PhD and published earlier this month in the Canadian Journal of Earth Sciences, the study examined 32 suspected mammoth samples collected on Vancouver Island. Of those samples, just 16 were deemed suitable for radiocarbon dating.

The youngest sample was found to be around 23,000 years old and the oldest turned out to be beyond the range radiocarbon dating could measure, meaning it was older than 45,000 years.

Prior to the study, only two mammoth remains found on Vancouver Island had ever been dated before. Both lived around 21,000 years ago, so the Termes' study provides a greater understanding of when the massive mammals lived in the area.

"This is really exciting because it shows that mammoths have lived on Vancouver Island for a long time," says Termes, a PhD candidate in the Department of Archaeology. "We were expecting similar results [to the two samples previously dated] but what we found were mammoths that were much older. It is fantastic that they could be preserved for that long."

Termes says having the curatorial support at the Royal BC Museum and the Courtenay and District Museum and Palaeontology Centre allowing access to their collections was invaluable to the study.




"This research highlights the important role of museum collections for understanding how life has evolved and changed in British Columbia's deep history," says Victoria Arbour, curator of palentology at the Royal BC Museum. "It's great to see Woolly's relatives in the Royal BC Museum's collections in the spotlight through this research study."

The UBC ADaPT Facility (which was instrumental in helping determine if samples were indeed mammoths and not whales or other animals) also played an important role in the research, Termes says.

And archaeologists need all the help they can get because while mammoths were enormous, finding intact samples in British Columbia is actually quite rare.

"When we imagine great big giant animals of the last ice age being found, we might have imagined fully articulated and complete skeletons being systematically excavated. But in southern B.C., that simply does not happen," says Termes. "Instead, we may get an isolated molar that's been tumbled around in the water for a long time, or maybe a piece of a tusk. And these are what everyday people are encountering."

For example, one sample she examined was a piece of mammoth tooth found by a child in the gravel at a local playground.

"So maybe it's a dog owner, taking their puppy for a walk on a rainy day, or a gravel pit operator at work," says Termes, who grew up in Qualicum Beach. "I really like how these magnificent animals are finding their way into people's lives in routine and everyday ways."

Termes says the study is part of a larger look at megafauna in B.C. and she plans on radiocarbon dating mammoth samples from other parts of the province.
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Discovering how plants make life-and-death decisions | ScienceDaily
Researchers at Michigan State University have discovered two proteins that work together to determine the fate of cells in plants facing certain stresses.


						
Ironically, a key discovery in this finding, published recently in Nature Communications, was made right as the project's leader was getting ready to destress.

Postdoctoral researcher Noelia Pastor-Cantizano was riding a bus to the airport to fly out for vacation, when she decided to share a promising result she had helped gather a day earlier.

"I didn't want to wait ten days until I came back to send it. It took almost two years to get there," said Pastor-Cantizano, who then worked in the Brandizzi lab in the MSU-DOE Plant Research Laboratory, or PRL.

"That's what I remember at the moment," Pastor-Cantizano said. "I was thinking 'I can relax now, at least for one week.'

Pastor-Cantizano had been working identify a gene in the model plant Arabidopsis that could control the plants response to stressors, which can lead to the plant's death. She and her collaborators had identified a protein in Arabidopsis that seemed to control whether a plant would live or die under stress conditions.

Having identified the gene was just the beginning of the story, despite being years into the journey. It would take five more years to get to this new paper.




The researchers discovered that the proteins BON-associated protein2, or BAP2, and inositol-requiring enzyme 1, or IRE1, work together when dealing with stress conditions -- a matter of life and death for plant cells.

Understanding how these proteins function can help researchers breed plants that are more resilient to death conditions.

Creating plants that are more resistant to endoplasmic reticulum stress, or ER stress, has widespread implications in agriculture. If crops can be made to be more resilient in the face of drought or heat conditions, the plants stand a better chance of surviving and thriving, despite the changing climate.

"Research in our lab is fueled by enthusiasm and gratitude to be able to make important contributions to science," said Federica Brandizzi, MSU Research Foundation Professor in the Department of Plant Biology and at the PRL. "The work was herculean, and has been possible only thanks to the patience, enthusiasm and dedication of a wonderful team. Noelia was simply fantastic."

Working in tandem

Within eukaryotic cells is an organelle known as the endoplasmic reticulum, or ER. It creates proteins and folds them into shapes the cell can utilize. Like cutting up vegetables to use in a recipe, the proteins must be formed into the right shape before they can be used.




Protein making and protein folding capacity must be in balance, like a sous chef and a chef, working in tandem. If the sous chef is providing the chef with too little or too many ingredients, it throws off the balance in the kitchen.

When the ER cannot properly do its job, or the balance is thrown off, it enters a state known as ER stress. The cell will jumpstart a mechanism known as the unfolded protein response, or UPR, to decide what to do next. If the problem can be resolved, the cell will initiative life saving measures to resolve the problem. If it cannot be, the cell begins to shut down, ending its and potentially the plant's life.

It was known that the enzyme IRE1 was responsible for directing the mechanisms that would either save the cell or kill it off.

But what calls IRE1 to action?

In this study, the Brandizzi lab researchers were searching for the master regulator of these pro-death processes, known as programmed cell death.

"I had the idea because I read that irritable bowel disease is linked to a mutation in a gene controlled by IRE1 that occurs among humans," Brandizzi said. "Humans are diverse and so are plants. So I thought to look into plant diversity as a source of new important findings in the UPR."

The researchers started by looking at hundreds of accessions, or plants of the same species but specific to one locale. For example, a plant that grows in Colombia will have genetic variations to the same species of plant that grows in Spain, and the ways they each respond to stress conditions could differ.

They found extensive variation in the response to ER stress between the different accessions. Taking the accessions whose responses were the most dissimilar, they tried to identify the differences in their genomes. This is where the BAP2 gene candidate came into play.

"We found that BAP2 responds to ER stress," said Pastor-Cantizano, who is currently a postdoc at the University of Valencia. "And the cool thing is that it is able to control and modify the activity of IRE1. But also IRE1 is able to regulate BAP2 expression."

BAP2 and IRE1 work together, signaling to each other what the best course of action for the cell is. Having one without the other results in the death of the plant when the ER homeostasis is unbalanced.

Seven years

From start to finish, this project took over seven years of dedicated work.

Day in and out, the researchers spent their time tediously placing seeds onto plates with a medium in which they could grow. Arabidopsis seeds are not much larger than grains of sand at their smallest, so this was delicate work that required time and attention.

From there, the researchers spent several more months with these plants, looking at the accessions offsprings and identifying how BAP2 worked within the plants. This took another few years.

"It has been a long road with its obstacles, but it has been worth it," said Pastor-Cantizano. "When I started this project, I couldn't imagine how it would end."

This work was funded by the National Institutes of Health, with contributing support from Chemical Sciences, Geoscience and Biosciences Division, Office of Basic Energy Sciences, Office of Science, U.S. Department of Energy; the Great Lakes Bioenergy Research Center, U.S. Department of Energy, Office of Science, Office of Biological and Environmental Research; and MSU AgBioResearch. Additional contributing support comes from the Generalitat Valenciana, "European Union NextGenerationEU/PRTR."
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Scientists lay out revolutionary method to warm Mars | ScienceDaily
Ever since we learned that the surface of planet Mars is cold and dead, people have wondered if there is a way to make it friendlier to life.


						
In a groundbreaking study published Aug. 7 in Science Advances, researchers from the University of Chicago, Northwestern University, and the University of Central Florida have proposed a revolutionary approach towards terraforming Mars. This new method, using engineered dust particles released to the atmosphere, could potentially warm the Red Planet by more than 50 degrees Fahrenheit, to temperatures suitable for microbial life -- a crucial first step towards making Mars habitable.

The proposed method is over 5,000 times more efficient than previous schemes to globally warm Mars, representing a significant leap forward in our ability to modify the Martian environment.

What sets this approach apart is its use of resources readily available on Mars, making it far more feasible than earlier proposals that relied on importing materials from Earth or mining rare Martian resources.

This strategy would take decades. But it appears logistically easier than other plans proposed so far.

"This suggests that the barrier to warming Mars to allow liquid water is not as high as previously thought," said Edwin Kite, an associate professor of geophysical sciences at the University of Chicago and corresponding author on the study. The lead author was Samaneh Ansari, a graduate student in Prof. Hooman Mohseni's group at Northwestern University.

Astronauts still won't be able to breathe Mars' thin air; making the planet suitable for humans to walk on the surface unaided requires much more work. But perhaps groundwork could be laid, by making the planet habitable for microbes and food crops that could gradually add oxygen to the atmosphere -- much as they have done for Earth during its geologic history.




A new approach to an age-old dream

There is a rich history of proposals to make Mars habitable; Carl Sagan himself came up with one back in 1971. These have ranged from outright daydreams, such as science fiction writers depicting turning one of Mars' moons into a sun, to more recent and scientifically plausible ideas, such as engineering transparent gel tiles to trap heat.

Any plan to make Mars habitable must address several hurdles, including deadly UV rays and salty soil. But the biggest is the planet's temperature; the surface of Mars averages about -80 degrees Fahrenheit.

One strategy to warm the planet could be the same method that humans are unintentionally using here on Earth: releasing material into the atmosphere, which would enhance Mars' natural greenhouse effect, trapping solar heat at the surface.

The trouble is that you would need tons of these materials -- literally. Previous schemes depended on bringing gases from Earth to Mars, or attempting to mine Mars for a large mass of ingredients that aren't very common there -- both are costly and difficult propositions. But the team wondered whether it could be done by processing materials that already exist abundantly on Mars.

We know from rovers like Curiosity that dust on Mars is rich in iron and aluminum. By themselves, those dust particles aren't suitable to warm the planet; their size and composition mean they tend to cool the surface slightly rather than warm it. But if we engineered dust particles that had different shapes or compositions, the researchers hypothesized, perhaps they could trap heat more efficiently.




The researchers designed particles shaped like short rods -- similar in size to commercially available glitter. These particles are designed to trap escaping heat and scatter sunlight towards the surface, enhancing Mars' natural greenhouse effect.

"How light interacts with sub-wavelength objects is fascinating. Importantly, engineering

nanoparticles can lead to optical effects that far exceed what is conventionally expected from

such small particles," said Ansari. Mohseni, who is a co-author, believes that they have just scratched the surface: "We believe it is possible to design nanoparticles with higher efficiency, and even those that can dynamically change their optical properties."

"You'd still need millions of tons to warm the planet, but that's five thousand times less than you would need with previous proposals to globally warm Mars," said Kite. "This significantly increases the feasibility of the project."

Calculations indicate that if the particles were released into Mars' atmosphere continuously at 30 liters per second, the planet would warm by more than 50 degrees Fahrenheit -- and the effect could be noticeable within as soon as months. Similarly, the warming would be reversible, stopping within a few years if release was switched off.

Potential impact and future research

Much work remains to be done, the scientists said. We don't know exactly how fast the engineered dust would cycle out of Mars' atmosphere, for example. Mars does have water and clouds, and, as the planet warms, it's possible that water would increasingly start to condense around the particles and fall back to the surface as rain.

"Climate feedbacks are really difficult to model accurately," Kite cautioned. "To implement something like this, we would need more data from both Mars and Earth, and we'd need to proceed slowly and reversibly to ensure the effects work as intended."

While this method represents a significant leap forward in terraforming research, the researchers emphasize that the study focuses on warming Mars to temperatures suitable for microbial life and possibly growing food crops -- not on creating a breathable atmosphere for humans.

"This research opens new avenues for exploration and potentially brings us one step closer to the long-held dream of establishing a sustainable human presence on Mars," said Kite.

Ansari is the lead author of the study. Other coauthors of the study were Ramses Ramirez of the University of Central Florida and Liam Steele, formerly a postdoctoral researcher at UChicago, now with the European Center for Medium-Range Weather Forecasts.

The authors used the Quest high-performance computing facility at Northwestern and the University of Chicago Research Computing Center.
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Used concrete transformed into new bricks while trapping CO2 | ScienceDaily
Researchers led by a team at the University of Tokyo have turned concrete from a demolished school building and carbon dioxide (CO2) from the air into new blocks strong enough to build a house with. The process involved grinding the old concrete into powder, reacting it with CO2 from the air, pressurizing it in layers in a mold and finally heating it to form the new block. Instead of making buildings from new concrete only, this technique could offer a way to recycle old materials while also trapping carbon dioxide in the process. The blocks could theoretically be remade again and again, through the same process.


						
A few years ago, researchers developed a new kind of concrete, which had the potential to reduce greenhouse gases and reuse waste from the construction industry.

The project was named C4S, which stands for Calcium Carbonate Circulation System for Construction, and led by Professor Takafumi Noguchi, as project manager, with Professor Ippei Maruyama leading on material development. Both researchers are from the Department of Architecture at the University of Tokyo. Together with a team they developed a method to combine old concrete with carbon dioxide, taken from the air or industrial exhaust, to create a new, durable material called calcium carbonate concrete. However, the resulting blocks were only a few centimeters long.

Now, they have taken this technology to the next level.

"We can make calcium carbonate concrete bricks large and strong enough to build regular houses and pavements," said Maruyama. "These blocks can theoretically be used semipermanently through repeated crushing and remaking, a process which requires relatively low energy consumption. Now, concrete in old buildings can be thought of as a kind of urban mine for creating new buildings."

Limestone is a key ingredient in Portland cement, which is typically used to make concrete. The rock provides durability and strength, while improving workability. However, limestone reserves are limited, and in some countries more than others, such as Japan. So attention is switching from creating new materials to maintaining and reusing what is already available.

"We are trying to develop systems that can contribute to a circular economy and carbon neutrality. In Japan, the current demand for construction material is less than in the past, so it is a good time to develop a new type of construction business, while also improving our understanding of this vital material through our research," explained Maruyama.

Demolished concrete from a school building was crushed into a fine powder, sieved and then carbonated over three months. Carbonation is usually a slow, natural process which occurs when compounds in concrete, such as portlandite and calcium silicate hydrate, react with CO2 in the air to form calcium carbonate. The researchers performed a sped-up version of this process to recreate the same kind of concrete you would find in older buildings. This was to test that they could still make strong new blocks even from older concrete.

The carbonated powder was then pressurized with a calcium bicarbonate solution and dried. In their previous experiment, the team created calcium carbonate concrete by pouring a bicarbonate solution through carbonated concrete powder and heating it. In this updated version, as well as heating the material, the team built the concrete up in layers in a mold, which compacted it under pressure. They found this enhanced the strength of the blocks.

"As part of the C4S project, we intend to construct a real two-story house by 2030," said Maruyama. "Over the next few years, we also plan to move to a pilot plant, where we can improve production efficiency and industrial application, and work on creating much larger building elements, as we move towards making this material commercially available."
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Unexpected link between grooming and physiological stress in wild baboons | ScienceDaily
A new study from Swansea University has revealed a surprising relationship between grooming behaviour and physiological stress in wild female baboons, addressing a crucial gap in our understanding of how sociality is linked to health and fitness in animals.


						
Published in the journal Biology Letters, the researchers studied wild chacma baboons in South Africa. Tracking collars with motion sensors provided data on how much time each baboon spent giving or receiving grooming. The baboons' physiological stress levels were estimated by measuring concentrations of glucocorticoid metabolites in their faeces.

Consistent with previous work, the team found that higher average grooming rates were linked to lower average stress levels, suggesting that grooming has long-term positive effects on health and fitness. However, when the researchers time-matched the high-resolution grooming and physiological stress data, they found that when baboons spent more time grooming (both giving and receiving), higher physiological stress levels followed, contrary to expectations.

This finding suggests that the long-term positive link between physiological stress and grooming is unlikely to be subserved by grooming itself because, in the short term, grooming is physiologically costly.

High-resolution grooming data from collars can now be used to study how this short-term hormone-behaviour relationship might change across environmental and social contexts and, if deployed in other social animals, confirm how widespread this phenomenon is.

Dr Charlotte Christensen, a former Swansea University PhD student now based at the University of Zurich, commented: "Our findings challenge the conventional view that grooming is purely relaxing and suggest that the immediate physiological costs may be outweighed by long-term fitness benefits."

Senior author Dr Ines Furtbauer, head of the Behavioural Ecology & Endocrinology lab at Swansea University, emphasised the broader implications: "This study provides valuable insights into the proximate mechanisms of social bonding and stress regulation. Understanding these dynamics can help us better comprehend the health and survival strategies of social animals."

This research highlights the importance of exploring the link between social behaviours and physiological stress at different time scales, with sometimes counterintuitive results, contributing to the ongoing debate about the costs and benefits of sociality in animals.
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Giant prehistoric flying reptile took off using similar method to bats, study finds | ScienceDaily
The pterosaur likely used all four limbs to propel itself in the air, as seen in bats today, researchers have found.


						
The findings, published today in PeerJ, provide new insights into how pterosaurs managed to take flight despite reaching sizes far larger than modern animals. The research sheds new light on the flight initiating jumping ability of these animals, some of which had wingspans of over ten meters.

The study, carried out by scientists at the University of Bristol, Liverpool John Moores University, Universidade Federal do ABC and the University of Keele, follows years of analysis and modelling of how muscles interact with bones to create movement in other animals and is now being used to start answering the question of how the largest flying animals known managed to get off the ground.

The team created the first computer model for this kind of analysis of a pterosaur to test three different ways pterosaurs may have taken off: a vertical burst jump using just the legs like those used by primarily ground-dwelling birds, a less vertical jump using just the legs more similar to the jump used by birds that fly frequently, and a four-limbed jump using its wings as well in a motion more like the take-off jump of a bat. By mimicking these motions, the researchers aimed to understand the leverage available to push the animal into the air.

"Larger animals have greater challenges to overcome in order to fly making the ability of animals as large as pterosaurs to do so especially fascinating." Dr Ben Griffin, the lead author of the study, said. "Unlike birds which mainly rely on their hindlimbs, our models indicate that pterosaurs were more likely to rely on all four of their limbs to propel themselves into the air."

This study examines one of the long-standing questions about the underlying biomechanics of pterosaur. This research not only enhances the understanding of pterosaur biology but also provides broader insights into the limits and dynamics of flight in large animals. By comparing pterosaurs with modern birds and bats, the study highlights the remarkable evolutionary solutions to the challenge of powered flight.
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Bacterial gut diversity improves the athletic performance of racehorses | ScienceDaily
The composition of gut bacteria of Thoroughbred racehorses at one-month-old can predict their future athletic performance, according to a new study from the University of Surrey. Foals with lower bacterial diversity at 28 days old also had a significantly increased risk of respiratory disease later in life.


						
Researchers from Surrey's School of Veterinary Medicine and School of Bioscience, led by Professor Chris Proudman, investigated the composition of gut bacteria in Thoroughbred foals bred for flat racing and its impact on their long-term health and athletic performance.

To investigate this, 438 faecal samples from 52 foals were analysed and respiratory, gastrointestinal, orthopaedic and soft-tissue health issues were tracked from birth to age three. In addition, the team analysed information regarding finishing position, official rating, and total prize money earnings as measures of athletic performance.

Professor Chris Proudman, Professor of Veterinary Clinical Science at the School of Veterinary Medicine at the University of Surrey, said:

"Minimising the risk of disease and injury is important for the welfare of racehorses, and maximising their athletic potential is important for their owners. We have found that gut health, in particular the health of gut bacterial communities very early in life, exerts a profound and enduring impact on racehorse health and performance."

Researchers found that the athletic performance of the foals was positively associated with higher faecal bacterial diversity at one month old. They identified that a higher abundance of the bacteria Anaeroplasmataceae was associated with a higher official rating (an evaluation of a horse based on its past performances), and increased levels of Bacillaceae at 28 days oldwere linked to higher race placings.

The team also investigated the long-term impact of foals receiving antibiotics during the first month of life. It was found that these foals had significantly lower faecal bacterial diversity at 28 days old compared to other foals who did not receive such treatments. Further analysis revealed that these foals won significantly lower prize money earnings (an indicator of athletic performance) in their subsequent racing careers. In addition, foals who received antibiotics during their first 28 days of life had a significantly increased rate of developing a respiratory disease compared to their counterparts.




Professor Roberto La Ragione, co-investigator from the School of Bioscience at the University of Surrey, said:

"Antibiotics are vital in treating infections and protecting the long-term health of foals; they do, however, need to be used responsibly. Our study demonstrates that treatment with antibiotics can disrupt the healthy gut microbiome with long-term impacts on health and performance. The next part of our study will examine how we can minimise disruption of gut bacteria when antibiotics have to be used to treat infections."

Interestingly, researchers also identified that low gut bacterial diversity in early life is associated with an increased risk of soft-tissue and orthopaedic issues developing later in life. Researchers believe that the health impacts of low gut bacterial diversity in early life are likely to be related to immunological priming. The reasons underlying the observed negative impacts on racehorse performance are currently not understood.

Dr Kirsten Rausing, Chairman of the International Thoroughbred Breeders Federation and, through her ALBORADA Trust, study sponsor, commented

"This ground-breaking study has identified the importance of gut health in our very young foals. As breeders, if we can get this right, we will produce foals that will be healthier, and that will grow into more successful racehorses."

Work is currently underway to develop novel probiotics that will enhance the gut health of foals in early life and to investigate how antibiotics can be used whilst preserving gut health.

Notes 
    	Due to the nature of the study-specific horses, their official race positions or training yards cannot be identified
    	Foals came from 5 stud farms and were in training at 27 different training yards across the country
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Type 2 diabetes can be prevented by diet and exercise even in individuals with a high genetic risk | ScienceDaily
A new study from the University of Eastern Finland is the first in the world to show that a healthy diet and regular exercise reduce the risk of type 2 diabetes even in individuals with a high genetic risk. In other words, everyone benefits from lifestyle changes, regardless of genetic risk.


						
Type 2 diabetes is a global problem. According to the International Diabetes Federation, IDF, one in eleven adults worldwide has diabetes, with type 2 diabetes accounting for 90 per cent of the cases. To date, researchers have identified more than 500 genetic variants that predispose individuals to type 2 diabetes, but lifestyle factors, too, affect the risk of developing the disease. Significant lifestyle-related risk factors include overweight, low intake of dietary fibre, high intake of saturated fats, and lack of exercise. Previous studies have shown that type 2 diabetes can be effectively prevented by lifestyle changes, but it has not been explored whether the disease can be prevented even in individuals carrying numerous genetic variants that predispose them to type 2 diabetes.

The T2D-GENE Trial was a three-year lifestyle intervention that involved nearly 1,000 men aged 50 to 75 in eastern Finland. All those invited to the study had elevated fasting glucose at baseline. The lifestyle intervention group included more than 600 men, and the rest served as a control group. Men in the intervention group received guidance on health-promoting lifestyles in group meetings, and they were supported by a web portal designed for the study. Those invited to the study belonged either to the lowest or the highest tertile in terms of genetic risk, i.e., they had either a high or a low risk of developing type 2 diabetes. Genetic risk was determined based on 76 gene variants known to predispose to type 2 diabetes. During the intervention, neither the study participants nor the researchers knew to which genetic risk group the participants belonged. All those who participated in the intervention received the same lifestyle guidance.

Men participating in the lifestyle intervention were able to significantly improve the quality of their diet. They increased their intake of dietary fibre, improved the quality of fats in their diet and increased their consumption of vegetables, fruits and berries. Weight loss was also observed, although this was not an actual weight loss study. The participants were physically very active already at baseline, and they managed to maintain their good exercise habits throughout the study. With these changes, it was possible to reduce the deterioration of glucose metabolism. The prevalence of type 2 diabetes was significantly lower in the lifestyle intervention group than in the control group. The effects of lifestyle changes were equally significant for individuals regardless of whether they had a low or a high genetic risk.

"These findings encourage everyone to make lifestyle changes that promote health. Furthermore, they demonstrate the effectiveness of group- and internet-based lifestyle guidance, which saves healthcare resources," says University Lecturer, Docent Maria Lankinen of the University of Eastern Finland, the first author of the study.
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Pesticide contamination is more than apple skin deep | ScienceDaily
Pesticides and herbicides are critical to ensuring food security worldwide, but these substances can present a safety risk to people who unwittingly ingest them. Protecting human health, therefore, demands sensitive analytical methods to identify even trace levels of potentially harmful substances. Now, researchers reporting in ACS' Nano Letters have developed a high-tech imaging method to detect pesticide contamination at low levels, and its application on fruits reveals that current food safety practices may be insufficient.


						
The analytical method called surface-enhanced Raman spectroscopy (SERS) is gaining popularity as a nondestructive method for detecting chemicals from modern farming on produce. With SERS, metal nanoparticles or nanosheets are used to amplify the signals created by molecules when they are exposed to a Raman laser beam. The patterns created by the metal-enhanced scattered light serve as molecular signatures and can be used to identify small amounts of specific compounds. Looking to improve SERS sensitivity for pesticide detection, Dongdong Ye, Ke Zheng, Shaobo Han and colleagues designed a metal-coated membrane they could lay atop farm-grown produce. They also wanted to develop the material to be versatile enough to accommodate an array of other applications.

The researchers started with a cellulose hydrogel film, which they stretched to form aligned nanoscale wrinkles along its surface. They then immersed the film in a solution of silver nitrate to coat the grooves with SERS-enhancing silver nanoparticles. The resulting membrane was highly flexible and practically transparent in visible light, essential features for SERS signal detection.

In tests of the silver-embedded membrane for food safety applications, the researchers sprayed the pesticides thiram and carbendazim, alone or together, onto apples, air-dried the fruits and then washed them to mimic everyday practices. When they laid their membrane over the apples, SERS detected pesticides on the apples, even though the chemicals were present at low concentrations. The team was also able to clearly resolve scattered-light signatures for each pesticide on apples sprayed with both thiram and carbendazim, as well as detect pesticide contamination through the fruit's peel and into the outermost layer of pulp.

These results suggest that washing alone could be insufficient to prevent pesticide ingestion and that peeling would be required to remove potential contamination in the skin and outer pulp, the researchers say. Beyond apples, they also used the SERS membrane system to detect pesticides on cucumbers, shrimp, chili powder and rice.
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'Amphibious' sensors make new, waterproof technologies possible | ScienceDaily
Researchers have demonstrated a technique for creating sensors that can function both in air and underwater. The approach paves the way for "amphibious" sensors with applications ranging from wildlife monitoring to biomedical applications.


						
The new findings are focused on strain sensors, which measure deformation -- meaning they can be used to measure how things stretch, bend and move.

"For example, there is interest in creating strain sensors that can be used in biomedical applications -- such as sensors that can be used to observe the behavior of blood vessels and other biological systems," says Shuang Wu, first author of a paper on the work and a postdoctoral researcher at North Carolina State University. "Other possible applications include creating sensors that can measure how fish move underwater, monitor health in wildlife, and so on."

"However, a big challenge when creating such wearable or implantable strain sensors is ensuring that the sensors can perform in wet environments," says Yong Zhu, corresponding author of the paper and the Andrew A. Adams Distinguished Professor of Mechanical and Aerospace Engineering at NC State.

"Our goal with this work was to create sensors that would last a long time in a wet environment without sacrificing the performance of the sensor," Wu says.

With that goal in mind, the research team began by utilizing a sensitive strain sensor the team developed in late 2022. The researchers then sandwiched the sensor between two thin films made of a highly elastic, waterproof polymer.

The polymer encapsulates the sensor. This keeps water out but does not restrict the movement of the sensor material like most other encapsulations due to its unique interface design. This gives the sensor the desired sensitivity and stretchability. The sensor can be connected to a small chip that transmits data wirelessly.




"In experiments, we found the amphibious sensors were sensitive and had a fast response time," says Wu. "And we found that the performance of the sensors was the same whether the sensor was in air or after being submerged in saltwater for 20 days."

"The sensors are also very stable -- their performance didn't drop off, even after being stretched 16,000 times," says Zhu.

To demonstrate the functionality of the amphibious sensors, the researchers used the sensors to track the motions of robotic fish and monitor blood pressure in a pig's heart. The researchers also created a glove that incorporated the amphibious sensors, using the sensors to translate a scuba diver's hand signals into messages that could be read by people in or out of the water.

"The idea was to create an easy way for scuba divers to communicate effectively with other divers underwater or crew members still on a boat," says Wu.  


"We've submitted a patent application for this technology and are open to working with industry partners to incorporate these sensors into various applications," says Zhu.

The work was done with support from the National Science Foundation, under grants 2122841 and 2134664; the National Institutes of Health, under grant R01HD108473; and the Department of Defense, under grant W81XWH-21-1-0185.
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Social rank may determine if animals live fast, die young | ScienceDaily
Anyone who has picnicked on the beach has experienced the unpleasant crunch of a sandwich with a surprise helping of sand. But for primates, the tolerance for sand may depend on whether their energy is better spent reproducing and fighting rivals or on protecting their teeth from a mouthful of grit, according to a new Dartmouth study.


						
Social rank may determine whether animals prioritize immediate energy consumption over long-term health, or vice versa, the researchers report in the journal eLife. They observed the eating habits of long-tailed macaques on Thailand's Koram Island and found that the dominant and lowest-ranked animals briefly rubbed sand-covered food on their fur or between their paws before devouring it, along with most of the sand, and moving on to the next morsel.

Middle-ranked monkeys, however, having more time on their paws, carried their food to the water's edge and washed it in the sea to remove the sand. These animals often expended time and energy scrubbing their snacks past the point when they were clean and would even amble down the beach on their hind legs with their front paws full of food.

Nathaniel Dominy, the study's corresponding author and the Charles Hansen Professor of Anthropology at Dartmouth, says the findings provide insight into how animals -- even those in hierarchical groups -- choose survival strategies based on individual needs. The study supports the disposable soma hypothesis, which proposes that animals sometimes prioritize immediate survival and reproduction over longevity, Dominy says, adding, "Delayed gratification has its limits."

That may be the case for monkeys at the top and the bottom of the social ladder, for whom life is short and hard, Dominy says. As a result, these animals consume and conserve energy whenever they can. Existing research shows that sand causes significant damage to macaque tooth enamel. But for dominant males especially, that may not be important in a life fraught with challengers.

"High-ranking males are constantly lunging at or chasing other males, behaviors that maximize their siring of offspring. So, they need to eat rapidly to make up for that energy expenditure and that's exactly what we saw them doing," Dominy says. "They just stuff food into their mouths -- sand be damned -- because they don't have time to walk to the water. It's the urgency of now that matters, not their teeth. To humans, it seems like a shrewd calculation."

The monkeys that wash their food might instead be playing a long game, says Amanda Tan, the study's co-corresponding author and an assistant professor of anthropology at Durham University. Tan worked on the project as a postdoctoral scholar in Dominy's research group at Dartmouth.




"We think these animals invest a lot more time in washing their food because they cannot afford to damage their teeth and compromise their longevity," Tan says. "This strategy could allow them to maximize their potential reproductive success by living longer and producing more offspring over their lifetime."

The findings also could shed light on how the wear and pitting observed in the fossilized teeth of early humans relate to social structure and access to water, Dominy says.

"What if tooth wear is telling us about rank, not food properties," Dominy asks. "If we find more variable wear on a male hominin tooth, the classic interpretation is that it's the result of a varied diet. We ought to consider the possibility that he was eating quickly and couldn't be bothered to clean his food. Or maybe he lived in an area that was historically arid. We have cause to be more open-minded about variable tooth wear."

To observe the macaques' eating habits, Tan and the study's first author, Jessica Rosien '21, arranged plastic trays on the beach that contained cucumber slices. The slices were either on their own, placed on top of sand, or buried in sand. Rosien and Tan recorded the animals every day for six weeks as they foraged for cucumbers in the trays, capturing nearly 1,300 instances of food-handling by 42 individual macaques.

The monkeys that washed their food devoted an average of five seconds to over a minute to each cucumber slice -- often washing multiple slices -- while the average amount of time spent just brushing sand off a slice was effectively zero, the researchers report. That time makes a difference. In lab trials with sand-coated cucumbers, the researchers found that washing removed 93% of sand and brushing removed only 75%.

The researchers determined social rank using established methods of observing how the animals interact. But the social order was not subtle, Rosien says. She recalls a low-ranking male that, rejected by his peers, spent his time sitting next to her on the beach. A high-ranked female would fearlessly challenge other macaques for their cucumbers and steal anything Rosien left unattended, including her backpack of supplies. "I loved getting to know the different monkeys' personalities over time and I definitely got a sense of the impact of social rank," she says.




Before the study, Tan worked on Koram Island for years observing how the macaques developed skills using tools through social learning. She knew that some animals washed their food while others did not. It was Dominy who wondered if there was a rank-based trade-off between getting calories quickly versus preventing tooth wear, Tan says. "To our knowledge, no one had tested the hypothesis that food-washing served as an adaptive function for removing grit," she says.

Food-washing among primates is not common, Dominy says. The Koram Island macaques were first observed doing so after the 2004 Indian Ocean earthquake and tsunami. Their habit became a draw for tourists, who, before authorities put a stop to it, would throw fruit on the beach from boats to watch the animals wash it in the surf.

The other known instance is among the Japanese macaques on Japan's Kojima Island. In the 1950s, researchers studying the animals lured them toward the beach with wheat and sweet potatoes to observe them more clearly.

In 1953, a young female named Imo first picked up a sandy sweet potato and washed it in a stream. Five years later, the other animals had taken up the practice, washing their food in the sea. Today, 92% of the Kojima Island macaques wash their food.

"I love the story of Imo," Rosien says. "It shows how an individual can cause a shift in a whole population. To see such a significant advance in real time makes it easier to understand how small changes can lead to big changes."

The spread of a similar habit in two independent populations separated by 50 years and 5,000 miles speaks to the value of culture, Dominy says.

"You have to be experimental and entrepreneurial to invent a new behavior out of whole cloth, but it has to be clear enough that other individuals will understand its purpose and copy it," he says. "And they have to be smart enough to recognize when another animal has figured out something valuable. That's what culture is -- seeing the value of a new behavior and adopting it."

The value for the macaques of washing their food was considered so obvious, no one had studied it before, the researchers write in their paper. "Even if something seems intuitive, it's still important to be curious, ask questions, and test assumptions," Tan says.

"In this case," she continues, "our study provides a fuller picture of the various trade-offs that animals may juggle relative to their place in a social structure and gives us a better understanding of how that leads individuals to behave distinctly."
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Blood test can help predict chronic lung disease in preterm babies | ScienceDaily
A blood test can help predict which preterm babies will go onto develop chronic lung disease, allowing for earlier diagnosis and more targeted treatments, according to a new study.


						
The research, led by Murdoch Children's Research Institute (MCRI) and published in the American Journal of Respiratory Cell and Molecular Biologyfound that changes in certain blood proteins, alongside gestational age, birth weight and sex, strongly predicated bronchopulmonary dysplasia (BPD) within 72 hours of life.

BPD usually occurs when a baby's lungs are damaged by respiratory support and the long-term use of oxygen. The disease affects 65 per cent of preterm infants and results in lifelong chronic lung disease and neurodevelopmental disabilities.

The study, which examined 493 blood proteins, involved 23 babies born before 29 weeks' gestation at the Royal Women's Hospital. Changes found in 49 of these proteins were detected in babies who later developed BPD. Some differences were noticeable within four hours of a baby being born.

MCRI's Dr Prue Pereira-Fantini said the study provided a comprehensive map of what occurred in babies with BPD and gave valuable insight about key biological changes in the first few days of life.

"Our ability to predict, prevent and treat BPD is limited," she said. The tool currently used for early prediction of BPD severity currently fails to look at the disease pathology.

"A BPD diagnosis is usually made at 36 weeks post-menstrual age, which limits potential treatments that can minimise lung injury and improve respiratory outcomes. Our team was able to identify certain proteins in the blood, which when combined with other key birth measures, may predict BPD as early as four hours post-birth."

MCRI Professor David Tingay said the ability to more accurately predict BPD within the first days of life may allow for earlier diagnosis, more targeted treatments and better-informed counselling for families.




"Changes in BPD rates can be achieved if appropriate lung protective interventions are provided at the right time," he said. We can better tailor the care of these babies when we know how likely they are to experience lung damage and other complications."

The team are now looking to create a lung injury assessment tool that could be used to assess all preterm babies admitted to a Neonatal Intensive Care Unit (NICU) or special care nursery for risk of BPD.

"The tool, including a blood test, would provide clinicians with the ability to guide respiratory decisions from birth, giving these babies more chances towards a healthy life," Dr Pereira-Fantini said.

"Early intervention is likely to be more effective at preventing or minimising the severity of BPD and its long-term health and medical effects."

Simantha Nation's son Atticus was born at 26 weeks gestation, weighing just 807 grams. Born very preterm, Atticus struggled to breathe from his first gasp for air.

Atticus was rushed to the NICU, where he was intubated and connected to a ventilator.




The first time Simantha laid eyes on him, he was covered in tubes and wires.

"It was devastating to see that Atticus couldn't breathe on his own," she said. Watching your tiny baby battle severe, chronic lung disease was heartbreaking.

"As the weeks in the NICU turned into months his condition wasn't improving. He was reliant on a specialised ventilator to keep him alive."

When Atticus reached five months, Simantha thought her son would lose his battle with lung disease.

"His health took a dire turn and his condition became critical," she said. We were told by staff to say our goodbyes in case he didn't make it through the night. I can't tell you how hard it was, holding him for hours and not being sure if it was the last time."

But Simantha said in the following days Atticus continued to get better, little by little. After 263 days in the NICU she was finally able to take him home.

"Atticus was tied to a machine for almost his entire hospital stay," she said. He still has a tracheostomy to help him breathe through his throat instead of the nose and mouth. Due to this he is is learning AUSLAN to communicate.

"But Atticus is thriving at home and reaching key developmental milestones. His progress has been incredible, he has come so far."

Simantha said the latest MCRI lung disease research was a remarkable discovery.

"Any research that can help babies breathe, or understand their risks sooner, would be incredible and something all parents and carers of preterm babies can take comfort in," she said.

Researchers from the University of Melbourne, the Royal Women's Hospital and The Florey Institute of Neuroscience and Mental Health also contributed to the findings.
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South Florida estuaries warming faster than Gulf of Mexico, global ocean, USF research shows | ScienceDaily
Sea surface temperatures are on the rise around the world, but the problem is pronounced in South Florida, according to a series of studies published by researchers at the University of South Florida College of Marine Science.


						
Estuaries in South Florida have experienced rapid warming over the past two decades, including a record-breaking marine heat wave in 2023.

Using satellite data, the researchers found that sea surface temperatures in four estuaries in South Florida have risen faster than sea surface temperatures globally and in the Gulf of Mexico. The findings, published in Environmental Research Letters and Estuaries and Coasts, paint a troubling picture for the marine life that calls Florida home.

"The temperatures in South Florida estuaries are not only rising faster than the global average, but also faster than temperatures in the open Gulf of Mexico," said Chuanmin Hu, professor of physical oceanography at the University of South Florida and co-author of the recent papers. "We even saw more of a response within the estuaries to last year's marine heat wave."

Over the past two decades, sea surface temperatures in Florida Bay, Tampa Bay, St. Lucie Estuary and Caloosahatchee River Estuary rose around 70 percent faster than the Gulf of Mexico and 500 percent faster than the global oceans, according to the authors. The temperatures are expected to take a toll on marine life.

Estuaries are nurseries where many marine animals begin their lives. South Florida's estuaries are home to critical habitats such as seagrass meadows, and adjacent waters in the Florida Keys are home to world-renowned coral reefs. These may be impacted by rising water temperatures.

"Algae, seagrass and coral are all sensitive to temperature changes," Hu said. "Algae prefer warm water, which can increase the size and frequency of blooms. Meanwhile, seagrass and coral undergo stress if the water gets too warm."

The researchers hope to partner with colleagues at the Florida Fish and Wildlife Conservation Commission and the National Oceanic and Atmospheric Administration to explore the potential impacts of water temperatures on seagrass and coral populations in South Florida.




The researchers speculated on possible causes for the high rate of warming in South Florida's estuaries, including evaporation, water capacity and residence time (the amount of time water spends in an estuary). No single factor has been revealed as dominant.

Ongoing research by Hu and Jing Shi, a doctoral student in Hu's lab and first author of the papers, will investigate another peculiar observation: the accelerated warming seen in South Florida's estuaries has not been detected in other estuaries across the region.

"Not every estuary around the Gulf of Mexico is behaving this way," Hu said. "These temperature changes appear unique to the estuaries of South Florida."

The next question, Hu said, is how long this faster warming in South Florida will be sustained.

"We expect the rate of warming to eventually balance with the open Gulf of Mexico," he said. "We just don't know when that will happen."

This research was supported by a grant from the NASA Water Resources Program and a USF presidential fellowship.
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New device for on-the-spot water testing | ScienceDaily
Researchers at University of Galway have developed a new, portable technology for on-the-spot testing of water quality to detect one of the most dangerous types of bacteria.


						
Ireland regularly reports the highest crude incidence rates of the pathogen Shiga toxigenic Escherichia coli -- STEC for short -- in Europe over the recent years.

The bacteria produces the harmful Shiga toxin, which, if ingested by humans, can cause severe stomach illnesses and, in some cases, life-threatening complications especially in children under 5 years, older people and immunocompromised individuals.

A work led by Dr Zina Alfahl, lecturer in bacteriology in the University's College of Medicine, Nursing and Health Sciences, and Dr Louise O'Connor, senior research fellow with the University's College of Science and Engineering, developed a technology for rapid, sensitive and accurate testing of STEC in water sources, including rivers, lakes and wells.

The results have been published in the journal, Microbiology.

Dr Alfahl said: "Our technology is a significant advancement in on-site water testing. It is portable, straightforward and safe to use. It is accurate, highly sensitive and the results are delivered quickly, on-site.

"We are hoping that Environmental Health Officers and groundwater schemes in Ireland could use the technology on-site allowing for more frequent testing especially in or after extreme weather, periods of intense rainfall, because it is those conditions which lead to water supplies being contaminated."

Dr O'Connor said: "This technology could be a crucial intervention in helping to prevent outbreaks of infection in families and communities using wells, private water supplies and groundwater schemes.




"Immediate results can help public health officers and water management authorities make informed decisions to protect public health. This rapid response capability is crucial for preventing the spread of waterborne diseases and ensuring the safety of drinking water."

STEC is normally found in the intestines of healthy animals like cows and sheep, which carry it without getting sick. The bacteria spreads to people through contact with animal waste, or by eating or drinking contaminated food or water.

A small sample of water can be tested on-site using isothermal amplification technology which can identify the genetic markers of STEC bacteria, and related E. coli. The results are delivered in about 40minutes through a reading on screen. Traditional lab testing of samples can take days for results to be returned.

The research, funded by Environment Protection Agency through the DERIVE project, tested samples from various water sources, including groundwater wells, rivers, a turlough and a farm drain on the Corrib catchment in Galway. Of the samples tested 61% were positive for the presence of this dangerous pathogen.

Dr Alfahl said: "Our testing is sensitive enough to identify as low as two cells of the STEC bacteria. The gold standard for testing is culture in a lab, but this can take days and often weeks, and on occasion can return a false negative result -- just because the culture does not grow in the lab does not always mean the bacteria has not been present in the water. Our test removes the necessity for samples to go to a lab. It offers on-the-spot results and is of huge benefit to the people using the water as a first-step in identifying a contamination and a potential health risk."

Dr O'Connor said: "This new testing method is particularly important for areas that rely on private groundwater wells, which can be more prone to contamination. In Ireland, a significant portion of the population depends on these for their drinking water -- about 720,000 people, or one in every 5 households, but quality has been an issue as regulation is less stringent on these sources and testing is less frequent."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240807122731.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Walking the walk, scientists develop motion-compatible brain scanner | ScienceDaily
An upright neuroimaging device developed by West Virginia University neuroscientists, physicists and engineers that allows patients to move around while undergoing a brain scan could help set priorities for the evolution of imaging tools.


						
Researchers tested their prototype in a real world setting to assess its accuracy and determine needs for improvement. The prototype is being designed to address issues with traditional Positron Emission Tomography -- PET -- scanners which require patients to lie still for imaging.

"A lot of PET imaging is being done for research or diagnostics with patients with diseases that cause involuntary or uncontrollable movement such as Parkinson's. This makes it difficult or impossible to test these patients when their symptoms become too severe, since regular brain imagers require staying very still. Also, if you want to study human behaviors like walking, anxiety-provoking tasks or even addiction, this device could provide a way to image," said Julie Brefczynski-Lewis, research assistant professor in the Department of Neuroscience at the WVU School of Medicine and the Rockefeller Neuroscience Institute.

"It's also helpful with imaging for patients with cognitive issues like dementia because they have trouble staying still and even understanding the instruction they need to stay still, so they usually have to be anesthetized. If we want to image their brain while they're awake and alert, this would be a way to do that as well."

The scanner is an upgrade of an earlier prototype Brefczynski-Lewis and her team developed with funding from West Virginia Clinical and Translational Science Institute.

While both versions are helmets, the first was heavier and only allowed slight movement of the head from side to side. The new one, called an Ambulatory Motion-enabling PET, or AMPET, is lighter weight and fits the head much like hard hats construction workers wear. A balanced support is at the top.

"What we like about the AMPET is that it moves with the head, and you can be in a real environment where you're immersed and walk with it on," she said. "What we demonstrated in the study is that when the patients walk, it's not moving relative to the head and that's what allowed us to get a relatively clean image. We also wanted to see what should be improved by us or other laboratories that are making these devices."

The study, conducted by Brefczynski-Lewis and colleagues from the School of Medicine, was published in the journal Nature Communications Medicine.




"The purpose of this study was, we have this new technology and we can model it on a computer until the cows come home. But until you work with actual patients, you don't know how it's really going work in the real world," she said.

To test the prototype, the team enlisted volunteer outpatients who were scheduled for other scans and were already receiving medications used for imaging. Participants fitted with the helmet walked in place while researchers watched for motion tolerance and assessed neural activity in motor-related brain regions.

"We observed brain activity in the parts of the brain that control leg movements when the patients walked, which was what we had hoped to see," Brefczynski-Lewis said.

Their findings were further confirmed by observing one patient who had a prosthetic leg from hip to foot. His brain activity displayed predominantly in the area that represented the natural leg.

"That was almost a separate test in itself that we didn't expect," she said.

To enhance the prototype, researchers want to add a motion tracking system as well as make the helmet bigger so that it could image a larger area of the brain.




"Motion tracking is already made for other technologies, so all we have to do is apply it to our device," Brefczynski-Lewis said. "That will help because sometimes we miss the area of the brain we want to see."

In addition to performing imaging for patients who aren't able to stay still, Brefczynski-Lewis said the AMPET can be useful to neuroscientists researching human behaviors and activities with natural movement such as gestures, conversation and balance.

"In order to study balance, people have been in MRIs lying down and imagining themselves balancing, which isn't the same as actually balancing, or they have a surface imager that doesn't capture the deep brain structures," she explained. "You can see some parts of the brain, but not the deep core parts of the brain that are usually more involved with things like movement, balance, emotion, memory, fear and joy."

In the future, Brefczynski-Lewis and her team envision the AMPET being used to monitor brain activity and provide treatment for people with PTSD, study mindfulness meditation and integrate with virtual reality technologies.

"To be able to image the brain in motion, we're showing that there's a whole new field that could open up because of our device," she said. "We can extend our neuroimaging research into human behaviors that are natural -- how we interact with the world and how we interact with others.

Collaborating on the study with Brefczynski-Lewis were students Nanda K. Siva of Parkersburg and Colson Glover of Lewisburg; Kaylee Nott of Point Pleasant, West Virginia IDeA Network of Biomedical Research Excellence summer intern; Alexander Stolin, Gary Marano, Benjamin Parker, MaryBeth Mandich and James W. Lewis, WVU School of Medicine; Christopher Bauer, Sonia Chandi, Si Gao and Helen Melnick, University alumni; Stan Majewski, former WVU researcher; and Jinyi Qi.
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Processing traumatic memories during sleep leads to changes in the brain associated with improvement in PTSD symptoms | ScienceDaily
Currently, the first-choice treatment for PTSD is exposure-based psychotherapy, where therapists help rewire the emotions associated with the traumatic memory in the patient's brain, shifting from fear and arousal to a more neutral response. However, up to 50% of patients fail to respond well to this treatment. In a new study published on August 7 in the Cell Press journal Current Biology, scientists showed for the first time that reactivating therapeutically-altered memories during sleep leads to more brain activity related to memory processing, which is associated with a reduction in PTSD symptoms.


						
"Our goal is to unlock sleep as a new treatment window for PTSD," says Hein van Marle, one of the paper's senior authors and the study's principal investigator at Amsterdam University Medical Center. "This is the first proof of concept for potentially enhancing daytime treatment effects during sleep."

PTSD is a mental health disorder that can occur after experiencing or witnessing a traumatic event. People with PTSD may experience flashbacks, nightmares, heightened vigilance, hyperarousal, and mood and sleep problems. Currently available treatments for PTSD include eye movement desensitization and reprocessing (EMDR), where therapists guide patients through their traumatic memories while using a moving light or clicking sounds to distract them.

EMDR has shown positive results, but Van Marle says that success is low and dropping out from the treatment program is common among patients because revisiting traumatic memories is emotionally demanding.

So Van Marle and his collaborators, including first author Christa van der Heijden at Amsterdam University Medical Center and Lucia Talamini at the University of Amsterdam, set out to investigate how to boost the effect of EMDR treatment and make it long-lasting.

Sleep provides a unique opportunity to enhance the memory of newly formed emotional reactions to traumatic events. During sleep, the brain focuses on consolidating memories and storing information for the long term.

Previous research has shown that if someone forms a new memory in the presence of an experimentally administered sound or scent, exposing them to the sound or scent while they sleep can improve their ability to recall that memory after waking up. This memory-enhancement technique is called targeted memory reactivation (TMR).




During Van Marle's experiment, the team first performed an EMDR session with a standard clicking sound in the background for 33 PTSD patients in the evening. At night, the researchers recorded these patients' brain waves while they slept in the laboratory. For 17 of the patients, the team conducted TMR by playing the clicking sound used during the earlier EMDR session again when they were asleep, aiming to boost the storage of the EMDR treatment memory and alleviate PTSD symptoms.

They found that patients who received the sound during sleep showed higher levels of brain wave activities associated with memory processing and consolidation compared with participants who received no clicking sounds during sleep.

Within the TMR group, these induced changes in brain wave activity were associated with greater reductions in PTSD symptoms. In addition, the team found that patients who received TMR were less inclined to avoid their traumatic memory -- a key symptom of PTSD -- when they listened to an audio clip retelling the traumatic event.

However, the researchers did not see an improvement in PTSD symptoms among patients who received TMR compared with those who received only EMDR.

"During the night of TMR stimulation, we saw that presenting the EMDR clicks effectively enhanced the sleep physiology responsible for memory consolidation, with more enhancement leading to more significant reductions in symptoms. But the stimulation during our experiment wasn't enough to produce differences in most clinical outcomes, partly because the EMDR session was already quite effective," Van Marle says.

In a follow-up experiment slated to begin this fall, the team plans to administer TMR treatment to patients for five consecutive nights. Researchers are interested to see if repeated TMR will have a greater effect in reducing PTSD symptoms.

"The sleep and memory field has been wary to apply TMR in PTSD patients. We are really happy to see that TMR has no negative effects on these patients," Van Marle says. None of the patients reported more nightmares or worsened sleep after TMR. "This gives us more confidence in applying it more frequently in our future work," he says.

Many psychiatric disorders, such as phobias, anxiety disorders, and addiction, are also related to maladaptive memories. Van Marle hopes this work can inspire future research to explore the beneficial effects of TMR in treating other conditions.
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Most existing heat wave indices fail to capture heat wave severity | ScienceDaily
Even though climate change is bringing more frequent and severe heat waves, there is no standard, global way to measure heat-wave severity, and existing indices have different thresholds for defining dangerous heat-stress conditions. Researchers report August 7 in the journal Nexus that five out of six existing heat-wave indices were unable to capture the severity and spatial distribution of recent lethal heat waves in India, Spain, and the USA. The sixth index -- the lethal heat-stress index -- was better able to identify dangerous heat-stress conditions, particularly in low-humidity regions.


						
"We found that some existing indices may not be appropriate to all geographical regions and climate conditions," says senior author and geospatial expert Qihao Weng (@Qihao_Weng) of the Hong Kong Polytechnic University. "It's important that scientific communities, public health circles, and policy makers come together and reconsider the existing indices."

Currently, countries around the world have different ways of measuring and defining heat waves, but it's not clear which of these methods is most effective or how their performance is impacted by background climatic conditions. Some of these metrics are based purely on the maximum air temperature while others include factors such as radiation, wind, and, crucially, humidity.

"Even in relatively low-temperature conditions, if the humidity is high, it can still be dangerous for people with health problems," says Weng. "In humid conditions, even 28degC, wet-bulb conditions can lead to severe strain and heat stroke."

To compare the effectiveness of existing heat-wave indices under different conditions, the researchers applied six existing indices to climate data from heat waves that occurred in Spain and the United States in 2022 and in India in 2023. In all cases, they found that one method -- the lethal heat-stress index -- outperformed the others. Compared to the other indices, the lethal heat-stress index could differentiate between areas that were or were not impacted by extreme heat stress and could pinpoint on which days these dangerous heat conditions occurred.

The lethal heat-stress index is a temperature- and humidity-based metric for identifying conditions that are likely to lead to human death (in contrast to other indices that use endpoints such as "extreme danger" and "heat stroke imminent"). Though most of the other indices also include humidity in their calculations in some way, the way that they do this differs.

"The lethal heat stress index applies a correction factor to relative humidity, which means that it is better at predicting dangerous heat conditions in regions which have very low humid conditions compared to the other indices," says first author Pir Mohammad, an earth scientist at Hong Kong Polytechnic University.




The researchers emphasize that heat waves are experienced differently by different people, even within the same region, because of factors including age, pre-existing health conditions, and socioeconomic status, which is associated with access to adequate cooling and the privilege of not working outdoors during hot conditions.

Though they identified the lethal heat-stress index as the best current option, the researchers say that this index could still be improved with more research. They also note that while their study focuses on outdoor air temperatures, more heat-related mortalities occur indoors than outdoors, and future research should also address indoor conditions during heat waves and examine how they are impacted by things such as building age and materials.

Ultimately, they hope their findings will help scientists develop a universal definition of the threshold for dangerous heat conditions.

"We need to deploy a global framework that considers temperature, humidity, and other factors like socioeconomic status and age so that we can mitigate dangerous heat-wave conditions," says Mohammad. "The UK government recently redefined their limiting criteria for heat waves, and it might be a good time for other countries to also think about how we can define heat waves more effectively."

This research was supported by the Hong Kong SAR Government, the Research Talent Hub of the Innovation and Technology Fund of Hong Kong, and the Hong Kong Polytechnic University.
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Plants offer fruit to insects to disperse dust-like seeds | ScienceDaily
Fruit exist to invite animals to disperse the swallowed seeds. A Kobe University research team found that plants targeting insects rather than birds or mammals for this service are more common than previously thought. These plants produce dust-like seeds and fruit suitable for the minute, ground-dwelling animals.


						
Whether it's strawberries, apples or grapes, the reason why plants make tasty fruit is to invite and reward animals to also eat and then disperse their seeds, which are smooth and sturdy for just that purpose. Given the size of most seeds, it's natural that the animals associated with this are mostly birds and mammals. Incidentally, this is also why fruit are often red and dangle from branches. This allows the intended dispersers to easily see and reach the fruit. Insects, on the other hand, while they are often associated with plant pollination, are not seen as important for dispersing ingested plant seeds, mostly because the animals' minute size wouldn't allow for the safe passage of the seed through the animal. However, there are plants that produce dust-like seeds embedded in whitish and somewhat translucent fruit that are difficult to see from above and that fall to the ground as soon as they are ripe. And while this makes insects the prime candidates, it has not been known who the actual dispersers are.

The Kobe University botanist SUETSUGU Kenji has an extensive background in studying interactions between plants and arthropods (animals like insects, crabs, and spiders), with a particular focus on dust-seeded plants in Japan. He and his team travelled to Amami-Oshima Island in Japan where a shrub-like plant called Rhynchotechum discolor produces such translucent fruit with dust seeds. The researchers took automated night photographs of the fruit on the ground to find out who eats them and additionally captured insects in the plants' vicinity (using a mixture of Kirin beer and the soft drink Calpis, both produced in Kobe University's home region of Kansai). They then put the captured insects into containers to search their excrements for plant seeds and, with a separate feeding experiment, to find out how many of the seeds they eat can germinate.

Their findings, published in the journal Plants, People, Planet, confirmed that insects, specifically camel crickets, were the primary consumers of the fruit. Moreover, the captured insects' excrement contained numerous seeds, about 80% of which were fully viable. "This result provides the first evidence of insects acting as seed dispersers for a light-harvesting, green plant in regions inhabited by land-dwelling mammals," says Suetsugu. Previously, seed dispersal by insects was thought to occur only in special situations. There is the case of the weta, gigantic, flightless crickets home to New Zealand, that have taken on ecological functions usually associated with ground-dwelling mammals that don't exist there. Otherwise, the ability of insects to disperse dust-sized seeds was understood to be largely restricted to heterotrophic plants. These non-green plants don't harvest light but eat underground fungi and get what nutrients and energy they need from there, so their seeds can be tiny. Suetsugu explains, "Our findings challenge the notion that insect-mediated seed dispersal is a special case and suggest that it may be more widespread and ecologically important than previously understood."

This discovery excites Suetsugu for another reason: "It also contributes to the understanding of the evolution of dust seeds. Because they are minute and contain minimal energy reserves, their evolution has often been associated with heterotrophy. However, our research on Rhynchotechum discolor suggests that dust seeds can evolve from other selective pressures: Given that smaller seeds are more likely to survive digestive processes, a small seed size could have evolved as an adaptation to convert seed predators into seed dispersers."

In their paper, the research team notes that the shrub they investigated is likely not unique: "The fruit and seed morphology and coloration of other members of Rhynchotechum parallel those seen in R. discolor, suggesting that seed dispersal by camel crickets is widespread within the genus, which comprises 16 species. In a broader ecological context, similar seed dispersal systems might be found among plants with dust seeds, which are present in at least 13 families." Suetsugu adds: "We have laid the groundwork for future studies to investigate similar interactions in other regions and with other plant species. This research enhances our knowledge of how plants adapt to their environments and the roles that different organisms play in their life cycles."

This research was funded by the Japan Science and Technology Agency (grant JPMJPR21D6). It was conducted in collaboration with a researcher from the University of Tokyo.
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New report on Great Barrier Reef shows coral cover increases before onset of serious bleaching, cyclones | ScienceDaily
Coral cover has increased in all three regions on the Great Barrier Reef and is at regional highs in two of the three regions, according to a report by the Australian Institute of Marine Science (AIMS). But the results come with a note of caution.


						
Most of the underwater surveys contributing to these findings published today, were conducted before and during the recent mass bleaching event, one of the most extensive and serious on record, and have not yet captured how many corals survived or died following the bleaching.    

Surveys in the Central region were also completed before the passage of tropical Cyclone Jasper in December 2023.    

AIMS' Long-Term Monitoring Program (LTMP) leader Dr Mike Emslie said coral cover increases were a positive sign but did not reflect the potentially destructive consequences of the 2024 mass bleaching event. 

"We saw evidence of early onset mortality, particularly in the Southern region, but the full picture of mortality was not yet apparent during this year's surveys," he said.

"While bleached corals are very stressed, they are still alive and are recorded as live coral on our surveys. 

"Some types of corals can remain bleached for months, remaining on a knife edge between survival and death. This is why returning and repeating surveys of the reefs in this vast, complex and dynamic system is so important. This year's results serve as a very important reference against which to measure the impacts of the summer's events."

The next (LTMP) survey season recommences in September and will capture impacts on coral cover from this summer's mass bleaching event and the cyclones, with a full assessment complete by mid-2025.  




"Climate change remains the greatest threat to the Reef because it drives these mass bleaching events. This most recent one was the fifth such event since 2016. These more frequent and extensive marine heatwaves will lead to shortened 'windows' for coral recovery. Recent gains, while encouraging, can be lost in a short amount of time," Dr Emslie said.

Surveys were conducted at 94 Reefs spread through the Northern, Central and Southern Great Barrier Reef between August 2023 and June 2024.    

The Report recorded the following average hard coral coverage:    
    	Northern region (north of Cooktown) -- 39.5%, up from 35.8% last year;    

    	Central region (Cooktown to Proserpine) -- 34%, up from 30.7%;   

    	Southern region (south of Proserpine) -- 39.1%, up from 34%.   

The AIMS report finds that small rises in coral cover this year bring the Northern and Central regions to their highest levels in 38 years of monitoring.  

The surveys also found that crown-of-thorns starfish outbreaks have persisted on some reefs in the Southern region.    

The long term monitoring team surveyed reefs off Townsville after the passage of tropical Cyclone Kirrily in late January, finding evidence of storm damage and declines in hard coral cover ranging from 6% to 10% at Kelso, John Brewer, Helix and Chicken Reefs. Other reefs appear to have escaped with little impact.    

AIMS Research Program Director Dr David Wachenfeld said the regional increases in coral cover are encouraging, showing the Reef's capacity for recovery after reaching their lowest levels within the last 15 years. However, climate change and other disturbances mean this recovery is fragile and Reef resilience is not limitless.    




"In many ways the Reef has had some lucky escapes in recent years. The 2020 and 2022 mass bleaching events had levels of heat stress that were not as intense as the 2016 and 2017 events or the 2024 event. Coupled with very few other events causing widespread coral death, that has led to the levels of coral cover increase we have seen," he said.   

"But the frequency and intensity of bleaching events is unprecedented, and that is only forecast to escalate under climate change, alongside the persistent threat of crown-of-thorns starfish outbreaks and tropical cyclones."    

Aerial surveys undertaken by AIMS and the Great Barrier Reef Marine Park Authority in February and March found bleached corals in the shallows of 73% of reefs surveyed across all three regions.  

In recent weeks, AIMS scientists in separate monitoring programs observed substantial mortality in reefs that were particularly hard hit by the 2024 event.  

"We are only one large scale disturbance event away from a reversal of the recent recovery. The 2024 bleaching event could be that event -- almost half of the 3000 or so reefs that make up the marine park experienced more heat stress than ever recorded," Dr Wachenfeld said.    

"We still don't know how much mortality this event has caused. Our monitoring over the next 12 months will help us to understand how this bleaching event stacks up against the others in the last decade." 

AIMS CEO Professor Selina Stead said AIMS was prioritising research to develop scientific solutions to boost reef resilience under a warming climate.   

"Climate change is increasing pressure on reef systems around the world," she said.  "The 2024 bleaching event was part of the fourth global bleaching event, announced in April.

"These vitally important ecosystems that millions rely upon need strong greenhouse gas emissions reduction, science-based management of local pressures, and input from multiple fields of research if they are to endure.

"At AIMS we are developing a toolbox of interventions to help reefs adapt to and recover from the effects of climate change." 

Background

The LTMP quantifies long term trends in the status of coral communities across the Great Barrier Reef.   

Researchers use hard coral cover as one indicator of the condition of each reef. Percentage hard coral cover is estimated by trained scientists during manta tow surveys and is a metric which allows AIMS scientists to provide an overview of the Great Barrier Reef's status and keep policy makers, managers and other scientists informed in a timely manner.   

The LTMP also does more detailed surveys on fixed sites on 71 reefs across the Great Barrier Reef. The detailed information includes what types of corals and species of fish are present, their abundance, and causes of mortality like crown-of-thorns starfish numbers, coral disease and bleaching observations.   

The LTMP contributes to the Reef 2050 Integrated Monitoring and Reporting Program. Learn more about the LTMP and access detailed data displays at the level of individual reefs or regions.
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Nasal microbiome: Depriving multi-resistant 'bugs' of iron | ScienceDaily
A research team led by Simon Heilbronner, Professor of Microbiology at LMU's Biocenter, has investigated how various bacteria that colonize the nasal cavity deal with the lack of iron there and interact with each other. The study was recently published in The ISME Journal, and the results show that the composition of the microbiome influences how well multi-resistant staphylococci can thrive in the nose. This opens avenues for the targeted suppression of potentially dangerous germs via nasal probiotics, without the need for antibiotics.


						
We share our body with countless microorganisms. They inhabit our gut, our skin, and body orifices such as our mouth and nose. The composition of this microbiome has a major influence on our health. While certain germs can be useful, others harm us. Staphylococcus aureus falls into the latter category: "Antibiotic-resistant staphylococci can hide unnoticed in the microbiome of healthy people," explains Simon Heilbronner. This is the case for one third of all humans. As long as the bacteria stay in the nose, we do not notice them. But if they reach our blood stream -- after surgery, for example -- they can cause serious illnesses. These infections are acutely life-threatening, and the bacteria are developing resistance even to antibiotics of last resort. Multi-resistant hospital bugs are increasingly problematic and develop into a global health crisis. Ensuring that dangerous pathogens are not living in a patient's nose prior to admission to hospital can save lives.

Nasal habitat

The reason why Staphylococcus aureus occurs in some noses and not others has remained largely obscure. "We know surprisingly little about the factors that determine whether a person can be inhabited by S. aureus," says Heilbronner. The genetics of the host and environmental conditions have only a moderate influence. "By contrast, it's becoming increasingly clear that the presence of certain other bacteria can help or hinder the growth of the pathogen." Because of the lack of research into the microbial ecosystem of the nose in general, scientists still know far too little to sufficiently understand the underlying mechanisms.

For the new study, Heilbronner and his colleagues investigated 94 strains from 11 bacteria genera that occur in the human nose. Their focus was on a very specific characteristic of the microbes. "There is an acute shortage of iron in the nose," says Heilbronner. By limiting this essential nutrient, the human immune system protects itself against unwanted guests. And so, bacteria that want to survive in the nose need a strategy: They produce so-called siderophores -- iron-binding molecules which they release into their environment. "You can picture them as molecular nets which the bacteria cast out to catch iron," suggests the infectious disease biologist. As soon as the siderophores have enriched themselves with the coveted trace element, they are reabsorbed -- albeit not always by the same bacterium that produced them.

The battle for iron

As the researchers discovered, our noses are the site of a complex network of iron-related trading alliances and hostile raids. They identified various forms of interactions between the bacteria they studied. Some of the microorganisms share their siderophores, and the iron bound to them, with S. aureus. One can say, they cooperate with the pathogen to the mutual benefit of both. In contrast, the behavior of other bacteria is less social. There are species that help themselves to the siderophores of S. aureus, but use molecule encryption to protect their own siderophores against usage by the pathogen. The authors refer to this strategy as "locking away" iron. And there are the pirates among the nasal bugs, which do not produce any siderophores of their own -- because they are costly to make -- but exclusively plunder external sources produced by others. Many of these "raiders" are specialized in the siderophores of the pathogen.

Heilbronner and his team were able to demonstrate that the growth of S. aureus is inhibited if there are bacteria in the environment that plunder its siderophores without giving anything back in return. "In this work, we identified several strains of various species and genera that interact with S. aureus in different ways," observes Heilbronner. "The results indicate that neighboring bacteria can create a hostile environment for staphylococci by stealing the pathogen's iron." This paves the way for the development of nasal probiotics for suppressing multi-resistant staphylococci in the nose. The siderophore pirates could thus become privateers in the service of medicine, tasked with plundering the iron of S. aureus in order to arrest its spread.
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Drug bypasses suppressive immune cells to unleash immunotherapy | ScienceDaily
By recruiting the immune system to combat tumor cells, immunotherapy has improved survival rates, offering hope to millions of cancer patients. However, only about one in five people responds favorably to these treatments.


						
With a goal of understanding and addressing immunotherapy's limitations, researchers at Washington University School of Medicine in St Louis have found that the immune system can be its own worst enemy in the fight against cancer. In a new study in mice, a subset of immune cells -- type 1 regulatory T cells, or Tr1 cells -- did its normal job of preventing the immune system from overreacting but did so while inadvertently restraining immunotherapy's cancer-fighting power.

"Tr1 cells were found to be a heretofore unrecognized obstacle to immunotherapy's effectiveness against cancer," said senior author Robert D. Schreiber, PhD, the Andrew M. and Jane M. Bursky Distinguished Professor in the Department of Pathology & Immunology, and director of the Bursky Center for Human Immunology & Immunotherapy at Washington University School of Medicine. "By removing or circumventing that barrier in mice, we successfully reenergized the immune system's cancer-fighting cells and uncovered an opportunity to expand the benefits of immunotherapy for more cancer patients."

The study is available in Nature.

Cancer vaccines represent a new approach to personalize cancer immunotherapy. Aimed at the mutant proteins specific to a patient's tumor, such vaccines induce killer T cells to attack tumor cells while leaving healthy cells unharmed. Schreiber's group previously showed that more effective vaccines also activate helper T cells, another immune cell type, that recruit and expand additional killer T cells to destroy the tumors. But when they tried to add increased amounts of the helper T cell target to supercharge the vaccine they found they generated a different type of T cell that inhibited rather than promoted tumor rejection.

"We tested the hypothesis that by increasing helper T cell activation we would induce enhanced elimination of the sarcoma tumors in mice," said first author Hussein Sultan, PhD, an instructor in pathology & immunology. So he injected groups of tumor bearing mice with vaccines that activated killer T cells equally while triggering a different degree of helper T cell activation.

Much to the researchers' surprise in this latest study, the vaccine meant to hyperactivate helper T cells produced the opposite effect and inhibited tumor rejection.




"We thought that more helper T cell activation would optimize elimination of the sarcoma tumors in mice," Sultan said. "Instead, we found that vaccines containing high doses of helper T cell targets induced inhibitory Tr1 cells that completely blocked tumor elimination. We know that Tr1 cells normally control an overactive immune system, but this is the first time they have been shown to dampen its fight against cancer."

Tr1 cells normally put the brakes on the immune system to prevent it from attacking the body's healthy cells. But their role in cancer has not been seriously explored. Looking through previously published data, the researchers found that tumors from patients who had responded poorly to immunotherapy had more Tr1 cells compared with tumors of patients who had responded well. The number of Tr1 cells also increased in mice as tumors grew bigger, rendering the mice insensitive to immunotherapy.

To bypass the inhibiting cells, the researchers treated the vaccinated mice with a drug that enhances killer T cells' fighting power. The drug, developed by biotechnology startup Asher Biotherapeutics, carries modifications in the immune-boosting protein called interleukin 2 (IL-2) that specifically revs up killer T cells and reduces the toxicity of unmodified IL-2 treatments. The additional boost from the drug overcame Tr1 cells' inhibition and rendered the immunotherapy more effective.

"We are committed to personalizing immunotherapy and broadening its effectiveness," said Schreiber. "Decades of researching basic tumor immunology have expanded our understanding of how to trigger the immune system to achieve the most robust antitumor response. This new study adds to our understanding of how to improve immunotherapy to benefit more people."

As co-founder of Asher Biotherapeutics -- which provided the mouse version of the modified IL-2 drugs -- Schreiber is indirectly involved in the company's clinical trials testing the human version of the drug as a monotherapy in cancer patients. If successful, the drug has the potential to be tested in combination with cancer treatment vaccines.
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Dozing at the wheel? Not with these fatigue-detecting earbuds | ScienceDaily
Everyone gets sleepy at work from time to time, especially after a big lunch. But for people whose jobs involve driving or working with heavy machinery, drowsiness can be extremely dangerous -- if not outright deadly. Drowsy driving contributes to hundreds of fatal vehicle accidents in the U.S. each year, and the National Safety Council has cited drowsiness as a critical hazard in construction and mining.


						
To help protect drivers and machine operators from the dangers of drifting off, engineers at the University of California, Berkeley, have created prototype earbuds that can detect the signs of drowsiness in the brain.

The earbuds detect brain waves in the same way as an electroencephalogram (EEG), a test that doctors use to measure electrical activity in the brain. While most EEGs detect brain waves using a series of electrodes attached to the head, the earbuds do so using built-in electrodes that are designed to make contact with the ear canal.

The electrical signals detected by the ear buds are smaller than those picked up by a traditional EEG. However, in a new study, the researchers show that their Ear EEG platform is sensitive enough to detect alpha waves, a pattern of brain activity that increases when you close your eyes or start to fall asleep.

"I was inspired when I bought my first pair of Apple's AirPods in 2017. I immediately thought, 'What an amazing platform for neural recording,'" said study senior author Rikky Muller, an associate professor of electrical engineering and computer sciences at UC Berkeley. "We believe that this technology has many potential uses, and that classifying drowsiness is a good indicator that the technology can be used to classify sleep and even diagnose sleep disorders."

Using an earbud as an EEG electrode poses a variety of practical challenges. In order to obtain an accurate EEG, electrodes need to make good contact with the skin. This is relatively easy to achieve in traditional EEGs, which use flat metal electrodes stuck to the scalp. However, it is much trickier to design an earbud that will fit snugly -- and comfortably -- in a wide variety of ear sizes and shapes.

When Muller's team started working on the project, other groups developing Ear EEG platforms were either using wet electrode gels to ensure a good seal between the earbud and the ear canal, or creating custom-molded earpieces for each individual user. She and her team wanted to design a model that was dry and user generic, so that anyone could stick them in their ears and get reliable readings.




"My personal goal was to try to make a device that could be used every day by someone who would really benefit from it," said Ryan Kaveh, a UC Berkeley postdoctoral scholar and co-first author of the study. "In order to do that, I knew that it would have to be reusable, fit a variety of people, and [be] easy to manufacture."

Kaveh co-led the study with graduate student Carolyn Schwendeman and collaborated with Ana Arias's lab at UC Berkeley to design the final earpiece in three sizes: small, medium and large. The earpiece incorporates multiple electrodes in a cantilevered design that applies gentle outward pressure to the ear canal and uses flexible electronics to ensure a comfortable fit. The signals are read out through a custom, low-power, wireless electronic interface.

In a 2020 paper, the researchers showed that these earpieces can detect a number of physiological signals, including eye blinks, alpha brain waves and the auditory steady-state response, which is the brain's response to hearing a steady pitch. In the new study, they improved the earpiece design and incorporated machine learning to demonstrate how the earpieces could be used in a real-world application.

As part of the experiment, they asked nine volunteers to wear the earpieces while doing a series of boring tasks in a darkened room. Every so often, the volunteers were asked to rate their level of drowsiness, and their response times were measured.

"We found that even when the signal quality from the earpieces seemed worse, we could still classify the onset of drowsiness with the same level of accuracy as much more complicated, bulky systems," Kaveh said. The earpieces also retain their accuracy when categorizing drowsiness in brand-new users, a characteristic of devices that could work 'out of the box'.

Muller, who developed the Ear EEG with the support of the Bakar Fellowship and the Bakar Prize, is continuing to refine the design and explore other potential applications of the device, which can also record signals beyond EEG, such as heart beats, eye movements and jaw clenches.

"Wireless earbuds are something we already wear all the time," Muller said. "That's what makes Ear EEG such a compelling approach to wearables. It doesn't require anything extra."

This study was supported in part by the Ford University Research Program and a Bakar Spark Award.
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Elephants on the move: Mapping connections across African landscapes | ScienceDaily
Elephant conservation is a major priority in southern Africa, but habitat loss and urbanization mean the far-ranging pachyderms are increasingly restricted to protected areas like game reserves. The risk? Contained populations could become genetically isolated over time, making elephants more vulnerable to disease and environmental change.


						
A recent study from the University of Illinois Urbana-Champaign and the University of Pretoria in South Africa demonstrates how African conservation managers could create and optimize elephant movement corridors across a seven-country region. The study offers a map showing landscape connections that would support elephants' habitat needs and allow for more gene flow among populations.

"Other research groups have integrated genetic and spatial data before, but usually it's done on a more local scale. Ours was the first to combine both types of data for southern African elephants across such a large geographic area," said lead author Alida de Flamingh, who completed the study as part of her doctoral program in the Department of Animal Sciences, part of the College of Agricultural, Consumer and Environmental Sciences (ACES) at Illinois. She is now a postdoctoral researcher at the Carl R. Woese Institute for Genomic Biology.

Scale is meaningful because African elephants have very large home ranges -- roaming up to 11,000 square kilometers, or more than 2.7 million acres -- and they often travel long distances out of their way to avoid unsuitable habitat. Capturing that scale in a single analysis was no easy feat.

"This was a massive effort. We went out with our partners in the Conservation Ecology Research Unit at the University of Pretoria to collect non-invasive DNA samples from elephant dung across the whole range," de Flamingh said. "CERU also contributed data from GPS trackers on 80 collared elephants across nearly 54,000 locations."

GPS collar data shows how elephants move across the landscape but can't indicate whether that movement leads to gene flow. Conversely, DNA data documents gene flow, but can't show how elephants moved to make that happen. Integrating the two data sets required a landscape genetics approach.

"Landscape genetics adapts some ideas from electrical circuit theory to discuss how animals might move and achieve gene flow. Our approach looks at resistances or costs elephants encounter as they move along multiple pathways through the region, accounting for the possibility of losing or gaining individual paths," said co-author Nathan Alexander, a postdoctoral researcher at the Illinois Natural History Survey. Alexander worked on the project during his doctoral program in the Department of Natural Resources and Environmental Sciences in ACES.




Costs in this case included steep slopes, barren areas with little to no vegetation, densely populated human settlements, and areas far from water. The researchers combined these environmental challenges with DNA data to explain how elephants might navigate their habitat, identifying key routes to maintain gene flow across protected areas.

"We did not find a simple linear relationship where more suitable habitats are less costly. Instead, we found a pronounced nonlinear pattern where the least suitable habitats have the biggest impact on elephant movement or distribution across the landscape," de Flamingh said. "Intermediate habitats aren't necessarily dictating their movements as much as these really, really unsuitable habitats. That's positive, if you think about it. They're tolerant of intermediate habitats and can still move through them."

What qualifies as a "really, really unsuitable" habitat? The researchers identified areas like the vegetation-free Makgadikgadi salt pans in Botswana, as well as densely populated human settlements. Providing connections for elephants that avoid these areas will also reduce human-elephant conflict, a distinct threat to elephants.

De Flamingh said the insights gained from this study can help governmental authorities and NGOs in southern Africa to develop robust conservation initiatives on the ground.

"Southern Africa has the largest number of elephants in all of Africa. So any conservation efforts there, especially those that avoid human-elephant conflict, would protect pretty large populations of elephants," said senior author Al Roca, an animal sciences professor in ACES. "Our partners at CERU, as well as our funders -- the International Fund for Animal Welfare and the African Elephant Conservation Fund of the U.S. Fish and Wildlife Service -- are really critical in those efforts."

The study, "Integrating habitat suitability modeling with gene flow improves delineation of landscape connections among African savanna elephants," is published in Biodiversity and Conservation. The paper is dedicated to the memory of co-author Rudi van Aarde, who was instrumental in launching the study as head of CERU, and who passed away while the research was ongoing.

Roca is also affiliated with the Carl R. Woese Institute for Genomic Biology, the Illinois Natural History Survey, and the School of Information Sciences at Illinois.
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Lonely people tend to have more nightmares, new research shows | ScienceDaily
People who are lonely are more apt to have bad dreams, according to a collaboration that included an Oregon State University scientist.


						
The findings are important because both loneliness and sleep disorders are serious public health issues, said OSU's Colin Hesse. They are connected to increased risk of heart disease, stroke and premature death.

In a paper published in the Journal of Psychology, Hesse and researchers at the University of Arizona, the University of Tampa and Whitworth University note that stress is part of the link between loneliness and both nightmare frequency and intensity.

Other factors tying loneliness to nightmares appear to be rumination -- worry and anxiety -- and hyperarousal, described as the state of being extra alert and focused. Like stress, rumination and hyperarousal are mind states associated with loneliness.

In addition to shedding light on a potential adverse effect of too little human connection, the findings of the study led by Kory Floyd of the University Arizona are in line with the evolutionary theory of loneliness, which posits that a sense of belonging is essential to human survival.

"Interpersonal relationships are very much a core human need," said Hesse, director of the School of Communication in OSU's College of Liberal Arts. "When people's need for strong relationships goes unmet, they suffer physically, mentally and socially. Just like hunger or fatigue means you haven't gotten enough calories or sleep, loneliness has evolved to alert individuals when their needs for interpersonal connection are going unfulfilled."

Loneliness is a pervasive condition that significantly hinders wellness, the researchers point out, causing suffering in a range of forms including impaired sleep. The experience of nightmares is one way that sleep quality is damaged.




The findings tying loneliness to nightmares -- in a correlative way, rather than a causative one, Hesse stresses -- come from surveys by the authors encompassing more than 1,600 adults in the United States, ranging in age from 18 to 81.

The results also offer an explanation for nightmares that's rooted in evolution -- humans evolved to experience stress, rumination and extra alertness when lonely -- rather than environmental factors, such as having experienced some type of trauma.

"It's too early to talk about specific interventions in a concrete sort of way," Hesse said, "but our findings are certainly consistent with the possibility that treating loneliness would help lessen someone's nightmare experiences. That's a possibility to address in controlled, clinical studies."

According to the Sleep Foundation, an estimated 50 million to 70 million Americans have some type of sleep disorder.

"Quality restorative sleep is a linchpin for cognitive functioning, mood regulation, metabolism and many other aspects of well-being," Hesse said. "That's why it's so critical to investigate the psychological states that disrupt sleep, loneliness being key among them."

The U.S. surgeon general's office reports that even before COVID-19, about half of American adults reported measurable levels of loneliness, and that lacking connection is on par with smoking for raising the risk of premature death.

Statistics from the Surgeon General's Advisory on Our Epidemic of Loneliness and Isolation include:
    	A 29% increased risk of heart disease.
    	A 32% increased risk of stroke.
    	A 50% increased risk of developing dementia for older adults.
    	A greater than 60% chance of premature death.

In addition, people who often feel lonely are more than twice as likely to develop depression than those who rarely or never feel lonely.

The Flora Family Fund at Whitworth University supported the research into loneliness' connection with nightmares.
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Living with a killer: How an unlikely mantis shrimp-clam association violates a biological principle | ScienceDaily
When clams gamble on living with a killer, sometimes their luck may run out, according to a University of Michigan study.


						
A longstanding question in ecology asks how can so many different species co-occur, or live together, at the same time and at the same place. One influential theory called the competitive exclusion principle suggests that only one species can occupy a particular niche in a biological community at any one time.

But out in the wild, researchers find many instances of different species that appear to occupy the same niches at the same time, living in the same microhabitats and consuming the same food.

U-M ecology and evolutionary biology graduate student Teal Harrison and her adviser Diarmaid O Foighil examined one such instance: a highly specialized community of seven marine clam species living in the burrows of their host species, a predatory mantis shrimp.

Six of these seven clam species, called yoyo clams, attach to the shrimp's burrow walls with a long foot used to spring, yoyo-like, away from danger. The seventh of the clam species, a close relative of the yoyo clams, has a distinct within-burrow niche in that it attaches directly to the host mantis shrimp's body and does not yoyo. The researchers wondered how this unusual clam community persists.

"We've got this remarkable situation where all these clam species not only share the same host but most of them have also evolved, or speciated, on that host. How is this possible?" said O Foighil, also a curator of mollusks at the U-M Museum of Zoology.

When Harrison conducted field samples of these clam species in mantis shrimp burrows, what she found went against theoretical expectations: all burrows that contained multiple species of clams were composed solely of the burrow wall yoyo clams. And when the host-attached clam species was added to the mix in a laboratory experiment, the mantis shrimp killed all of the burrow-wall clams.




This goes against theoretical expectation, the researchers say. According to the competitive exclusion principle, species that evolve to live in different niches should live together more frequently than species that occupy the same niche. But Harrison's data, published in the journal PeerJ, suggest that the evolution of a new, host-attached niche has paradoxically led to ecological exclusion, not cohabitation, among these commensal clams.

"Teal had two sets of unexpected results. One of them was that the species that should co-occur with the yoyo clams doesn't. And the second unexpected result was that the host can go rogue," O Foighil said. "The interesting twist is the only survivor was a clam attached to the mantis shrimp's body. Anything on the burrow wall, it killed. It even went outside the burrow and killed one that had wandered out."

The competitive exclusion principle predicts that the six yoyo clam species (which share the burrow-wall niche) will co-occupy host burrows less frequently with each other than with the (niche-differentiated) host-attached clam species. Harrison tested this prediction by field-censusing populations in the Indian River Lagoon, Florida. This involved carefully capturing host mantis shrimp by hand and sampling their burrows for clams using a stainless-steel bait pump.

Harrison then built artificial burrows in the laboratory where she could study, up close, commensal clam behavior with and without a mantis shrimp host. Just two-and-a-half days after setup, almost all of the clams in the mantis shrimp's burrow were dead.

"It was very surreal," Harrison said. "It honestly didn't even dawn on me that they were eaten right away because it was so far from what I was expecting to find. They are commensal organisms, they cohabitate with these mantis shrimp in the wild, and there was no possible way we would know whether this behavior was already happening this way in the wild or not. I just wasn't expecting it."

Harrison was devastated. O Foighil was excited.




"Teal was understandably distraught when the experiment 'failed' after all her hard work, but I was excited," O Foighil said. "When you get a completely unexpected result in science, it's potentially telling you something brand new and important."

The researchers say that the exclusion mechanism -- blocking burrow-wall and host-attached clam co-occurrence -- is currently unclear. One reason could be that, during the larval stage, burrow wall clams recruit to different host burrows than the host-attached clams. But it also could be differential survival in burrow assemblages that have both burrow wall and host-attached clams -- that is, potentially that mixed population of clams triggers a lethal reaction in the host, O Foighil said.

The researchers' next steps are to look into what happened. It could have been an artifact of the setup in the lab, O Foighil said. Or it could be telling the researchers that under some conditions, the commensal association of the burrow wall yoyo clams and the predatory host can "break down catastrophically," he said.

"It was pretty cool to have a finding that was contrary to what we were expecting based on evolutionary theory, and it was not only contrary to our theoretical expectations, but it happened in such a dramatic way," Harrison said.

The researchers have proposed two follow-up studies. The first to determine if both types of commensals can recruit as larvae to the same host burrows. The second to test whether the mantis shrimp itself is the culprit: does its predatory behavior change when the host-attached species is added to its burrow?

Study co-authors include Ryutaro Goto of Kyoto University, who initiated this line of work as a postdoctoral researcher in O Foighil's lab, and Jingchun Li of the University of Colorado, also a former graduate student in the O Foighil lab.
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Genetic 'episignatures' guide researchers in identifying causes of unsolved epileptic neurological disorders | ScienceDaily
To effectively treat a disease or disorder, doctors must first know the root cause. Such is the case for developmental and epileptic encephalopathies (DEEs), whose root causes can be hugely complex and heterogeneous. Scientists at St. Jude Children's Research Hospital demonstrated the value of DNA methylation patterns for identifying the root cause of DEEs, showing specific gene methylation and genome-wide methylation "episignatures" can help identify the genes that cause DEE. The findings were published today in Nature Communications.


						
DEEs affect 1 in 590 children and involve more than 825 genes. Current testing methods can clinically identify the root cause, or etiology, of approximately 50% of individuals' DEEs, which guides clinicians and families to appropriate care and support. However, the remaining half of all patients remain unsolved.

"About half of the patients with DEE will get a diagnosis, and half of them won't," said co-corresponding author Heather Mefford, MD, PhD, St. Jude Center for Pediatric Neurological Disease Research and Department of Cell & Molecular Biology.

When a child is diagnosed with DEE, linking the encephalopathy to a specific gene can allow the clinician to provide appropriate treatment or control over the symptoms of the disorder. This knowledge is also invaluable to the family.

"The half who do not receive diagnosis not only won't be able to get gene-specific recommendations in their therapy, they won't be able to link with family organizations that can connect them with other families with children that also have mutations in that gene," explained Mefford.

The value of identifying rare genetic links to DEE

Addressing the genetic root causes for DEEs has been a long-term goal for Mefford, who was instrumental in raising the number of diagnosable cases to 50%, up from approximately 5% just a decade ago.




Today, 80% of identifiable DEEs can be explained by 27 genes. To tackle the remaining unsolved cases, the numerous rare occurrences of the disorder must be identified, a challenge that co-first author and St. Jude Graduate School of Biomedical Sciences student Christy LaFlamme embraced.

"One way we can get at the remaining 50% is by exploring what traditional tests don't look at," said LaFlamme. "Current tests don't look at noncoding space that regulates gene expression. A lot of these disorders are due to losing expression of epilepsy genes."

DNA methylation fingerprint offers solution

Mefford is exploring epigenetics, the changes in gene expression that may or may not involve DNA alterations, as a potential solution. One such epigenetic change involves a process vital to gene expression called DNA methylation. This process is akin to a chef leaving notes beside a recipe instructing the reader to skip or repeat a step.

"For some genetic disorders, everyone with a mutation in the same gene has a methylation profile across their genome that puts them in a category with all the others with the same genetic disorder," said Mefford. This methylation landscape is called an "episignature" and is akin to a DEE fingerprint.

While episignatures allowed the researchers to broadly identify DEE-causing variants, taking a closer look at the individual methylation instances, referred to as rare methylation analysis, presented another opportunity. "The underlying cause of the disease ends up manifesting into an episignature that can serve as a marker for that gene," explained LaFlamme. "With rare methylation events, their analysis can point directly to the cause of the disease."

New technologies aid in rare methylation detection




Exploring these rare methylation events across the genome using long-read DNA sequencing pointed the researchers toward DNA regions that are not commonly assessed, offering an answer to the cause of these cases.

This one-two punch allowed the researchers to identify the causative and candidate etiologies of DEEs in 2% of previously unidentified cases. This represents another significant step in identifying rare instances of DEEs and another tool to aid in diagnosing children with DEE.

Mefford is determined to continue chipping away in earnest. Her placement within the St. Jude Pediatric Translational Neuroscience Initiative means the so-called "N of few," the rarer occurrences of neurological disorders like DEE, can continue to be tackled.

"We are still dedicated to trying to solve the remaining cases. We've always leveraged new technologies, such as next-generation sequencing 10 years ago and now methylation analysis and long-read sequencing," said Mefford. "We're always looking for technologies that will give us new information to try and solve those cases."
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Scientists reach consensus for fasting terminology | ScienceDaily
Dr. Eric Ravussin of Pennington Biomedical Research Center in Baton Rouge was one of 38 scientists from five continents to present the first international consensus on fasting terminology and key definitions. Published in Cell Metabolism, the recent study reflects the increasing popularity of diets tied to fasting and a significant increase in scientific studies of fasting. While the application of fasting is rapidly growing, there was previously no globally established terminology.


						
The panel was the first to bring together experimental and clinical experts in medical and religious fasting. Twenty-four terms were defined as panelists collaborated across a live conference and five online surveys. Some of the major terms defined include "fasting," "modified fasting," fluid-only fasting," "alternate-day fasting," "prolonged fasting," and "religious fasting," among others.

"Despite the fact that fasting is being studied extensively around the world, especially in relationship to healthy aging, there was no common definitions of the different approaches to fasting and caloric restriction." said Dr. Ravussin, who is a professor of diabetes and metabolism at Pennington Biomedical. "By defining these terms and setting a standard, we can help steer people away from those unverified diets that mislead participants into unhealthy or even dangerous behaviors. The application of fasting has proven to be beneficial and popular, and as its use grows, we wanted to ensure researchers, dieticians, nutritionists, and fitness instructors are aligned with clear, universal terminology."

Using the Delphi method -- a communication technique to generate a consensus through a series of questionnaires -- the multidisciplinary panel of researchers reach consensus on these terms to better facilitate communication and cross-referencing in the field.

Scientists from around the world who were approached to participate in the panel primarily specialized in dietary approaches to increasing both health and potentially lifespan, as well as impacting the known biomarkers of aging. Dr. Ravussin is a well-known researcher in this field, and his work on the panel began in 2002.

"Dr. Ravussin's contributions to this panel are not only important for the consensus that was reached, but for furthering Pennington Biomedical's reputation as a leading global voice in these industry-wide guidelines that will provide clarity and consistency to researchers around the world," said Pennington Biomedical Executive Director Dr. John Kirwan. "His contribution on the plan furthers our leadership role contributing to the knowledge base and improving health across the lifespan."

Some of the better-known words whose definitions were formally agreed upon through the survey include:
    	Fasting - voluntary abstinence from some or all foods or foods and beverages.
    	Modified fasting -- restriction of energy intake to a maximum 25 percent of energy needs.
    	Fluid-only fasting -- a modified fasting regimen whereby only beverages are consumed for a certain period of time.
    	Alternate-day fasting -- alternating a day of eating ad libitum and a day of water-only fasting.
    	Short-term fasting -- fasting that lasts two to three days.
    	Prolonged fasting -- fasting for greater than or equal to four consecutive days.
    	Religious fasting -- any fasting regime that is undertaken as part of a religious practice.

Intermittent fasting -- repetitive fasting periods lasting equal to or less than 48 hours.




About the Pennington Biomedical Research Center

The Pennington Biomedical Research Center is at the forefront of medical discovery as it relates to understanding the triggers of obesity, diabetes, cardiovascular disease, cancer and dementia. The Center conducts basic, clinical, and population research, and is a campus of the LSU System.

The research enterprise at Pennington Biomedical includes over 530 employees within a network of 44 clinics and research laboratories, and 13 highly specialized core service facilities. Its scientists and physician/scientists are supported by research trainees, lab technicians, nurses, dietitians, and other support personnel.?Pennington Biomedical is a state-of-the-art research facility on a 222-acre campus in Baton Rouge.
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Researchers dig deeper into stability challenges of nuclear fusion -- with mayonnaise | ScienceDaily
Mayonnaise continues to help researchers better understand the physics behind nuclear fusion.


						
"We're still working on the same problem, which is the structural integrity of fusion capsules used in inertial confinement fusion, and Hellmann's Real Mayonnaise is still helping us in the search for solutions," says Arindam Banerjee, the Paul B. Reinhold Professor of Mechanical Engineering and Mechanics at Lehigh University and Chair of the MEM department in the P.C. Rossin College of Engineering and Applied Science.

In simple terms, fusion reactions are what power the sun. If the process could be harnessed on earth, scientists believe it could offer a nearly limitless and clean energy source for humanity. However, replicating the sun's extreme conditions is an incredibly complex challenge. Researchers across science and engineering disciplines, including Banerjee and his team, are examining the problem from a multitude of perspectives.

Inertial confinement fusion is a process that initiates nuclear fusion reactions by rapidly compressing and heating capsules filled with fuel, in this case, isotopes of hydrogen. When subjected to extreme temperatures and pressure, these capsules melt and form plasma, the charged state of matter that can generate energy.

"At those extremes, you're talking about millions of degrees Kelvin and gigapascals of pressure as you're trying to simulate conditions in the sun," says Banerjee. "One of the main problems associated with this process is that the plasma state forms these hydrodynamic instabilities, which can reduce the energy yield."

In their first paper on the topic back in 2019, Banerjee and his team examined that problem, known as Rayleigh-Taylor instability. The condition occurs between materials of different densities when the density and pressure gradients are in opposite directions, creating an unstable stratification.

"We use mayonnaise because it behaves like a solid, but when subjected to a pressure gradient, it starts to flow," he says. Using the condiment also negates the need for high temperatures and pressure conditions, which are exceedingly difficult to control.




Banerjee's team used a custom-built, one-of-a-kind rotating wheel facility within Banerjee's Turbulent Mixing Laboratory to mimic the flow conditions of the plasma. Once the acceleration crossed a critical value, the mayo started to flow.

One of the things they figured out during that initial research was that before the flow became unstable, the soft solid, i.e., the mayo, went through a couple of phases.

"As with a traditional molten metal, if you put a stress on mayonnaise, it will start to deform, but if you remove the stress, it goes back to its original shape," he says. "So there's an elastic phase followed by a stable plastic phase. The next phase is when it starts flowing, and that's where the instability kicks in."

Understanding this transition between the elastic phase and the stable plastic phase is critical, he says, because knowing when the plastic deformation starts might tip off researchers as to when the instability would occur, Banerjee says. Then, they'd look to control the condition in order to stay within this elastic or stable plastic phase.

In their latest paper, published in Physical Review E, the team (including former graduate student and first author of the study, Aren Boyaci '24 PhD, now working at Rattunde AG as a Data Modeling Engineer in Berlin, Germany), looked at the material properties, the perturbation geometry (amplitude and wavelength), and the acceleration rate of the materials that undergo Rayleigh-Taylor instability.

"We investigated the transition criteria between the phases of Rayleigh-Taylor instability, and examined how that affected the perturbation growth in the following phases," Boyaci says. "We found the conditions under which the elastic recovery was possible, and how it could be maximized to delay or completely suppress the instability. The experimental data we present are also the first recovery measurements in the literature."

The finding is an important one as it could inform the design of the capsules in such a way that they never become unstable.




There is, however, the looming question of how the team's data fit into what happens in actual fusion capsules, the property values of which are orders of magnitude different from the soft solids used in their experiments.

"In this paper, we have non-dimensionalized our data with the hope that the behavior we are predicting transcends these few orders of magnitude," says Banerjee. "We're trying to enhance the predictability of what would happen with those molten, high-temperature, high-pressure plasma capsules with these analog experiments of using mayonnaise in a rotating wheel."

Ultimately, Banerjee and his team are part of a global effort to turn the promise of fusion energy into reality.

"We're another cog in this giant wheel of researchers," he says. "And we're all working towards making inertial fusion cheaper and therefore, attainable."
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New York City's fireworks display prompts temporary surge of air pollution | ScienceDaily
In 2023, roughly 60,000 firework shells exploded above Manhattan's East River as part of Macy's Fourth of July show. The resulting air pollutant levels were many times higher in the hours after the display than those seen when smoke from a Canadian wildfire had blanketed the area a month before.


						
This is according to the results of a new study, led by researchers at NYU Langone Health, which measured air quality just before and after the Independence Day event, one of the largest in the United States. Tiny particles of hazardous metals and organic compounds peaked at 3,000 micrograms per cubic meter at an air sampling site near the show and topped 1,000 micrograms per cubic meter at two other nearby locations. By comparison, New York City's average daily fine-particle concentration is 15 micrograms per cubic meter and reached 460 micrograms per cubic meter from the wildfire smoke in June 2023.

The team also found that air quality took several hours to return to baseline levels for most sampling sites, with those closest to the display, such as in Midtown Manhattan, taking as long as 12 hours.

In addition to fine-particle air pollutant increases, water samples collected from the East River had more than double the levels of metals sometimes used to give fireworks their vibrant colors, such as lead, nickel, and antimony, than before the celebration. Notably, the researchers had shown in earlier experiments using rodents and human tissue that lung exposure to such emissions can lead to oxidation, a chemical process in the body that may damage or even kill cells if left unchecked.

"Our findings suggest that major firework displays can create a temporary spike in air pollution that may pose a health risk to both humans and the environment," said study lead author Terry Gordon, PhD, a professor in the Department of Medicine at NYU Grossman School of Medicine.

In a 2020 study by the same team, the authors analyzed 14 years' worth of air quality samples taken at dozens of sites across the United States by the Environmental Protection Agency (EPA). They found that levels of toxic metals were higher in samples collected around Independence Day and New Year's Eve than at any other time of the year. Past research from other experts has also assessed pollution from firework displays in other countries and has connected such exposure to lung problems such as asthma, pneumonia, and chronic obstructive pulmonary disease, says Gordon. Gordon is also a member of the department's Center for the Investigation of Environmental Hazards and the Division of Environmental Medicine.

The new study, publishing online Aug. 6 in the Journal of Exposure Science & Environmental Epidemiology, takes a more comprehensive look at how firework pollution travels and lingers after the initial event, the authors say.




For the research, the team collected air quality samples using real-time monitors at four residential sites along the East River near the display launch site in Manhattan and in Long Island City in Queens. To confirm the monitors' findings, the investigators analyzed hourly air-quality data from both EPA monitors within a 6-mile radius of the show's launch sites and a network of low-cost particle monitors set up less than a mile away.

Assessing data from EPA monitoring sites in other major cities, the team also documented increases in pollutant levels in Boston, Philadelphia, and Washington, DC, which like New York, showed elevated pollutant levels that lasted between three and 12 hours before returning to baseline.

"While these findings may seem alarming, firework shows can still be enjoyed," said study senior author Antonio Saporito, BA, a doctoral student at NYU Grossman School of Medicine. "Wearing an N-95 or KN95 mask is a good way to avoid inhaling smoke when standing near a display, especially for children and for those with preexisting heart and lung problems."

Saporito says that the 24-hour average of airborne particles estimated in the study was 25 micrograms per cubic meter, which falls within the EPA's health guidelines, although it does surpass those set by the World Health Organization. He adds that the authors did not take into account local, unregulated firework exhibitions that could have also contributed to environmental pollution.

Next, the team plans to repeat their investigation by analyzing data collected during Macy's 2024 Fourth of July celebration, which was launched over the Hudson River on Manhattan's West Side, and examine potential health effects tied to such events.

Study funding was provided by NYU Langone.

In addition to Gordon and Saporito, other NYU Langone investigators involved in the study are David Luglio, PhD; Beck Kim, BS; Tri Huynh, BS; Rahanna Khan, MS; Amna Raja, MS; Kristin Terez, MS; Nicole Camacho-Rivera, MS; Rachel Gordon, BA; Julie Gardella, BA; Maria Katsigeorgis, MS; Rodney Graham, BA; Thomas Kluz, BS; and Max Costa, PhD.
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What happens to your brain when you drink with friends? | ScienceDaily
Grab a drink with friends at happy hour and you're likely to feel chatty, friendly and upbeat. But grab a drink alone and you may experience feelings of depression. Researchers think they now know why this happens.


						
"Social settings influence how individuals react to alcohol, yet there is no mechanistic study on how and why this occurs," said Kyung-An Han, Ph.D., a biologist at The University of Texas at El Paso who uses fruit flies to study alcoholism.

Now, Han and a team of UTEP faculty and students have taken a key step in understanding the neurobiological process behind social drinking and how it boosts feelings of euphoria. Their new study, published in a recent issue of the journal Addiction Biology, pinpoints the region of the brain that is stimulated by social drinking and may lead to a better understanding of how humans become vulnerable to Alcohol Use Disorder (AUD), a disease that affected nearly 29.5 million people just this past year, according to the National Institute on Alcohol Abuse and Alcoholism.

Turns out that tipsy fruit flies aren't that different from intoxicated humans. Although they might seem like an unconventional choice from which to derive knowledge about human behavior, these insects share about 75% of the same genes that cause human diseases, Han explained.

Using fruit flies, Han and her team sought to demonstrate that ethanol, the alcohol in drinks, causes different reactions in solitary versus group settings and that dopamine, the brain molecule that plays a role in pleasure, motivation and learning, is a key player for this phenomenon.

The team's experiments consisted of exposing fruit flies, either alone or in a group setting, to ethanol vapor and measuring their average speed to determine the degree of ethanol-induced response. While flies who "drank alone" displayed a slight increase in movement, flies exposed to ethanol in a group setting displayed significantly increased speed and movement.

The team then proceeded to test whether dopamine plays a role in the flies' response to ethanol, comparing a control group whose dopamine was naturally regulated by the brain with an experimental group that had increased levels of dopamine.




The team found that the flies, regardless of whether they had normal or increased levels of dopamine, had a similar reaction to ethanol in a solitary setting -- a tiny increase in activity. But in social settings, the flies with increased dopamine showed even more heightened hyperactivity than usual.

"We demonstrated that both social settings and dopamine act together for the flies' heightened response to ethanol," said Han who currently serves as associate dean in the College of Science.

The team's final task was to identify which of the five dopamine receptors in the brain is the largest contributor in this process and found that the D1 dopamine receptor was most important to flies' reaction to ethanol in a social setting.

"The human D1 receptor gene is linked to Alcohol Use Disorder and this study provides experimental validation for it. For the team, the identification of the D1 receptor is crucial as it gives researchers at UTEP and beyond a blueprint for follow up studies," Han explained.

"Our work is providing scientific knowledge to support the idea that the brain interprets and processes a person's social surrounding and has that signal converge into the dopamine system that is also activated by alcohol consumption," said Paul Rafael Sabandal, Ph.D., a research assistant professor in biological sciences and one of the study's corresponding authors. "It gives us as researchers an idea of which brain area and components may serve as the meeting point for all the signals that contribute to AUD."

The team's next step is to explore the intricacies by which the D1 dopamine receptor serves as the nexus point for the signals that contribute to the ethanol, social interaction and AUD.

Han said, "The opportunity to work on projects whose positive impact can be applied at scale is one of the reasons I became a scientist. It's humbling to know that our work has the potential to help people live better lives and our team is going to continue striving toward achieving that goal."

Additional study authors are former UTEP undergraduates Dilean Murillo Gonzalez and Bryan Hernandez Granados, who are now at the Baylor College of Medicine Neuroscience Graduate Program and the Vanderbilt University Postbaccalaureate Program, respectively.

The research was funded by UTEP's Orville Edward Egbert, M.D. Endowment fund.
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Researchers create new treatment and vaccine for flu and various coronaviruses | ScienceDaily
A team of researchers, led by the University of Houston, has discovered two new ways of preventing and treating respiratory viruses. In back-to-back papers in Nature Communications, the team -- from the lab of Navin Varadarajan, M.D. Anderson Professor of William A. Brookshire Chemical and Biomolecular Engineering -- reports the development and validation of NanoSTING, a nasal spray, as a broad-spectrum immune activator for controlling infection against multiple respiratory viruses; and the development of NanoSTING-SN, a pan-coronavirus nasal vaccine, that can protect against infection and disease by all members of the coronavirus family.


						
NanoSTING Therapeutic HIGHLIGHTS 
    	NanoSTING, a nasal spray, can prevent multiple respiratory viruses by activating the immune system and preventing infection from viruses. It can also protect against SARS-CoV-2 reinfection.
    	A single intranasal dose of the NanoSTING has proven effective against strains of SARS-CoV-2 and the flu virus.
    	NanoSTING is complementary to vaccines and enables cells to be in a heightened state of alert to prevent attack from respiratory viruses.

NanoSTING-NS Pan-coronavirus Vaccine HIGHLIGHTS 
    	UH researchers have developed NanoSTING-SN, a nasal vaccine that prevents transmission to the unvaccinated and fights multiple COVID variants.
    	NanoSTING-SN provides the exciting potential towards a universal coronavirus vaccine and may end the cycle of onward transmission and viral evolution in immunocompromised people.
    	Intramuscular vaccines prevent disease but are less efficient in preventing infections. NanoSTING-SN can provide improved protection against transmission for COVID variants and related sarbecoviruses.

NanoSTING 

NanoSTING is a special formula that uses tiny fat droplets to deliver an immune-boosting ingredient called cGAMP. This formula helps the body's cells stay on high alert to prevent attack from respiratory viruses.

"Using multiple models, the team demonstrated that a single treatment with NanoSTING not only protects against pathogenic strains of SARS-CoV-2 but also prevents transmission of highly transmissible variants like the Omicron variants," reports Varadarajan. "Delivery of NanoSTING to the nose ensures that the immune system is activated in the nasal compartment and this in turn prevents infection from viruses."

As the recent COVID19 pandemic illustrated, the development of off-the-shelf treatments that counteract respiratory viruses is a largely unsolved problem with a huge impact on human lives.




"Our results showed that intranasal delivery of NanoSTING, is capable of eliciting beneficial type I and type III interferon responses that are associated with immune protection and antiviral benefit," reports first author and postdoctoral associate, Ankita Leekha.

The authors further show that NanoSTING can protect against both Tamiflu sensitive and resistant strains of influenza, underscoring its potential as a broad-spectrum therapeutic.

"The ability to activate the innate immune system presents an attractive route to armoring humans against multiple respiratory viruses, viral variants and also minimizing transmission to vulnerable people," said Leekha. "The advantage of NanoSTING is that only one dose is required unlike the antivirals like Tamiflu that require 10 doses."

The mechanism of action of NanoSTING is complementary to vaccines, monoclonal antibodies and antivirals, the authors noted.

Nano STING-SN 

Despite the successful implementation of multiple vaccines against SARS-CoV-2, these vaccines need constant updates due to viral evolution, plus the current generation of vaccines only offers limited protection against transmission of SARS-CoV-2.




Enter NanoSTING-SN, a multi-antigen, intranasal vaccine, that eliminates virus replication in both the lungs and the nostrils and has the ability to protect against multiple coronaviruses and variants.

"Using multiple preclinical models, the team demonstrated that the vaccine candidate protects the primary host from disease when challenged with highly pathogenic variants. Significantly, the vaccine also prevents transmission of highly transmissible variants like the Omicron variants to vaccine-naive hosts," reports Varadarajan.

The authors further show that the nasal vaccine was 100% effective at preventing transmission of the Omicron VOCs to unvaccinated hosts.

"The ability to protect against multiple coronaviruses and variants provides the exciting potential towards a universal coronavirus vaccine," said Leekha. "The ability to prevent infections and transmission might finally end this cycle of onward transmission and viral evolution in immunocompromised people."

The research was conducted by a collaborative team at UH including Xinli Liu, College of Pharmacy and Vallabh E. Das, College of Optometry along with Brett L. Hurst of Utah State University and consultation from AuraVax Therapeutics, a spinoff from Varadarajan's Single Cell Lab at UH, which is developing NanoSTING.

Funding for the studies was provided by NIH (R01GM143243), Owens Foundation, and AuraVax Therapeutics.
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People's moral values change with the seasons | ScienceDaily
A new UBC study has revealed regular seasonal shifts in people's moral values.


						
The finding has potential implications for politics, law and health -- including the timing of elections and court cases, as well as public response to a health crisis.

The research published this week in Proceedings of the National Academy of Sciences (PNAS) analyzed survey responses from more than 230,000 people in the U.S. over 10 years and revealed that people's embrace of certain moral values fluctuates depending on the time of year. The seasonal patterns also emerged in smaller data samples from Canada and Australia.

"People's endorsement of moral values that promote group cohesion and conformity is stronger in the spring and fall than it is in the summer and winter," said Ian Hohm, the study's first author and a doctoral student in UBC's psychology department. "Moral values are a fundamental part of how people make decisions and form judgments, so we think this finding might just be the tip of the iceberg in that it has implications for all sorts of other downstream effects."

Since 2009, a website established by social psychology researchers has been collecting survey data that measures participants' endorsement of five moral values:
    	Loyalty: Valuing devotion to one's group and maintaining strong group bonds.
    	Authority: Respecting and following leadership and established rules.
    	Purity: Emphasizing cleanliness, sanctity and upholding tradition.
    	Care: Prioritizing kindness and preventing harm to others.
    	Fairness: Ensuring equal treatment for everyone.

Loyalty, authority and purity are referred to by researchers as "binding" values because they encourage conformity to group norms. They also align closely with modern political conservatism. Care and fairness may be considered more liberal values, with their focus on individual rights and welfare. All have been shown by research to guide people's judgments about right and wrong.

The researchers found that respondents endorsed the "binding" values more strongly in spring and fall, but not as much in summer and winter -- a pattern that was remarkably consistent over 10 years.




They also found evidence that the summer decrease in endorsement of binding moral values was more pronounced in areas with more extreme seasonal climate differences.

Anxiety a possible explanation

The study observed a potential link between these seasonal moral shifts and levels of anxiety, using large-scale data on seasonal anxiety provided by Dr. Brian O'Shea, a co-author of the paper and assistant professor of psychology at the University of Nottingham.

"We noticed that anxiety levels peak in the spring and autumn, which coincides with the periods when people endorse binding values more strongly," said Dr. Mark Schaller, the study's senior author and a professor of psychology at UBC. "This correlation suggests that higher anxiety may drive people to seek comfort in the group norms and traditions upheld by binding values."

Implications for politics, law, health, social relations

The findings have wide-reaching implications, with potential examples including:
    	Elections: The timing of elections could have an impact on outcomes, as shifts in moral values influence political opinions and behaviours.
    	Legal judgments: The timing of trials and legal decisions could be influenced by seasonal variations in moral values, because those who endorse "binding" values tend to be more punitive of those who commit crimes and violate social norms.
    	Disease response: During the COVID-19 pandemic, the extent to which people followed social distancing guidelines and were vaccinated was influenced by their moral values. Knowing these values change with the seasons could help tailor more effective health campaigns.
    	Intergroup prejudice: Seasonal changes in moral values might affect how people view outsiders or those who don't conform to group norms.

The research team plans to delve deeper into the connections between anxiety and moral values and to investigate how these seasonal patterns influence prejudices and legal judgments.
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Scientists probe molecular cause of COVID-19 related diarrhea, revealing potential treatments | ScienceDaily
Working with human stem cells that form a kind of "mini intestine-in-a-dish," Johns Hopkins Medicine scientists say they have found several molecular mechanisms for COVID-19-related diarrhea, suggesting potential ways to control it.


						
Details of the experiments in a model of human intestinal tissue, called enteroids, are described on July 30 in Cellular and Molecular Gastroenterology and Hepatology.

Along with the unpleasant aches, fever, sore throat, cough, respiratory distress and other symptoms that may accompany COVID-19 infection, up to half of people who get the virus will experience diarrhea. Some 30% of them will go on to develop long COVID, a persistent infection marked by debilitating symptoms, including chronic pain, brain fog, shortness of breath, chest pain and intense fatigue.

"While COVID-19 diarrhea is not life-threatening like cholera, it can often predict a severe case and also who gets the long covid syndrome," says Mark Donowitz, M.D., Emeritus Professor of Medicine and Physiology at the Johns Hopkins University School of Medicine.

Some aspects of COVID-19 diarrhea have been determined, including that ACE2, an enzyme to which the virus attaches, and TMPRSS2, an enzyme that allows the virus to enter cells, are present in the intestine. Until now, the mechanisms were not understood, and this research creates a more complete picture of the mechanisms that could lead to potential treatments.

In an effort to determine the mechanism by which COVID-19 diarrhea occurred, Donowitz and his team used a model of normal human intestines called enteroids. Formed by stimulating human stem cells to develop into many of the cells lining the intestine, enteroids form a single layer of cells in a petri dish oriented in the same direction as the normal intestine.

The research team exposed the enteroids to live SARS-CoV-2 virus and saw changes in the gut cells' protein expression and function.




In typical diarrhea caused by bacterial infections, viruses or medication side effects, there are changes in transport proteins that move molecules across cell membranes. These changes inhibit sodium and chloride absorption and produce chloride secretion. In COVID-19 diarrhea, both effects occurred, which is common in diarrheal diseases. Donowitz says that, unlike many diarrheal diseases in which the protein that is the basis of cystic fibrosis is activated, a different class of proteins, called calcium-activated chloride channels, were involved in the chloride secretion in COVID-19 diarrhea.

An unusual aspect of COVID-19 diarrhea was that, while many diarrheal diseases are caused either by direct effects on the transport proteins or by the accompanying inflammation, Donowitz and his team saw a combination of the two in the enteroid cells.

The researchers suggest that the inflammation linked to COVID-19 diarrhea may be similar to the inflammatory effects of COVID-19 in the lungs and other parts of the body. This suggests that testing the role of inhibitors of this response may be a way to treat COVID-19 diarrhea.

"The precise mechanisms of long COVID are a big mystery, although we now know that the virus can persist in the intestine for a long time," Donowitz says. "The next big question is to determine what exactly allows the virus to live in the intestine and what allows the virus to live over a long period of time."

This research was supported in part by the Johns Hopkins University School of Medicine Dean Durso Award and the National Institutes of Health National Institute of Diabetes and Digestive and Kidney Diseases (RO1 DK26523, RO1 DK116352; P30DK089502).

Other authors include Chung-Ming Tse, Rafiq Sarker, Ruxian Lin, Tyrus Vong, G. McNamara, Varsha Singh, Chenxu Guo, Shang JuiTsai, Andrew Karaba, Andrea Cox, Steven Gould, Olga Kovbasnjuk and Nicholas C. Zachos of Johns Hopkins Medicine, Jaiprasath Sachithanandhan and Andy Pekosz of the Johns Hopkins Bloomberg School of Public Health, Karol Dokladny, Manmeet Rawat, Julie In, Alison Kell, and Steven Bradfute of the University of New Mexico Health Sciences Center, and Ivy Horwitz and ChunYan Ye of the University of New Mexico Center for Global Health.
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Hospital pneumonia diagnoses are uncertain, revised more than half the time, study finds | ScienceDaily
Pneumonia diagnoses are marked by pronounced uncertainty, an AI-based analysis of over 2 million hospital visits has found.


						
More than half the time, a pneumonia diagnosis made in the hospital will change from a patient's entrance to their discharge -- either because someone who was initially diagnosed with pneumonia ended up with a different final diagnosis, or because a final diagnosis of pneumonia was missed when a patient entered the hospital (not including cases of hospital-acquired pneumonia).

The study describing the new results publishes August 6th in Annals of Internal Medicine.

Barbara Jones, MD, MSCI, pulmonary and critical care physician at University of Utah Health and the first author on the study, found the results by searching medical records from more than 100 VA medical centers across the country, using artificial intelligence-based tools to identify mismatches between initial diagnoses and diagnoses upon discharge from the hospital. More than ten percent of all such visits involved a pneumonia diagnosis, either when a patient entered the hospital, when they left, or both.

"Pneumonia can seem like a clear-cut diagnosis," Jones says, "but there is actually quite a bit of overlap with other diagnoses that can mimic pneumonia." A third of patients who were ultimately diagnosed with pneumonia did not receive a pneumonia diagnosis when they entered the hospital. And almost 40% of initial pneumonia diagnoses were later revised.

The study also found that this uncertainty was often evident in doctors' notes on patient visits; clinical notes on pneumonia diagnoses in the emergency department expressed uncertainty more than half the time (58%), and notes on diagnosis at discharge expressed uncertainty almost half the time (48%). Simultaneous treatments for multiple potential diagnoses were also common.

When the initial diagnosis was pneumonia, but the discharge diagnosis was different, patients tended to receive a greater number of treatments in the hospital, but didn't do worse than other patients as a general rule. However, patients who initially lacked a pneumonia diagnosis, but ultimately ended up diagnosed with pneumonia, had worse health outcomes than other patients.

The new results call into question much of the existing research on pneumonia treatment, which tends to assume that initial and discharge diagnoses will be the same. Jones adds that doctors and patients should keep this high level of uncertainty in mind after an initial pneumonia diagnosis and be willing to adapt to new information throughout the treatment process. "Both patients and clinicians need to pay attention to their recovery and question the diagnosis if they don't get better with treatment."

The study publishes in the August 6th issue of Annals of Internal Medicine as "Diagnostic Discordance, Uncertainty, and Treatment Ambiguity in Community-Acquired Pneumonia: A National Cohort Study of 115 U.S. Veterans Affairs Hospitals."
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Researchers find gene which determines marsupial fur color | ScienceDaily
Fur is a defining characteristic of mammals, coming in a wide variety of colours and patterns -- thanks to a world-first study, we now know which genes make a marsupial's coat black or grey.


						
Researchers from New Zealand's University of Otago -- ?t?kou Whakaihu Waka and Manaaki Whenua Landcare Research analysed brushtail possum DNA to better understand the evolution of fur colour variation.

Published in Royal Society Open Science, the study built on the group's earlier work of sequencing the entire genome of the New Zealand brushtail possum.

Co-lead Dr Donna Bond, of Otago's Department of Anatomy, says it is the first time anyone has looked at coat colour genetic variation in a natural population of marsupials.

"Although marsupials -- which include koalas and wombats -- are quite distantly related to us, we think of them as cute and cuddly because of their fur. Our research now reveals why most of them have grey fur, but some are black.

"The colour of a mammal's fur is intrinsic to its identity -- knowing the molecular reasons why is important to relate it to other animal systems, particularly for understudied marsupials," she says.

Possums are one of the few marsupials where natural coat colour variation exists. In Australia, where they are considered a cultural treasure, many Tasmanian possums are black, while on the mainland they are grey. In New Zealand, where they are considered a pest after being introduced in the 1850s to establish a fur trade, these subspecies interbreed at high rates.




"Due to this interbreeding, we knew we could pin down the genes responsible quite easily and provide a good model for other marsupials with coat colour variation that are harder to study," Dr Bond says.

But the work was not limited to just possums -- the researchers also found the protein responsible for colour variation, Agouti Signalling Protein (ASIP), is rapidly evolving in the carnivorous dasyurid marsupials.

Study director Associate Professor Tim Hore, also of Otago's Department of Anatomy, describes these animals as "perhaps the most colourful and interesting marsupials" based on their fur.

"You have the quolls who are spotted and can be either black or grey, and the famously striped tigers and devils with blotches from Tasmania.

"We can now connect rapid molecular evolution of coat colour genes with the role of these carnivorous marsupials as predators needing to avoid detection from prey," he says.

Coat colour variation is thought to have evolved in mammals many times over to fulfil certain functions.




"For a nocturnal animal like the possum, having black fur may help conceal it from predators in Tasmania, but perhaps this is not needed on the Australian mainland.

"As possums continue to adapt and evolve in New Zealand, where they don't have many predators other than humans, it will be interesting to see whether black or grey coat colour is preferred in certain locations or not," Associate Professor Hore says.

*Possum skins and fur are a cultural treasure in Australia, where Southern Aboriginal tribes use their skins for cloaks, depicting images and stories on them throughout life. Historically, possum fur and skin were used to make balls for sports including marngrook, which some believe to be a founding influence in Australian Rules Football.

While possums are protected in Australia, they are considered a pest in New Zealand where possum fur and skin continue to be harvested due to its superior insulating properties.
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Advanced chelators offer efficient and eco-friendly rare earth element recovery | ScienceDaily
The world is going to need a lot of weird metals in the coming years, according to chemistry professor Justin Wilson at UC Santa Barbara. But he isn't talking about lithium, cobalt or even beryllium. Wilson's interested in dysprosium, which is so hidden in the periodic table that you'd be forgiven for thinking he made it up.


						
Rare earth elements (REEs) like dysprosium have a lot of niche uses in modern electronics. So much so that the U.S. Department of Energy classifies them as "critical minerals." And while they aren't quite as rare as noble metals like platinum or gold, they are difficult to obtain from natural deposits. They also share extremely similar chemical properties, making them devilishly difficult to isolate from one another.

But a team led by Wilson and postdoctoral researcher Yangyang Gao has just developed a technique to purify certain REEs at room temperature without relying on the toxic and caustic compounds currently used for the task. The results, published in the journal Angewandte Chemie, promise a safer, more effective way to process these metals from mining operations and recover them from electronic waste.

Useful elements out of the public eye

Rare earth elements include scandium, yttrium and the lanthanides -- the first of the two rows that publishers excise from the periodic table so that it fits on a single page. The lanthanides (and actinides below them) actually slot in just to the right of the second column. You may be familiar with the REE neodymium as the metal used to make crazy strong magnets. Wilson is interested in neodymium as well.

These elements share many chemical properties, making them tough to separate from one another. They all form ions with a +3 charge, and they all prefer to bond with non-metals in the second row of the periodic table (like oxygen and nitrogen). Fortunately, they differ slightly in their ionic radius, or size. However, their sizes are still fairly similar, with only a 16% change in radius across the series.

Despite their similar physical and chemical properties, the REEs do have their distinguishing features. Differences in the number and arrangement of valence electrons confer each of these elements with distinct magnetic and optical properties. Only by isolating them in pure samples can we take advantage of these unique characteristics.




Tuning the technique

The current industry standard for separating REEs from one another is called liquid-liquid extraction, which combines an organic solvent (such as a kerosene or benzene) and a water-based solvent. "It's like salad dressing at this point, where you have two phases and they don't mix," Wilson said. So chemists add molecules called chelators into the organic solvent that are designed to bind to REEs.

The key is that these chelators have a slight preference for smaller atoms, which enables them to separate one type of REE from another based on size. Still the process is rather inefficient: only a couple percent enrichment for each extraction cycle. Obtaining a sufficiently pure sample of a particular element for industrial use requires many liquid-liquid extraction cycles, which generates a lot of chemical waste.

Wilson and his co-authors at Cornell and University of Nevada, Reno, developed more optimized chelators and a process that doesn't require an organic solvent. This eliminates substances that are often inflammable, carcinogenic and toxic.

The authors tested their method in a solution of dysprosium (Dy) and neodymium (Nd). They used a specific chelator, called G-macropa, to bind to the larger Nd atoms, and then added sodium bicarbonate (aka baking soda) to cause the smaller Dy to precipitate as a carbonate salt. This can simply be filtered out and processed to recover the pure metal. Decreasing the acidity of the remaining solution enabled them to separate the Nd from the chelator, which can then be reused.

A single cycle of this new process can concentrate dysprosium by a factor of over 800, compared to less than 10 for liquid-liquid extraction.




"[I was very surprised] when my postdoc, Yangyang, showed me the elemental analysis data," Wilson said. After repeating the test to confirm the results, the team realized just how fine-tuned their chelator was for this separation process.

By collaborating with David Cantu, a professor at UN Reno, they were able to understand and compare the efficacy of G-macropa to other chelators at a molecular level. These theoretical studies will help scientists design second-generation analogues.

Large applications and small adjustments

This efficiency is important for scaling the process because the G-macropa chelator is more complex, and thus expensive, than the ones in standard use. The team is also exploring chelators that may be less expensive to produce.

Wilson and his co-authors focused on separating Nd from Dy because the two elements are abundant in e-waste, particularly those neodymium magnets. Indeed, they performed their experiments on e-waste to emphasize its potential for making recycling an economically viable source of REEs.

They're working to tailor this technique to other assemblages of rare earth elements as well as ensuring it works with high concentrations of REEs more similar to industrial sources.

Advances in separating rare earth elements could massively impact the supply chain for these metals. The United States has large deposits of REEs, but important environmental and health regulations have prevented American industries from competing with China, where these safeguards are much more lax.

"A cleaner and more efficient separation of these elements could potentially open up domestic supplies of the rare earth elements," Wilson said. This would be a win-win for national security and the American economy as these weird metals become ever more important.
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Soft gold enables connections between nerves and electronics | ScienceDaily
Gold does not readily lend itself to being turned into long, thin threads. But researchers at Linkoping University in Sweden have now managed to create gold nanowires and develop soft electrodes that can be connected to the nervous system. The electrodes are soft as nerves, stretchable and electrically conductive, and are projected to last for a long time in the body.


						
Some people have a "heart of gold," so why not "nerves of gold"? In the future, it may be possible to use this precious metal in soft interfaces to connect electronics to the nervous system for medical purposes. Such technology could be used to alleviate conditions such as epilepsy, Parkinson's disease, paralysis or chronic pain. However, creating an interface where electronics can meet the brain or other parts of the nervous system poses special challenges.

"The classical conductors used in electronics are metals, which are very hard and rigid. The mechanical properties of the nervous system are more reminiscent of soft jelly. In order to get an accurate signal transmission, we need to get very close to the nerve fibres in question, but as the body is constantly in motion, achieving close contact between something that is hard and something that is soft and fragile becomes a problem," says Klas Tybrandt, professor of materials science at the Laboratory of Organic Electronics at Linkoping University, who led the research.

Researchers therefore want to create electrodes that have good conductivity as well as mechanical properties similar to the softness of the body. In recent years, several studies have shown that soft electrodes do not damage the tissue as much as hard electrodes may do. In the current study, published in the journal Small, a group of researchers at Linkoping University have developed gold nanowires -- a thousand times thinner than a hair -- and embedded them in an elastic material to create soft microelectrodes.

"We've succeeded in making a new, better nanomaterial from gold nanowires in combination with a very soft silicone rubber. Getting these to work together has resulted in a conductor that has high electrical conductivity, is very soft and made of biocompatible materials that function with the body," says Klas Tybrandt.

Silicone rubber is used in medical implants, such as breast implants. The soft electrodes also include gold and platinum, metals that are common in medical devices for clinical use. However, making long, narrow gold nanostructures is very difficult. This has so far been a major obstacle, but the researchers have now come up with a new way to manufacture gold nanowires. And they do it by using silver nanowires.

As silver has unique properties that make it a very good material to create the kind of nanowires that the researchers are after, it is used in some stretchable nanomaterials. The problem with silver is that it is chemically reactive. In the same way that silver cutlery will discolour over time when chemical reactions occur on the surface, silver in nanowires breaks down so that silver ions leak out. In a high enough concentration, silver ions can be toxic to us.




It was when Laura Seufert, a doctoral student in Klas Tybrandt's research group, was working on finding a way to synthesize, or "grow," gold nanowires that she came up with a new approach that opened up new possibilities. At first, it was difficult to control the shape of the nanowires. But then she discovered a way that resulted in very smooth wires. Instead of trying to grow gold nanowires from the beginning, she started with a thin nanowire made of pure silver.

"As it's possible to make silver nanowires, we take advantage of this and use the silver nanowire as a kind of template on which we grow gold. The next step in the process is to remove the silver. Once that's done, we have a material that has over 99 per cent gold in it. So it's a bit of a trick to get around the problem of making long narrow gold nanostructures," says Klas Tybrandt.

In collaboration with Professor Simon Farnebo at the Department of Biomedical and Clinical Sciences at Linkoping University, the researchers behind the study have shown that the soft and elastic microelectrodes can stimulate a rat nerve as well capture signals from the nerve.

In applications where the soft electronics are to be embedded in the body, the material must last for a long time, preferably for life. The researchers have tested the stability of the new material and concluded that it will last for at least three years, which is better than many of the nanomaterials developed so far.

The research team is now working on refining the material and creating different types of electrodes that are even smaller and can come into closer contact with nerve cells.

The research has been funded with support from, among others, the Swedish Foundation for Strategic Research, the Swedish Research Council, the Knut and Alice Wallenberg Foundation and through the Swedish Government's strategic research area in advanced functional materials, AFM, at Linkoping University.
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Ketogenic Diet may reduce friendly gut bacteria and raise cholesterol levels | ScienceDaily

Key findings include:
    	Increased Cholesterol: The keto diet raised cholesterol levels, particularly in small and medium sized LDL particles. The diet increased apolipoprotein B (apoB), which causes plaque buildup in arteries. In contrast, the low-sugar diet significantly reduced cholesterol in LDL particles.

    	Reduced Favourable Gut Bacteria: The keto diet altered gut microbiome composition, notably decreasing Bifidobacteria, beneficial bacteria often found in probiotics. This bacteria has wide ranging benefits: producing b vitamins, inhibiting pathogens and harmful bacteria and lowering cholesterol. Sugar restriction did not significantly impact the gut microbiome composition.

    	Glucose Tolerance: The keto diet reduced glucose tolerance, meaning the adults' bodies became less efficient at handling carbohydrates.

    	Both Diets Resulted In Fat Loss: Keto Diet resulted in an average of 2.9 kg fat mass loss per person, whilst the sugar restricted diet followed with an average 2.1 kg fat mass loss per person at 12 weeks.

    	Metabolism: Researchers also noticed that the keto diet caused significant changes in lipid metabolism and muscle energy use, shifting the body's fuel preference from glucose to fats.

    	Physical Activity Levels: Both sugar restriction and keto diets achieved fat loss without changing physical activity levels. Previous studies from the Centre for Nutrition, Exercise and Metabolism have shown that skipping breakfast or intermittent fasting cause reductions in physical activity.

Lead researcher Dr. Aaron Hengist highlighted the concerning cholesterol findings:

"Despite reducing fat mass, the ketogenic diet increased the levels of unfavourable fats in the blood of our participants, which, if sustained over years, could have long-term health implications such as increased risk of heart disease and stroke."

Dr. Russell Davies, who led the microbiome research, explained the impact on gut health:

"Dietary fibre is essential for the survival of beneficial gut bacteria like Bifidobacteria. The ketogenic diet reduced fibre intake to around 15 grams per day, half the NHS recommended intake. This reduction in Bifidobacteria might contribute to significant long-term health consequences such as an increased risk of digestive disorders like irritable bowel disease, increased risk of intestinal infection and a weakened immune function."

Professor Javier Gonzalez, who oversaw the research, commented on the glucose findings:

"The ketogenic diet reduced fasting glucose levels but also reduced the body's ability to handle carbs from a meal. By measuring proteins in muscle samples taken from participants' legs, we think this is probably an adaptive response to eating less carbohydrates day-to-day and reflects insulin resistance to storing carbs in muscle. This insulin resistance is not necessarily a bad thing if people are following a ketogenic diet, but if these changes persist when people switch back to a higher carbohydrate diet it could increase the risk of developing type 2 diabetes in the long-term"




In light of this new research, the academics conclude that if you're considering a diet, a low sugar one will be better for most people. More work is needed to understand how individuals may benefit from each type of diet. The government recommends that free sugars (those added to food or drink or found naturally in honey, syrups, fruit juices and smoothies) should be restricted to less than 5% of total energy intake. Professor Dylan Thompson, who also oversaw the work, said:

"The ketogenic diet is effective for fat loss, but it comes with varied metabolic and microbiome effects that may not suit everyone. In contrast, sugar restriction supports government guidelines for reducing free sugar intake, promoting fat loss without apparent negative health impacts."

This work was supported by an initial grant from The Rank Prize Funds, with subsequent funding from Cosun Nutrition Center, The University of Bath, and Ian Tarr. Exploratory analyses included fellowship support for some investigators from the British Heart Foundation and Medical Research Council.
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Sport or snack? How our brain decides | ScienceDaily
Should I go and exercise, or would I rather go to the cafe and enjoy a delectable strawberry milkshake? Until now, what exactly happens in our brain when we make this decision has been a mystery to science, but researchers at ETH Zurich have found the solution. They deciphered which brain chemical and which nerve cells mediate this decision: the messenger substance orexin and the neurons that produce it.


						
These neuroscientific fundamentals are relevant because many people don't get enough exercise. Most of us have probably already decided once or even several times to skip exercising in favour of one of the numerous alternative temptations of daily life. According to the World Health Organization, 80 percent of adolescents and 27 percent of adults don't get enough exercise. And obesity is increasing at an alarming rate not only among adults but also among children and adolescents.

Focus on orexin

"Despite these statistics, many people manage to resist the constantly present temptations and get enough exercise," says Denis Burdakov, Professor of Neuroscience at ETH Zurich. "We wanted to know what it is in our brain that helps us make these decisions."

In their experiments with mice, the researchers were able to show that orexin plays a key role in this process. It's one of over a hundred messenger substances that are active in the brain. Other chemical messengers, such as serotonin and dopamine, were discovered a long time ago and their role has largely been decoded. The situation for orexin is different: researchers discovered it relatively late, around 25 years ago, and they are now clarifying its functions step by step. Burdakov is one of the scientists who have devoted their efforts to studying orexin.

Existing knowledge can't explain the choice

"In neuroscience, dopamine is a popular explanation for why we choose to do some things but avoid others," says Burdakov. This brain messenger is critical for our general motivation. "However, our current knowledge about dopamine does not easily explain why we decide to exercise instead of eating," the scientist continues. "Our brain releases dopamine both when we eat and when we exercise, which does not explain why we choose one over the other."

To find out what does, the researchers devised a sophisticated behavioural experiment for mice, which were able to choose freely from among eight different options in ten-minute trials. These included a wheel they could run on and a "milkshake bar" where they could enjoy a standard strawberry-flavoured milkshake. "Mice like a milkshake for the same reason people do: it contains lots of sugar and fat and tastes good," says Burdakov.




Less time at the milkshake bar

In their experiment, the scientists compared different groups of mice: one made up of normal mice and one in which the mice's orexin systems were blocked, either with a drug or through genetic modification of their cells.

The mice with an intact orexin system spent twice as much time on the running wheel and half as much time at the milkshake bar as the mice whose orexin system had been blocked. Interestingly, however, the behaviour of the two groups didn't differ in experiments in which the scientists only offered the mice either the running wheel or the milkshake. "This means that the primary role of the orexin system is not to control how much the mice move or how much they eat," Burdakov says. "Rather, it seems central to making the decision between one and the other, when both options are available." Without orexin, the decision was strongly in favour of the milkshake, and the mice gave up exercising in favour of eating.

Helping people who do little exercise

The ETH Zurich researchers expect that orexin may also be responsible for this decision in humans; the brain functions involved here are known to be practically the same in both species. "It will now be a matter of verifying our results in humans," says Daria Peleg-Raibstein, group leader at ETH Zurich. She led the study together with Denis Burdakov. This could involve examining patients who have a restricted orexin system for genetic reasons -- this is the case in around one in two thousand people. These people suffer from narcolepsy (a sleeping disorder). Another possibility would be to observe people who receive a drug that blocks orexin. Such drugs are authorised for patients with insomnia.

"If we understand how the brain arbitrates between food consumption and physical activity, we can develop more effective strategies for addressing the global obesity epidemic and related metabolic disorders," says Peleg-Raibstein. In particular, interventions could be developed to help overcome exercise barriers in healthy individuals and those whose physical activity is limited. However, Burdakov points out that these would be important questions for scientists involved in clinical research in humans. He and his group have dedicated themselves to basic neuroscientific research. Next he wants to find out how the orexin neurons interact with the rest of the brain when making decisions like the one between exercise and snacking.
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A new way of thinking about the economy could help protect the Amazon, and help its people thrive | ScienceDaily
To protect the Amazon and support the wellbeing of its people, its economy needs to shift from environmentally harmful production to a model built around the diversity of indigenous and rural communities, and standing forests.


						
A group of conservationists from Bolivia, Brazil, Peru, Ecuador, the US and the UK say that current conservation and development efforts will never sustain or scale without systemic changes in how economies are designed.

Despite extensive destruction of the Amazon in the name of economic development, Amazonian communities have seen little improvement in income, life expectancy, and education. The researchers have proposed a new model and associated policy changes that could create fair and sustainable futures for the Amazon and its people by improving infrastructure, supply chains, and social organisations.

Their results, reported in the journal Nature Ecology and Evolution, are focused on the Amazon, however the researchers say similar economic models could be implemented around the world if the political will exists.

The Amazon basin is home to the world's largest tropical rainforest, representing over half of the world's remaining rainforest, and stores vast amounts of carbon. However, decades of large-scale deforestation, as well as the increased risk of fires and floods due to climate change, has put much of the Amazon rainforest under threat. In addition to what the loss of the Amazon would mean for global carbon emissions, the rainforest is also home to many indigenous peoples and thousands of species of plants and animals.

"We need a different vision for the Amazon if we're going to protect it," said lead author Professor Rachael Garrett from the University of Cambridge's Department of Geography and the Conservation Research Institute. "Half a century of deforestation and exploitation of the Amazon has not resulted in widespread development, and now the economic value of deforested areas is threatened, not to mention the threats to the global climate and water security."

Working with colleagues from the Amazonian region, Garrett has proposed building on the success of indigenous and traditional communities to develop new economies, which could protect much of the Amazon while also improving the livelihoods, health, and food security of the many people who live there. These economic models are known as socio-bioeconomies, or SBEs.




"Conventional economic models can result in short-term gains, but over the longer term, the people and resources of the Amazon basin have been exploited by powerful interests, while there has been an underinvestment in education, innovation, and sustainable infrastructure," said Garrett. "The conventional economic model is simply not sustainable."

The SBE model is focused on using and restoring Amazonian and other ecosystems sustainably, and supporting indigenous and rural communities. An SBE economy might include eco-friendly tourism, or the sustainable harvest and processing of plant products into valuable foods, beverages, clothing, and medicines.

"A limited range of interests are controlling the development agenda in most countries," said Garrett. "The only way we can change that is improving the rights and representation of the people who are not benefiting from the systems and are being harmed by ongoing environmental destruction. We believe it is possible to have win-wins for humanity and conservation, but not if we continue to consume products that have a massively negative impact. SBEs can help put these win-wins into policy and practice."

Garrett cites the footwear brand Veja as an example of such a win-win. The French company buys the rubber for its sneakers from small-scale Amazonian rubber farmers, and purchases 100% of the responsibly harvested native rubber in Brazil. As part of its sustainability efforts, the company focuses on building communities of small-scale farmers and has been financially successful without traditional advertising.

Garrett and her collaborators are calling for massive increases in social mobilisation, technology and infrastructure to support SBEs. Under an SBE model, governmental subsidies would be redirected away from agribusiness and toward smaller-scale sustainable development. The researchers also outline how to build connections between rural and urban policies in SBEs. An example is the establishment of public procurement programmes where healthy and sustainably produced foods are purchased directly from indigenous and small farming communities and served in school lunch programmes and hospitals, instead of supporting large-scale agribusiness engaged in degrading practices.

Other policy changes that could support an SBE model include redirecting finance to conservation and restoration activities, supporting community enterprises, and ensuring participatory processes to ensure inclusive, long-term benefits.

"It's possible to have an economy that is strong and works for everyone when we dare to develop new models and visions that recognise the interconnectedness of people and nature," said Garrett. "By popularising these ideas, investing in people and businesses who are making a difference, and supporting research into SBE innovation we can support a transformation in both conservation and development in the Amazon.

"The SBE model could help protect the Amazon and its people while avoiding climate and biodiversity disasters, but there needs to be the political will to make it happen."

Rachael Garrett is the incoming director of the University of Cambridge Conservation Research Institute and a Fellow of Homerton College, Cambridge. She is a council member of the Cambridge Conservation Initiative and serves on the UN Science Panel for the Amazon.
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ALS diagnosis and survival linked to metals in blood, urine | ScienceDaily
People with higher levels of metals found in their blood and urine may be more likely to be diagnosed with -- and die from -- amyotrophic lateral sclerosis, or ALS, a University of Michigan-led study suggests.


						
Researchers have known that ALS, a rare but fatal neurodegenerative condition, is influenced by genetic and environmental factors, including exposure to pesticides and metals.

This latest study examined the levels of metals in the blood and urine of people with and without ALS, finding that exposure to individual and mixtures of metals is associated with a greater risk for ALS and shorter survival.

The results are published in the Journal of Neurology, Neurosurgery, and Psychiatry.

"Strengthening our understanding of the importance of exposure to metals as a risk factor for ALS is essential for future targeted prevention of the disease and improved therapeutic strategies," said senior author Stephen Goutman, M.D., M.S., director of the Pranger ALS Clinic and associate director of the ALS Center of Excellence at University of Michigan.

"Several epidemiologic studies have linked metal exposure to ALS risk. Nonetheless, it remains critical for us to understand how these metal mixtures associate with ALS risk and survival and to identify who is at greatest risk of exposure or who is most susceptible to the exposure."

Goutman's team measured metal levels in plasma and urine samples from over 450 people with ALS and nearly 300 people without the condition.




They found that elevated levels of individual metals, including copper, selenium and zinc, significantly associated with higher ALS risk and earlier death.

They then used these results to create environmental ALS risk scores, similar to the polygenic risk scores previously developed at U-M. The environmental risk scores indicated that mixtures of metals in plasma and urine are linked to around a three-times greater risk for the disease.

In this study, the inclusion of an ALS polygenic risk score to assess a potential moderating effect of underlying genetic factors did not alter the association between metal exposure and disease risk or survival.

"While several studies suggest that environmental factors like metals interact with genetic variants to influence the onset, progression and severity of ALS, our study found that accounting for ALS polygenic risk scores did not influence the relationship between metal exposure and ALS," said co-author Kelly Bakulski, Ph.D., associate professor of epidemiology at the University of Michigan School of Public Health.

"The relationships between genes and the environment on disease risk are complex, and future insights into other genetic factors or pathways that may be involved in ALS risk and metabolism of metals could enhance our understanding."

Investigators also discovered that participants working in occupations with a higher likelihood of metal exposure had increased levels of metal mixtures in their blood and urine.




This echoes a previous study from the research team which found that people with ALS reported higher occupational exposure to metals prior to diagnosis.

"These findings emphasize the necessity of accounting for occupational and environmental factors when evaluating a person's overall exposure risk," said first author Dae Gyu Jang, Ph.D., postdoctoral fellow in the U-M Health Department of Neurology.

By avoiding high risk activities associated with metal exposures, Goutman says, individuals might lower their overall exposure and potentially mitigate risk.

"Our future research will further focus on what exposures have the strongest associations and their implications on the disease," he said.

Funding for this study was provided in part by the National Institute of Neurological Disorders and Stroke (R01NS127188), the National Institute of Environmental Health Sciences (K23ES027221, R01ES030049), the Centers for Disease Control and Prevention (R01TS000344) and the ALS Association (20-IIA-532, 20-PP-661).
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Carvings at ancient monument may be world's oldest calendars | ScienceDaily
Markings on a stone pillar at a 12,000 year-old archaeological site in Turkey likely represent the world's oldest solar calendar, created as a memorial to a devastating comet strike, experts suggest.


						
The markings at Gobekli Tepe in southern Turkey -- an ancient complex of temple-like enclosures adorned with intricately carved symbols -- could record an astronomical event that triggered a key shift in human civilisation, researchers say.

The research suggests ancient people were able to record their observations of the sun, moon and constellations in the form of a solar calendar, created to keep track of time and mark the change of seasons.

Fresh analysis of V-shaped symbols carved onto pillars at the site has found that each V could represent a single day. This interpretation allowed researchers to count a solar calendar of 365 days on one of the pillars, consisting of 12 lunar months plus 11 extra days.

The summer solstice appears as a separate, special day, represented by a V worn around the neck of a bird-like beast thought to represent the summer solstice constellation at the time. Other statues nearby, possibly representing deities, have been found with similar V-markings at their necks.

Since both the moon's and the sun's cycles are depicted, the carvings could represent the world's earliest so-called lunisolar calendar, based on the phases of the moon and the position of the sun -- pre-dating other known calendars of this type by many millennia.

Ancient people may have created these carvings at Gobekli Tepe to record the date a swarm of comet fragments hit Earth nearly 13,000 years ago -- or 10,850 BC -- researchers say.




The comet strike is suggested to have ushered in a mini ice age lasting over 1,200 years, wiping out many species of large animals. It could also have triggered changes in lifestyle and agriculture thought to be linked to the birth of civilisation soon afterwards in the fertile crescent of West Asia.

Another pillar at the site appears to picture the Taurid meteor stream -- which is thought to be the source of the comet fragments -- lasting 27 days and emanating from the directions of Aquarius and Pisces.

The find also appears to confirm that ancient people were able to record dates using precession -- the wobble in Earth's axis which affects the movement of constellations across the sky -- at least 10,000 years before the phenomenon was documented by Hipparchus of Ancient Greece in 150 BC.

The carvings appear to have remained important to the people of Gobekli Tepe for millennia, suggesting the impact event may have triggered a new cult or religion that influenced the development of civilisation.

The find also supports a theory that Earth faces increased comet strikes as its orbit crosses the path of circling comet fragments, which we normally experience as meteor streams.

Dr Martin Sweatman, of the University of Edinburgh's School of Engineering, who led the research, said: "It appears the inhabitants of Gobekli Tepe were keen observers of the sky, which is to be expected given their world had been devastated by a comet strike. This event might have triggered civilisation by initiating a new religion and by motivating developments in agriculture to cope with the cold climate. Possibly, their attempts to record what they saw are the first steps towards the development of writing millennia later."
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Heating for fusion: Why toast plasma when you can microwave it! | ScienceDaily
Some believe the future of fusion in the U.S. lies in compact, spherical fusion vessels. A smaller tokamak, it is thought, could offer a more economical fusion option. The trick is squeezing everything into a small space. New research suggests eliminating one major component used to heat the plasma, freeing up much-needed space.


						
Scientists at the U.S. Department of Energy's (DOE) Princeton Plasma Physics Laboratory (PPPL), the private company Tokamak Energy and Kyushu University in Japan have proposed a design for a compact, spherical fusion pilot plant that heats the plasma using only microwaves. Typically, spherical tokamaks also use a massive coil of copper wire called a solenoid, located near the center of the vessel, to heat the plasma. Neutral beam injection, which involves applying beams of uncharged particles to the plasma, is often used as well. But much like a tiny kitchen is easier to design if it has fewer appliances, it would be simpler and more economical to make a compact tokamak if it has fewer heating systems.

The new approach eliminates ohmic heating, which is the same heating that happens in a toaster and is standard in tokamaks. "A compact, spherical tokamak plasma looks like a cored apple with a relatively small core, so one does not have the space for an ohmic heating coil," said Masayuki Ono, a principal research physicist at PPPL and lead author of the paper detailing the new research. "If we don't have to include an ohmic heating coil, we can probably design a machine that is easier and cheaper to build."

Identifying the ideal beam angle and heating mode

Microwaves are a form of electromagnetic radiation that can be generated using a device known as a gyrotron. The gyrotrons would sit on the outside of the tokamak -- metaphorically speaking, just outside the apple skin -- aimed toward the core. As the gyrotrons emitted powerful waves into the plasma, they would generate a current by moving negatively charged particles known as electrons. This process, known as electron cyclotron current drive (ECCD), both drives a current in and heats up the plasma. The heating process is not as simple as just turning on some gyrotrons, however. The researchers need to model different scenarios and determine various details, such as the best angle to aim the gyrotrons so the microwaves penetrate the plasma properly.

Using a computer code called TORAY coupled with one called TRANSP, the team scanned the aiming angles and saw what gave the highest efficiency. The goal is to use as little power as possible to drive the necessary current. "Also, you have to try to avoid any of the power that you're putting into the plasma coming back out," said Jack Berkery, a co-author on the paper and the deputy director of research for the National Spherical Torus Experiment-Upgrade (NSTX-U). This can happen when the microwaves are reflected off the plasma or when they enter the plasma but exit without changing the plasma's current or temperature. "There were a lot of scans of different parameters to find the best solution," Berkery said.

The research team also determined which mode of ECCD would work best for each phase of the heating process. There are two modes: ordinary mode, known as O mode, and extraordinary mode, known as X mode. The researchers see X mode as the best fit for ramping up the temperature and current of the plasma, while O mode is the best choice after the ramp-up, when the plasma temperature and current simply need to be maintained.




"O mode is good for a high-temperature, high-density plasma. But we found that O mode efficiency becomes very poor at lower temperatures, so you need something else to take care of the low-temperature regime," said Ono.

Considering the impact of impurities

The authors, including postdoctoral researcher Kajal Shah, also investigated how power would radiate away from the plasma. Such radiation could be significant in a plasma as big as one needed for commercial fusion. Luis Delgado-Aparicio, the Lab's head of the Advanced Projects Department and a co-author on the paper, notes that it will be particularly important to minimize the number of impurities from elements with a high atomic number, which is also known as a Z number, in the periodic table. Those are the elements with many positively charged particles, known as protons. The more protons an element has, the higher its Z number and the more it can contribute to heat loss. Tungsten and molybdenum, for example, have Z numbers, so their use inside a compact spherical tokamak would need to be carefully considered with an eye toward running the reactor in ways that would reduce impurity transfer into the plasma.

While the strong magnetic fields largely confine the plasma inside a tokamak in a particular shape, sometimes plasma can come close to the interior walls of the tokamak. "When this happens, atoms from the walls can sputter off and enter the plasma, cooling it," said Delgado-Aparicio. "Even a relatively small amount of an element with a high Z number can cause the temperature of the plasma to cool significantly." So, it is particularly important to keep impurities out of the plasma -- as much as possible -- particularly while the temperature is still ramping up.

Private-public partnerships: The future of fusion

The heating simulations are part of a design project known as the Spherical Tokamak Advanced Reactor or STAR. The project is a strategic initiative to develop plans for a pilot power plant. Berkery said the project provides PPPL researchers with an opportunity to apply their expertise in physics, engineering and working with the computer codes for fusion simulations while working in partnership with private firms on their plans for fusion power plants with a spherical tokamak design.

Vladimir Shevchenko, a co-author on the paper and a senior technical adviser at Tokamak Energy, said he plans to run experiments at the end of next year in the company's fusion vessel, ST40, to compare to the simulation results presented in the paper. "Other heating systems have very, very serious problems," Shevchenko said. "I see this as the future for tokamak heating systems."

Shevchenko thinks the project benefits from the public-private partnership between PPPL and Tokamak Energy, one of the companies selected for the DOE milestone-based fusion development program. "PPPL has a lot of experienced specialists in different areas related to plasma physics and tokamak technologies. Their contribution in terms of modeling and advising is very valuable for a private company like Tokamak Energy," he said.

Other PPPL researchers on this project include Nicola Bertelli, Syun'ichi Shiraiwa, Jon Menard and Alvaro Sanchez Villar. This research was completed with funding from the DOE under contract number DE-AC02-09CH11466.
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Antarctic-wide survey of plant life to aid conservation efforts | ScienceDaily
The first continent-wide mapping study of plant life across Antarctica reveals growth in previously uncharted areas and is set to inform conservation measures across the region.


						
The satellite survey of mosses, lichens and algae across the continent will form a baseline for monitoring how Antarctica's vegetation responds to climate change.

Scientists used a European Space Agency satellite to sweep the continent, combined with field measurements taken over several summer seasons, and detected almost 45 square kilometers of vegetation -- roughly three times the size of Lake Windermere in the Lake District, UK.

The international team, led by the University of Edinburgh with the Norwegian Institute for Nature Research, British Antarctic Survey and Scottish Association for Marine Science, found that over 80 per cent of the vegetation growth was contained within the Antarctic Peninsula and neighbouring islands.

The team estimates this growth makes up only 0.12 percent of Antarctica's total ice-free area, highlighting the importance of monitoring key areas of vegetation abundance, which is inadequately protected under the existing Antarctic Specially Protected Area (ASPA) system, experts say.

Antarctic vegetation, dominated by mosses and lichens, has adapted to survive the harsh polar conditions and each type plays an important role in carbon and nutrient recycling on a local level, experts say. Until now, their spatial coverage and abundance across the continent remained unknown.

Previous research has shown that the environmental sensitivity of Antarctica's vegetative species makes them excellent barometers of regional climate change. Monitoring their presence in Antarctica, a minimally disturbed landscape, could provide clues as to how similar vegetation types may respond to climate in other fragile ecosystems across the globe, such as parts of the Arctic.

Charlotte Walshaw, PhD researcher from the School of GeoSciences, University of Edinburgh, who led the study, said: "Our continent-scale map provides key information on vegetation presence in areas that are rarely visited by people. This will have profound implications for our understanding of where vegetation is located across the continent, and what factors influence this distribution."

Dr Claudia Colesie, researcher at the University of Edinburgh's School of GeoSciences, who took part in the study, said: "Lichens and mosses in Antarctica encounter the harshest living conditions on the planet on a daily basis. Only the most resilient organisms can thrive there. Now that we know where to look for them, we can provide more targeted conservation measures to safeguard their future."

Dr Andrew Gray, researcher at the Norwegian Institute for Nature Research, who jointly led the study, said: "Remote sensing approaches such as this are low impact methods to study Antarctica's fragile ecosystem as well as monitor change to its vegetation in the future."
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Smallest arm bone in human fossil record sheds light on the dawn of Homo floresiensis | ScienceDaily

Dated to about 700,000 years old, the new findings shed light on the evolution of Homo floresiensis, the so-called 'Hobbits' of Flores whose remains were uncovered in 2003 at Liang Bua cave in the island's west by a team co-led by Australian-New Zealand archaeologist Professor Mike Morwood (1950-2013).

Archaeological evidence suggests these diminutive, small-brained humans inhabited Liang Bua as recently as 50,000 years ago, a time when our own species (Homo sapiens) was already long established in Australia to the south.

There has been much debate about the origin of the mysterious humans from Flores. It was first hypothesised that Homo floresiensis was a dwarfed descendant of early Asian Homo erectus.

Another theory is that the 'Hobbit' is a late-surviving remnant of a more ancient hominin from Africa that pre-dates Homo erectus and was small in stature to begin with, in which case possible candidates include Homo habilis or the famous 'Lucy' (Australopithecus afarensis).

Other than Liang Bua, hominin fossils have only ever been found at a single location on Flores: the open-air site of Mata Menge 75km to the east of the cave. Located in the sparsely populated tropical grasslands of the So'a Basin, this site has previously yielded several hominin fossils (a jaw fragment and six teeth) excavated from a layer of sandstone laid down by a small stream around 700,000 years ago.

Pre-dating the Liang Bua hominins by 650,000 years, the Mata Menge fossil remains have been shown to belong to at least three individuals with even slightly smaller jaws and teeth than Homo floresiensis, implying that small body size evolved early in the history of Flores hominins.




However, as postcranial elements (bones from below the head) had not been found in the fossil record at this site it could not be confirmed that these So'a Basin hominins were at least as small as, if not slightly smaller than, Homo floresiensis.

It was also unclear what species the Mata Menge fossils belonged to, owing to the lack of more diagnostic specimens. However, some teeth were deemed to be intermediate in form between those of early Asian Homo erectus and Homo floresiensis.

The new study published in Nature Communications was led by Professor Yousuke Kaifu of the University of Tokyo, Iwan Kurniawan of the Center for Geological Survey in Indonesia, and Associate Professor Gerrit van den Bergh from the University of Wollongong.

It reports the discovery of three additional hominin fossils from Mata Menge dating to 700,000 years ago, the outcome of several field seasons of excavations at this site. Most importantly, the new assemblage includes the first postcranial element, a distal shaft of an adult humerus (lower half of the upper arm bone).

The recovery of a fossil limb bone from the Mata Menge excavation site has been long-awaited because of the wealth of evidence it provides regarding the ancestral origin of Homo floresiensis.

Digital microscopy of the microstructure indicates that the small humerus is from an adult individual. Based on the estimated length of the bone, the team was able to calculate the body height of this hominin to be about 100cm tall. This is around 6cm shorter than the estimated body height of the 60,000-year-old Homo floresiensis skeleton from Liang Bua (~106cm, based on the femoral length).




"This 700,000-year-old adult humerus is not just shorter than that of Homo floresiensis, it is the smallest upper arm bone known from the hominin fossil record worldwide," said Professor Adam Brumm from Griffith University's Australian Research Centre for Human Evolution, a co-author of the paper.

"This very rare specimen confirms our hypothesis that the ancestors of Homo floresiensis were extremely small in body size; however, it is now apparent from the tiny proportions of this limb bone that the early progenitors of the 'Hobbit' were even smaller than we had previously thought."

The two additional hominin teeth from Mata Menge are also small in size and one bears shape characteristics that are most consistent with early Homo erectus of Java. This similarity does not support the hypothesis that Homo floresiensis evolved from an earlier and more primitive type of hominin, the likes of which have never been recovered from Indonesia, or indeed the wider region outside Africa.

The Mata Menge human remains, which now total 10 fossil specimens, are from at least four individuals (including two children). All of them are very similar anatomically to the Liang Bua Homo floresiensis and can now be regarded as an older variant of this hominin. However, while a direct ancestor of the 'Hobbit', this earlier form had a less specialised dentition (more primitive teeth) than its descendant at Liang Bua.

Further, it is evident from the tiny arm bone that extreme body size reduction occurred early in the history of the Flores hominins.

"The evolutionary history of the Flores hominins is still largely unknown," said Professor Brumm. "However, the new fossils strongly suggest that the 'Hobbit' story did indeed begin when a group of the early Asian hominins known as Homo erectus somehow became isolated on this remote Indonesian island, perhaps one million years ago, and underwent a dramatic body size reduction over time."
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Meteorin-like protein drains energy from T cells, limiting immune system's power to fight cancer | ScienceDaily
A protein called Meteorin-like (METRNL) in the tumor microenvironment saps energy from T cells, thereby severely limiting their ability to fight cancer, according to new research directed by investigators at the Johns Hopkins University School of Medicine and the Johns Hopkins Kimmel Cancer Center and its Bloomberg~Kimmel Institute for Cancer Immunotherapy. Finding ways to block the effects of METRNL signaling on tumor-infiltrating T cells may allow these immune cells to regain the energy necessary to eliminate tumors.


						
A report about the work was published Aug. 6 in the journal Immunity.

METRNL has been described in the medical literature before -- initially as playing a role in helping keep cold or exercising animals (and people) warm by poking holes in the mitochondria (energy factory) of fat cells so they produce heat. However, it had not previously been known to be active in cancer or in T cells, says lead study author Christopher Jackson, M.D., an assistant professor of neurosurgery at Johns Hopkins.

When T cells try to eliminate a tumor, the state of chronic stimulation/stress causes them to secrete METRNL, Jackson explains. Once METRNL is secreted, it interacts with the mitochondria and pokes holes in the electron transport chain, a cluster of proteins participating in a process to create energy. When T cells can no longer keep up with their energy requirements, they stop trying to kill cancer cells, which enables cancer cells to multiply and spread.

"Others have shown that metabolic dysfunction limits T cells' ability to fight cancer, but we are among the first to describe a discrete signaling pathway that causes that to happen," Jackson says. "Most of the previous work has looked at how the lack of specific nutrients in tumors limits a T cell's ability to function. The problem is this is difficult to modify because it's hard to get the right nutrients into a tumor and direct them to T cells. We potentially can do much better by targeting a signaling pathway because we can block it or turn it on or off, but until now, nobody had identified such a pathway that restores the metabolic health of T cells in tumors."

In a series of laboratory investigations, researchers first studied T cells from the tumor tissue and blood of patients with previously untreated brain tumors (glioblastomas), prostate cancer, bladder cancer and renal cell/kidney cancer, and performed RNA sequencing to try to identify genes responsible for dysfunction in the tumor. METRNL was the gene most highly expressed.

Next, they wanted to find out what makes T cells secrete METRNL in the first place, discovering that the reason was chronic stimulation. Normally, the immune system activates when stimulated to fight an infection and then diminishes when that illness resolves. But in the setting of cancer, T cells are chronically stimulated, which causes them to become dysfunctional. METRNL also was found to be secreted by other immune cells in tumors such as macrophages and dendritic cells, but it acts specifically on T cells.




Additional study determined that METRNL acts directly on the mitochondria, and decouples the electron transport chain. As T cells lose energy and start to fail, they increase their attempts to use glucose (natural sugar) as a backup source of energy. But, because the tumor environment is low in glucose, they continue to flounder and eventually die. This is one of the ways that tumors can continue to grow. Deleting METRNL in models of different cancer types in the researchers' investigations universally delayed tumor growth.

Finally, researchers observed that METRNL is activated through a family of transcription factors (proteins that control the rate of transcription of genetic information from DNA to RNA) called E2F, that it is dependent on signaling by a receptor called PPAR delta, and that modulating these factors downstream can block the effects of METRNL.

The next steps are to determine how this can help patients, Jackson says. He and his colleagues are actively working on different means to target the METRNL-E2F-PPAR delta pathway or to combine targeted treatment with other immunotherapies.

"We think that one of the reasons that some current immunotherapies fail is they require more energy from immune cells that already are functioning at decreased capacity," he says. "Blocking the pathway may allow these immunotherapies that maybe have not been effective in the past to be more effective because there will be enough fuel for the T cells to meet that increased demand."

Study co-authors were Ayush Pant, Aanchal Jain, Eli Yazigi, Liang Zhao, Thomas Nirschl, Christina Kochel, Denis Routkevitch, Kisha Patel, Stephany Tzeng, Sarah Neshat, Barbara Smith, Jordan Green, Chetan Bettegowda, Henry Brem and Drew Pardoll of Johns Hopkins. Additional study co-authors who were at Johns Hopkins at the time the research was conducted were Wikum Dinalankara and Luigi Marchionni of Weill Cornell Medicine in New York, Charles Drake of Janssen Research and Michael Lim of Stanford School of Medicine in Palo Alto, California. Other investigators from Stanford and Asan Medical Center in Seoul, South Korea, contributed to the project.

RNA sequencing was supported by grants through the Bristol Myers Squibb International Immuno-Oncology Network and Janssen Pharmaceuticals. Dinalankara and Marchionni were supported by the National Institutes of Health-National Cancer Institute award R01CA200859.

Jackson is a consultant for Egret Therapeutics with equity interests in the company. He is an inventor on a patent filed by The Johns Hopkins University for using immune checkpoint agonists to treat cerebrovascular disorders. He receives research support from Biohaven, InCephalo and Grifols. His work is funded by philanthropy and the Goldhirsh-Yellin Foundation. The Johns Hopkins University has filed a provisional patent on METRNL blockade for cancer treatment, on which Jackson, Pant, Brem and others are inventors.

Additionally, Bettegowda is a consultant for Depuy-Synthes and Bionaut Labs. Brem is a consultant for Perosphere, AsclepiX Therapeutics, StemGen, Accelerating Combination Therapies, Catalio Nexus Fund II LLC, LikeMinds Inc., Acuity Bio Corp., InSightec, Galen Robotics and Nurami Medical. These relationships are managed by The Johns Hopkins University in accordance with its conflict-of-interest policies.
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        3D-printed blood vessels bring artificial organs closer to reality
        Lab-grown organs are a long-time 'holy grail' of organ engineering that has yet to be achieved, but new research has brought that goal a big step closer to reality using a new 3D-printing method called co-SWIFT. co-SWIFT prints branching networks of double-layered vessels that are infused with smooth muscle cells and endothelial cells into living human cardiac tissue, and can even replicate patient-specific vascular structures,indicating that it could one day be used for personalized medicine.

      

      
        Do smells prime our gut to fight off infection?
        In nematodes and humans, mitochondrial stress in the nervous system initiates a whole-body response that is most pronounced in the gut. A recent study showed that in nematodes, the odor of a pathogen triggers the nervous system to broadcast this response to the rest of the organism, prepping mitochondria in intestinal cells to fight a bacterial infection. Humans, too, may be able to sense pathogenic odors that prepare the gut for an infection.

      

      
        Scientists lay out revolutionary method to warm Mars
        Ever since we learned that the surface of planet Mars is cold and dead, people have wondered if there is a way to make it friendlier to life. The newly proposed method is over 5,000 times more efficient than previous schemes to globally warm Mars, representing a significant leap forward in our ability to modify the Martian environment.

      

      
        Giant prehistoric flying reptile took off using similar method to bats, study finds
        The pterosaur likely used all four limbs to propel itself in the air, as seen in bats today, researchers have found.

      

      
        Social rank may determine if animals live fast, die young
        Social rank may determine whether animals prioritize immediate fitness over long-term health, according to a study. Researchers studied macaques on a Thai island and found that the animals' unusual habit of washing their food is in fact based on social rank. Dominant monkeys quickly brush their food on their fur before eating it, along with mouthfuls of tooth-degrading sand, while lower-ranked monkeys obsessively wash their food in the surf. Citing the disposable soma hypothesis, the researchers ...

      

      
        Processing traumatic memories during sleep leads to changes in the brain associated with improvement in PTSD symptoms
        Currently, the first-choice treatment for PTSD is exposure-based psychotherapy, where therapists help rewire the emotions associated with the traumatic memory in the patient's brain, shifting from fear and arousal to a more neutral response. However, up to 50% of patients fail to respond well to this treatment. In a new study scientists showed for the first time that reactivating therapeutically-altered memories during sleep leads to more brain activity related to memory processing, which is asso...

      

      
        Most existing heat wave indices fail to capture heat wave severity
        Even though climate change is bringing more frequent and severe heat waves, there is no standard, global way to measure heat-wave severity, and existing indices have different thresholds for defining dangerous heat-stress conditions. Researchers report that five out of six existing heat-wave indices were unable to capture the severity and spatial distribution of recent lethal heat waves in India, Spain, and the USA. The sixth index -- the lethal heat-stress index -- was better able to identify da...

      

      
        Soft gold enables connections between nerves and electronics
        Gold does not readily lend itself to being turned into long, thin threads. But researchers have now managed to create gold nanowires and develop soft electrodes that can be connected to the nervous system. The electrodes are soft as nerves, stretchable and electrically conductive, and are projected to last for a long time in the body.

      

      
        Carvings at ancient monument may be world's oldest calendars
        Markings on a stone pillar at a 12,000 year-old archaeological site in Turkey likely represent the world's oldest solar calendar, created as a memorial to a devastating comet strike, experts suggest.

      

      
        Smallest arm bone in human fossil record sheds light on the dawn of Homo floresiensis
        A new study reports the discovery of extremely rare early human fossils from the Indonesian island of Flores, including an astonishingly small adult limb bone. Dated to about 700,000 years old, the new findings shed light on the evolution of Homo floresiensis, the so-called 'Hobbits' of Flores whose remains were uncovered in 2003 at Liang Bua cave in the island's west.

      

      
        Astronomers uncover risks to planets that could host life
        A groundbreaking study has revealed that red dwarf stars can produce stellar flares that carry far-ultraviolet (far-UV) radiation levels much higher than previously believed.

      

      
        Hydraulic lift technology may have helped build Egypt's iconic Pyramid of Djoser
        The Pyramid of Djoser, the oldest of Egypt's iconic pyramids, may have been built with the help of a unique hydraulic lift system, according to researchers. A new study suggests that water may have been able to flow into two shafts located inside the pyramid itself, where that water could have been used to help raise and lower a float used to carry the building stones.

      

      
        Greenland fossil discovery reveals increased risk of sea-level catastrophe
        Seeds, twigs, and insect parts found under two miles of ice confirm Greenland's ice sheet melted in the recent past, the first direct evidence that the center -- not just the edges -- of the two-mile-deep ice melted away in the recent geological past. The new research indicates that the giant ice sheet is more fragile than scientists had realized until the last few years -- and reveals increased risk of sea-level catastrophe in a warmer future.

      

      
        First measurement of electron- and muon-neutrino interaction rates at the highest energy ever detected from an artificial source
        Understanding neutrino interactions is crucial for obtaining a complete picture of particle physics and the universe. To date, neutrino interaction cross sections have not been measured at high energy above some hundred gigaelectronvolts at particle colliders. Now, researchers have obtained the first direct observation of electron and muon neutrino interactions in the Teraelectronvolt range at CERN's Large Hadron Collider, using the FASER detector. This study marks a significant step for particle...

      

      
        Cracking the code of life: new AI model learns DNA's hidden language
        With GROVER, a new large language model trained on human DNA, researchers could now attempt to decode the complex information hidden in our genome. GROVER treats human DNA as a text, learning its rules and context to draw functional information about the DNA sequences.

      

      
        Sometimes it hurts to think
        If somebody complains that it hurts to think, they may be onto something, as mental exertion appears to be associated with unpleasant feelings in many situations, according to new research.

      

      
        Nature's design marvel: How shark skin's denticles adapt to wide speed
        New findings on how sharks achieve drag reduction could inspire the design of riblets for more efficient aircraft and boats. In their investigation of great white shark denticles, researchers found that ridge height and spacing play crucial roles in drag reduction at different swimming speeds. Higher middle ridges aid sharks in efficient cruising at slower speeds, while the lower side ridges become more critical for drag reduction during high-speed hunting bursts. The analysis also suggests that ...

      

      
        New model refutes leading theory on how Earth's continents formed
        Computational modeling shows that plate tectonics weren't necessary for early continents.

      

      
        Scientists and climate change: Extreme concern and high level of engagement
        Scientists from across academic disciplines are extremely concerned about climate change. Many of them have already changed their own lifestyles or engaged in advocacy and protest, with even more being willing to do so in future. This is evident from a large-scale survey of scientists from all over the world.

      

      
        How the rising earth in Antarctica will impact future sea level rise
        The rising earth beneath the Antarctic Ice Sheet will likely become a major factor in future sea level rise, a new study suggests.

      

      
        Link between global warming and rising sea levels
        A new study suggests that Earth's natural forces could substantially reduce Antarctica's impact on rising sea levels, but only if carbon emissions are swiftly reduced in the coming decades. By the same token, if emissions continue on the current trajectory, Antarctic ice loss could lead to more future sea level rise than previously thought.

      

      
        Scientists pin down the origins of the moon's tenuous atmosphere
        Scientists say they have identified the main process that formed the moon's atmosphere and continues to sustain it today. The team reports that the lunar atmosphere is primarily a product of 'impact vaporization.'

      

      
        Fossil shows how penguins' wings evolved
        A tiny fossil penguin plays a huge role in the evolutionary history of the bird, an international study shows.

      

      
        Sea level changes shaped early life on Earth, fossil study reveals
        Shifts in the Earth's continental plates that drove long-term changes in sea level set the stage for the evolution of the earliest animals on Earth, a study suggests.

      

      
        What gave the first molecules their stability?
        The origins of life remain a major mystery. How were complex molecules able to form and remain intact for prolonged periods without disintegrating? A team has demonstrated a mechanism that could have enabled the first RNA molecules to stabilize in the primordial soup. When two RNA strands combine, their stability and lifespan increase significantly.

      

      
        Solving the doping problem: Enhancing performance in organic semiconductors
        Physicists have discovered two new ways to improve organic semiconductors. They found a way to remove more electrons from the material than previously possible and used unexpected properties in an environment known as the non-equilibrium state, boosting its performance for use in electronic devices.

      

      
        Retreat of tropical glaciers foreshadows changing climate's effect on the global ice
        As they are in many places around the globe, glaciers perched high in the Andes Mountains are shrinking. Now, researchers have uncovered evidence that the high-altitude tropical ice fields are likely smaller than they've been at any time since the last ice age ended 11,700 years ago.

      

      
        When it comes to DNA replication, humans and baker's yeast are more alike than different
        Humans and baker's yeast have more in common than meets the eye, including an important mechanism that helps ensure DNA is copied correctly, reports a pair of studies. The findings visualize for the first time a molecular complex -- called CTF18-RFC in humans and Ctf18-RFC in yeast -- that loads a 'clamp' onto DNA to keep parts of the replication machinery from falling off the DNA strand.

      

      
        Scientists revolutionize microscopy by reimagining the logic of imaging
        Scientists have devised an innovative imaging method using state-of-the-art microscopes that significantly reduces the time and radiation required. Their work represents a significant breakthrough that will benefit several disciplines, from materials science to medicine, as the method promises to deliver improved imaging for sensitive materials such as biological tissues that are especially vulnerable to damage.

      

      
        Half a billion-year-old spiny slug reveals the origins of mollusks
        Exceptional fossils with preserved soft parts reveal that the earliest mollusks were flat, armored slugs without shells. The new species, Shishania aculeata, was covered with hollow, organic, cone-shaped spines. The fossils preserve exceptionally rare detailed features which reveal that these spines were produced using a sophisticated secretion system that is shared with annelids (earthworms and relatives).
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3D-printed blood vessels bring artificial organs closer to reality | ScienceDaily
Growing functional human organs outside the body is a long-sought "holy grail" of organ transplantation medicine that remains elusive. New research from Harvard's Wyss Institute for Biologically Inspired Engineering and John A. Paulson School of Engineering and Applied Science (SEAS) brings that quest one big step closer to completion.


						
A team of scientists created a new method to 3D print vascular networks that consist of interconnected blood vessels possessing a distinct "shell" of smooth muscle cells and endothelial cells surrounding a hollow "core" through which fluid can flow, embedded inside a human cardiac tissue. This vascular architecture closely mimics that of naturally occurring blood vessels and represents significant progress toward being able to manufacture implantable human organs. The achievement is published in Advanced Materials.

"In prior work, we developed a new 3D bioprinting method, known as "sacrificial writing in functional tissue" (SWIFT), for patterning hollow channels within a living cellular matrix. Here, building on this method, we introduce coaxial SWIFT (co-SWIFT) that recapitulates the multilayer architecture found in native blood vessels, making it easier to form an interconnected endothelium and more robust to withstand the internal pressure of blood flow," said first author Paul Stankey, a graduate student at SEAS in the lab of co-senior author and Wyss Core Faculty member Jennifer Lewis, Sc.D.

The key innovation developed by the team was a unique core-shell nozzle with two independently controllable fluid channels for the "inks" that make up the printed vessels: a collagen-based shell ink and a gelatin-based core ink. The interior core chamber of the nozzle extends slightly beyond the shell chamber so that the nozzle can fully puncture a previously printed vessel to create interconnected branching networks for sufficient oxygenation of human tissues and organs via perfusion. The size of the vessels can be varied during printing by changing either the printing speed or the ink flow rates.

To confirm the new co-SWIFT method worked, the team first printed their multilayer vessels into a transparent granular hydrogel matrix. Next, they printed vessels into a recently created matrix called uPOROS composed of a porous collagen-based material that replicates the dense, fibrous structure of living muscle tissue. They were able to successfully print branching vascular networks in both of these cell-free matrices. After these biomimetic vessels were printed, the matrix was heated, which caused collagen in the matrix and shell ink to crosslink, and the sacrificial gelatin core ink to melt, enabling its easy removal and resulting in an open, perfusable vasculature.

Moving into even more biologically relevant materials, the team repeated the printing process using a shell ink that was infused with smooth muscle cells (SMCs), which comprise the outer layer of human blood vessels. After melting out the gelatin core ink, they then perfused endothelial cells (ECs), which form the inner layer of human blood vessels, into their vasculature. After seven days of perfusion, both the SMCs and the ECs were alive and functioning as vessel walls -- there was a three-fold decrease in the permeability of the vessels compared to those without ECs.

Finally, they were ready to test their method inside living human tissue. They constructed hundreds of thousands of cardiac organ building blocks (OBBs) -- tiny spheres of beating human heart cells, which are compressed into a dense cellular matrix. Next, using co-SWIFT, they printed a biomimetic vessel network into the cardiac tissue. Finally, they removed the sacrificial core ink and seeded the inner surface of their SMC-laden vessels with ECs via perfusion and evaluated their performance.




Not only did these printed biomimetic vessels display the characteristic double-layer structure of human blood vessels, but after five days of perfusion with a blood-mimicking fluid, the cardiac OBBs started to beat synchronously -- indicative of healthy and functional heart tissue. The tissues also responded to common cardiac drugs -- isoproterenol caused them to beat faster, and blebbistatin stopped them from beating. The team even 3D-printed a model of the branching vasculature of a real patient's left coronary artery into OBBs, demonstrating its potential for personalized medicine.

"We were able to successfully 3D-print a model of the vasculature of the left coronary artery based on data from a real patient, which demonstrates the potential utility of co-SWIFT for creating patient-specific, vascularized human organs," said Lewis, who is also the Hansjorg Wyss Professor of Biologically Inspired Engineering at SEAS.

In future work, Lewis' team plans to generate self-assembled networks of capillaries and integrate them with their 3D-printed blood vessel networks to more fully replicate the structure of human blood vessels on the microscale and enhance the function of lab-grown tissues.

"To say that engineering functional living human tissues in the lab is difficult is an understatement. I'm proud of the determination and creativity this team showed in proving that they could indeed build better blood vessels within living, beating human cardiac tissues. I look forward to their continued success on their quest to one day implant lab-grown tissue into patients," said Wyss Founding Director Donald Ingber, M.D., Ph.D. Ingber is also the Judah Folkman Professor of Vascular Biology at HMS and Boston Children's Hospital and Hansjorg Wyss Professor of Biologically Inspired Engineering at SEAS.

Additional authors of the paper include Katharina Kroll, Alexander Ainscough, Daniel Reynolds, Alexander Elamine, Ben Fichtenkort, and Sebastien Uzel. This work was supported by the Vannevar Bush Faculty Fellowship Program sponsored by the Basic Research Office of the Assistant Secretary of Defense for Research and Engineering through the Office of Naval Research Grant N00014-21-1-2958 and the National Science Foundation through CELL-MET ERC (#EEC-1647837).
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Do smells prime our gut to fight off infection? | ScienceDaily
Many organisms react to the smell of deadly pathogens by reflexively avoiding them. But a recent study from the University of California, Berkeley, shows that the nematode C. elegans also reacts to the odor of pathogenic bacteria by preparing its intestinal cells to withstand a potential onslaught.


						
As with humans, nematodes' guts are a common target of disease-causing bacteria. The nematode reacts by destroying iron-containing organelles called mitochondria, which produce a cell's energy, to protect this critical element from iron-stealing bacteria. Iron is a key catalyst in many enzymatic reactions in cells -- in particular, the generation of the body's energy currency, ATP (adenosine triphophate).

The presence in C. elegans of this protective response to odors produced by microbes suggests that the intestinal cells of other organisms, including mammals, may also retain the ability to respond protectively to the smell of pathogens, said the study's senior author, Andrew Dillin, UC Berkeley professor of molecular and cell biology and a Howard Hughes Medical Institute (HHMI) investigator.

"Is there actually a smell coming off of pathogens that we can pick up on and help us fight off an infection?" he said. "We've been trying to show this in mice. If we can actually figure out that humans smell a pathogen and subsequently protect themselves, you can envision down the road something like a pathogen-protecting perfume."

So far, however, there's only evidence of this response in C. elegans. Nevertheless, the new finding is a surprise, considering that the nematode is one of the most thoroughly studied organisms in the laboratory. Biologists have counted and tracked every cell in the organism from embryo to death.

"The novelty is that C. elegans is getting ready for a pathogen before it even meets the pathogen," said Julian Dishart, who recently received his UC Berkeley Ph.D. and is the first author of the study. "There's also evidence that there's probably a lot more going on in addition to this mitochondrial response, that there might be more of a generalized immune response just by smelling bacterial odors. Because olfaction is conserved in animals, in terms of regulating physiology and metabolism, I think it's totally possible that smell is doing something similar in mammals as it's doing in C. elegans."

The work was published June 21 in the journal Science Advances.




Mitochondria communicate with one another

Dillin is a pioneer in studying how stress in the nervous system triggers protective responses in cells -- in particular, the activation of a suite of genes that stabilize proteins made in the endoplasmic reticulum. This activation, the so-called unfolded protein response (UPR), is "like a first aid kit for the mitochondria," he said.

Mitochondria are not only the powerhouses of the cell, burning nutrients for energy, but also play a key role in signaling, cell death and growth.

Dillin has shown that errors in the UPR network can lead to disease and aging, and that mitochondrial stress in one cell is communicated to the mitochondria of cells throughout the body.

One key piece of the puzzle was missing, however. If the nervous system can communicate stress through a network of neurons to the cells doing the day-to-day work of protein building and metabolism, what in the environment triggers the nervous system?

"Our nervous system evolved to pick up on cues from the environment and create homeostasis for the entire organism," Dillin said. "Julian actually figured out that smell neurons are picking up environmental cues and which types of odorants from the pathogens turn on this response."

Previous work in Dillin's lab showed the importance of smell in mammalian metabolism. When mice are deprived of smell, he found, they gained less weight while eating the same amount of food as normal mice. Dillin and Dishart suspect that the smell of food may trigger a protective response, like the response to pathogens, in order to prepare the gut for the damaging effects of ingesting foreign substances and converting that food to fuel.




"Surviving infections was the most important thing we did evolutionarily," Dillin said. "And the most risky and taxing thing we do every single day is eat, because pathogens are going to be in our food."

"When you eat food, it's also incredibly stressful, because the body is metabolizing the food but also generating ATP in the mitochondria from the nutrients that they're incorporating. And that generation of ATP causes a by-product called reactive oxygen species, which is very damaging to cells," Dishart said. "Cells have to deal with this increased existence of reactive oxygen species. So perhaps smelling food can prepare us to deal with that enhanced reactive oxygen species load."

Dillin speculates further that mitochondria's sensitivity to the smell of pathogenic bacteria may be a holdover from an era when mitochondria were free-living bacteria, before they were incorporated into other cells as power plants to become eukaryotes some 2 billion years ago. Eukaryotes eventually evolved into multicellular organisms with differentiated organs -- so-called metazoans, like animals and humans.

"There's a lot of evidence that bacteria sense their environment in some way, though it's not always clear how they do it. These mitochondria have retained one aspect of that after being subsumed into metazoans," he said.

In his experiments with C. elegans, Dishart found that the smell of pathogens triggers an inhibitory response, which unleashes a signal to the rest of the body. This became clear when he ablated olfactory neurons in the worm and found that all peripheral cells, but primarily intestinal cells, showed the stress response typical of mitochondria that are being threatened. This study and others also showed that serotonin is a key neurotransmitter communicating this information throughout the body.

Dillin and his lab colleagues are tracking the neural circuits that lead from smell neurons to peripheral cells and the neurotransmitters involved along the way. And he's looking for a similar response in mice.

"I always hate it when I get sick. I'm like, 'Body, why didn't you prepare for this better?' It seems really stupid that you turn on response mechanisms only once you're infected," Dillin said. "If there are earlier detection mechanisms to increase our chances of survival, I think that's a huge evolutionary win. And if we could harness that biomedically, that would be pretty wild."

Other UC Berkeley authors of the paper are Corinne Pender, Koning Shen, Hanlin Zhang, Megan Ly and Madison Webb. The work is supported by HHMI and the National Institutes of Health (R01ES021667, F32AG065381, K99AG071935).
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Scientists lay out revolutionary method to warm Mars | ScienceDaily
Ever since we learned that the surface of planet Mars is cold and dead, people have wondered if there is a way to make it friendlier to life.


						
In a groundbreaking study published Aug. 7 in Science Advances, researchers from the University of Chicago, Northwestern University, and the University of Central Florida have proposed a revolutionary approach towards terraforming Mars. This new method, using engineered dust particles released to the atmosphere, could potentially warm the Red Planet by more than 50 degrees Fahrenheit, to temperatures suitable for microbial life -- a crucial first step towards making Mars habitable.

The proposed method is over 5,000 times more efficient than previous schemes to globally warm Mars, representing a significant leap forward in our ability to modify the Martian environment.

What sets this approach apart is its use of resources readily available on Mars, making it far more feasible than earlier proposals that relied on importing materials from Earth or mining rare Martian resources.

This strategy would take decades. But it appears logistically easier than other plans proposed so far.

"This suggests that the barrier to warming Mars to allow liquid water is not as high as previously thought," said Edwin Kite, an associate professor of geophysical sciences at the University of Chicago and corresponding author on the study. The lead author was Samaneh Ansari, a graduate student in Prof. Hooman Mohseni's group at Northwestern University.

Astronauts still won't be able to breathe Mars' thin air; making the planet suitable for humans to walk on the surface unaided requires much more work. But perhaps groundwork could be laid, by making the planet habitable for microbes and food crops that could gradually add oxygen to the atmosphere -- much as they have done for Earth during its geologic history.




A new approach to an age-old dream

There is a rich history of proposals to make Mars habitable; Carl Sagan himself came up with one back in 1971. These have ranged from outright daydreams, such as science fiction writers depicting turning one of Mars' moons into a sun, to more recent and scientifically plausible ideas, such as engineering transparent gel tiles to trap heat.

Any plan to make Mars habitable must address several hurdles, including deadly UV rays and salty soil. But the biggest is the planet's temperature; the surface of Mars averages about -80 degrees Fahrenheit.

One strategy to warm the planet could be the same method that humans are unintentionally using here on Earth: releasing material into the atmosphere, which would enhance Mars' natural greenhouse effect, trapping solar heat at the surface.

The trouble is that you would need tons of these materials -- literally. Previous schemes depended on bringing gases from Earth to Mars, or attempting to mine Mars for a large mass of ingredients that aren't very common there -- both are costly and difficult propositions. But the team wondered whether it could be done by processing materials that already exist abundantly on Mars.

We know from rovers like Curiosity that dust on Mars is rich in iron and aluminum. By themselves, those dust particles aren't suitable to warm the planet; their size and composition mean they tend to cool the surface slightly rather than warm it. But if we engineered dust particles that had different shapes or compositions, the researchers hypothesized, perhaps they could trap heat more efficiently.




The researchers designed particles shaped like short rods -- similar in size to commercially available glitter. These particles are designed to trap escaping heat and scatter sunlight towards the surface, enhancing Mars' natural greenhouse effect.

"How light interacts with sub-wavelength objects is fascinating. Importantly, engineering

nanoparticles can lead to optical effects that far exceed what is conventionally expected from

such small particles," said Ansari. Mohseni, who is a co-author, believes that they have just scratched the surface: "We believe it is possible to design nanoparticles with higher efficiency, and even those that can dynamically change their optical properties."

"You'd still need millions of tons to warm the planet, but that's five thousand times less than you would need with previous proposals to globally warm Mars," said Kite. "This significantly increases the feasibility of the project."

Calculations indicate that if the particles were released into Mars' atmosphere continuously at 30 liters per second, the planet would warm by more than 50 degrees Fahrenheit -- and the effect could be noticeable within as soon as months. Similarly, the warming would be reversible, stopping within a few years if release was switched off.

Potential impact and future research

Much work remains to be done, the scientists said. We don't know exactly how fast the engineered dust would cycle out of Mars' atmosphere, for example. Mars does have water and clouds, and, as the planet warms, it's possible that water would increasingly start to condense around the particles and fall back to the surface as rain.

"Climate feedbacks are really difficult to model accurately," Kite cautioned. "To implement something like this, we would need more data from both Mars and Earth, and we'd need to proceed slowly and reversibly to ensure the effects work as intended."

While this method represents a significant leap forward in terraforming research, the researchers emphasize that the study focuses on warming Mars to temperatures suitable for microbial life and possibly growing food crops -- not on creating a breathable atmosphere for humans.

"This research opens new avenues for exploration and potentially brings us one step closer to the long-held dream of establishing a sustainable human presence on Mars," said Kite.

Ansari is the lead author of the study. Other coauthors of the study were Ramses Ramirez of the University of Central Florida and Liam Steele, formerly a postdoctoral researcher at UChicago, now with the European Center for Medium-Range Weather Forecasts.

The authors used the Quest high-performance computing facility at Northwestern and the University of Chicago Research Computing Center.
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Giant prehistoric flying reptile took off using similar method to bats, study finds | ScienceDaily
The pterosaur likely used all four limbs to propel itself in the air, as seen in bats today, researchers have found.


						
The findings, published today in PeerJ, provide new insights into how pterosaurs managed to take flight despite reaching sizes far larger than modern animals. The research sheds new light on the flight initiating jumping ability of these animals, some of which had wingspans of over ten meters.

The study, carried out by scientists at the University of Bristol, Liverpool John Moores University, Universidade Federal do ABC and the University of Keele, follows years of analysis and modelling of how muscles interact with bones to create movement in other animals and is now being used to start answering the question of how the largest flying animals known managed to get off the ground.

The team created the first computer model for this kind of analysis of a pterosaur to test three different ways pterosaurs may have taken off: a vertical burst jump using just the legs like those used by primarily ground-dwelling birds, a less vertical jump using just the legs more similar to the jump used by birds that fly frequently, and a four-limbed jump using its wings as well in a motion more like the take-off jump of a bat. By mimicking these motions, the researchers aimed to understand the leverage available to push the animal into the air.

"Larger animals have greater challenges to overcome in order to fly making the ability of animals as large as pterosaurs to do so especially fascinating." Dr Ben Griffin, the lead author of the study, said. "Unlike birds which mainly rely on their hindlimbs, our models indicate that pterosaurs were more likely to rely on all four of their limbs to propel themselves into the air."

This study examines one of the long-standing questions about the underlying biomechanics of pterosaur. This research not only enhances the understanding of pterosaur biology but also provides broader insights into the limits and dynamics of flight in large animals. By comparing pterosaurs with modern birds and bats, the study highlights the remarkable evolutionary solutions to the challenge of powered flight.
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Social rank may determine if animals live fast, die young | ScienceDaily
Anyone who has picnicked on the beach has experienced the unpleasant crunch of a sandwich with a surprise helping of sand. But for primates, the tolerance for sand may depend on whether their energy is better spent reproducing and fighting rivals or on protecting their teeth from a mouthful of grit, according to a new Dartmouth study.


						
Social rank may determine whether animals prioritize immediate energy consumption over long-term health, or vice versa, the researchers report in the journal eLife. They observed the eating habits of long-tailed macaques on Thailand's Koram Island and found that the dominant and lowest-ranked animals briefly rubbed sand-covered food on their fur or between their paws before devouring it, along with most of the sand, and moving on to the next morsel.

Middle-ranked monkeys, however, having more time on their paws, carried their food to the water's edge and washed it in the sea to remove the sand. These animals often expended time and energy scrubbing their snacks past the point when they were clean and would even amble down the beach on their hind legs with their front paws full of food.

Nathaniel Dominy, the study's corresponding author and the Charles Hansen Professor of Anthropology at Dartmouth, says the findings provide insight into how animals -- even those in hierarchical groups -- choose survival strategies based on individual needs. The study supports the disposable soma hypothesis, which proposes that animals sometimes prioritize immediate survival and reproduction over longevity, Dominy says, adding, "Delayed gratification has its limits."

That may be the case for monkeys at the top and the bottom of the social ladder, for whom life is short and hard, Dominy says. As a result, these animals consume and conserve energy whenever they can. Existing research shows that sand causes significant damage to macaque tooth enamel. But for dominant males especially, that may not be important in a life fraught with challengers.

"High-ranking males are constantly lunging at or chasing other males, behaviors that maximize their siring of offspring. So, they need to eat rapidly to make up for that energy expenditure and that's exactly what we saw them doing," Dominy says. "They just stuff food into their mouths -- sand be damned -- because they don't have time to walk to the water. It's the urgency of now that matters, not their teeth. To humans, it seems like a shrewd calculation."

The monkeys that wash their food might instead be playing a long game, says Amanda Tan, the study's co-corresponding author and an assistant professor of anthropology at Durham University. Tan worked on the project as a postdoctoral scholar in Dominy's research group at Dartmouth.




"We think these animals invest a lot more time in washing their food because they cannot afford to damage their teeth and compromise their longevity," Tan says. "This strategy could allow them to maximize their potential reproductive success by living longer and producing more offspring over their lifetime."

The findings also could shed light on how the wear and pitting observed in the fossilized teeth of early humans relate to social structure and access to water, Dominy says.

"What if tooth wear is telling us about rank, not food properties," Dominy asks. "If we find more variable wear on a male hominin tooth, the classic interpretation is that it's the result of a varied diet. We ought to consider the possibility that he was eating quickly and couldn't be bothered to clean his food. Or maybe he lived in an area that was historically arid. We have cause to be more open-minded about variable tooth wear."

To observe the macaques' eating habits, Tan and the study's first author, Jessica Rosien '21, arranged plastic trays on the beach that contained cucumber slices. The slices were either on their own, placed on top of sand, or buried in sand. Rosien and Tan recorded the animals every day for six weeks as they foraged for cucumbers in the trays, capturing nearly 1,300 instances of food-handling by 42 individual macaques.

The monkeys that washed their food devoted an average of five seconds to over a minute to each cucumber slice -- often washing multiple slices -- while the average amount of time spent just brushing sand off a slice was effectively zero, the researchers report. That time makes a difference. In lab trials with sand-coated cucumbers, the researchers found that washing removed 93% of sand and brushing removed only 75%.

The researchers determined social rank using established methods of observing how the animals interact. But the social order was not subtle, Rosien says. She recalls a low-ranking male that, rejected by his peers, spent his time sitting next to her on the beach. A high-ranked female would fearlessly challenge other macaques for their cucumbers and steal anything Rosien left unattended, including her backpack of supplies. "I loved getting to know the different monkeys' personalities over time and I definitely got a sense of the impact of social rank," she says.




Before the study, Tan worked on Koram Island for years observing how the macaques developed skills using tools through social learning. She knew that some animals washed their food while others did not. It was Dominy who wondered if there was a rank-based trade-off between getting calories quickly versus preventing tooth wear, Tan says. "To our knowledge, no one had tested the hypothesis that food-washing served as an adaptive function for removing grit," she says.

Food-washing among primates is not common, Dominy says. The Koram Island macaques were first observed doing so after the 2004 Indian Ocean earthquake and tsunami. Their habit became a draw for tourists, who, before authorities put a stop to it, would throw fruit on the beach from boats to watch the animals wash it in the surf.

The other known instance is among the Japanese macaques on Japan's Kojima Island. In the 1950s, researchers studying the animals lured them toward the beach with wheat and sweet potatoes to observe them more clearly.

In 1953, a young female named Imo first picked up a sandy sweet potato and washed it in a stream. Five years later, the other animals had taken up the practice, washing their food in the sea. Today, 92% of the Kojima Island macaques wash their food.

"I love the story of Imo," Rosien says. "It shows how an individual can cause a shift in a whole population. To see such a significant advance in real time makes it easier to understand how small changes can lead to big changes."

The spread of a similar habit in two independent populations separated by 50 years and 5,000 miles speaks to the value of culture, Dominy says.

"You have to be experimental and entrepreneurial to invent a new behavior out of whole cloth, but it has to be clear enough that other individuals will understand its purpose and copy it," he says. "And they have to be smart enough to recognize when another animal has figured out something valuable. That's what culture is -- seeing the value of a new behavior and adopting it."

The value for the macaques of washing their food was considered so obvious, no one had studied it before, the researchers write in their paper. "Even if something seems intuitive, it's still important to be curious, ask questions, and test assumptions," Tan says.

"In this case," she continues, "our study provides a fuller picture of the various trade-offs that animals may juggle relative to their place in a social structure and gives us a better understanding of how that leads individuals to behave distinctly."
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Processing traumatic memories during sleep leads to changes in the brain associated with improvement in PTSD symptoms | ScienceDaily
Currently, the first-choice treatment for PTSD is exposure-based psychotherapy, where therapists help rewire the emotions associated with the traumatic memory in the patient's brain, shifting from fear and arousal to a more neutral response. However, up to 50% of patients fail to respond well to this treatment. In a new study published on August 7 in the Cell Press journal Current Biology, scientists showed for the first time that reactivating therapeutically-altered memories during sleep leads to more brain activity related to memory processing, which is associated with a reduction in PTSD symptoms.


						
"Our goal is to unlock sleep as a new treatment window for PTSD," says Hein van Marle, one of the paper's senior authors and the study's principal investigator at Amsterdam University Medical Center. "This is the first proof of concept for potentially enhancing daytime treatment effects during sleep."

PTSD is a mental health disorder that can occur after experiencing or witnessing a traumatic event. People with PTSD may experience flashbacks, nightmares, heightened vigilance, hyperarousal, and mood and sleep problems. Currently available treatments for PTSD include eye movement desensitization and reprocessing (EMDR), where therapists guide patients through their traumatic memories while using a moving light or clicking sounds to distract them.

EMDR has shown positive results, but Van Marle says that success is low and dropping out from the treatment program is common among patients because revisiting traumatic memories is emotionally demanding.

So Van Marle and his collaborators, including first author Christa van der Heijden at Amsterdam University Medical Center and Lucia Talamini at the University of Amsterdam, set out to investigate how to boost the effect of EMDR treatment and make it long-lasting.

Sleep provides a unique opportunity to enhance the memory of newly formed emotional reactions to traumatic events. During sleep, the brain focuses on consolidating memories and storing information for the long term.

Previous research has shown that if someone forms a new memory in the presence of an experimentally administered sound or scent, exposing them to the sound or scent while they sleep can improve their ability to recall that memory after waking up. This memory-enhancement technique is called targeted memory reactivation (TMR).




During Van Marle's experiment, the team first performed an EMDR session with a standard clicking sound in the background for 33 PTSD patients in the evening. At night, the researchers recorded these patients' brain waves while they slept in the laboratory. For 17 of the patients, the team conducted TMR by playing the clicking sound used during the earlier EMDR session again when they were asleep, aiming to boost the storage of the EMDR treatment memory and alleviate PTSD symptoms.

They found that patients who received the sound during sleep showed higher levels of brain wave activities associated with memory processing and consolidation compared with participants who received no clicking sounds during sleep.

Within the TMR group, these induced changes in brain wave activity were associated with greater reductions in PTSD symptoms. In addition, the team found that patients who received TMR were less inclined to avoid their traumatic memory -- a key symptom of PTSD -- when they listened to an audio clip retelling the traumatic event.

However, the researchers did not see an improvement in PTSD symptoms among patients who received TMR compared with those who received only EMDR.

"During the night of TMR stimulation, we saw that presenting the EMDR clicks effectively enhanced the sleep physiology responsible for memory consolidation, with more enhancement leading to more significant reductions in symptoms. But the stimulation during our experiment wasn't enough to produce differences in most clinical outcomes, partly because the EMDR session was already quite effective," Van Marle says.

In a follow-up experiment slated to begin this fall, the team plans to administer TMR treatment to patients for five consecutive nights. Researchers are interested to see if repeated TMR will have a greater effect in reducing PTSD symptoms.

"The sleep and memory field has been wary to apply TMR in PTSD patients. We are really happy to see that TMR has no negative effects on these patients," Van Marle says. None of the patients reported more nightmares or worsened sleep after TMR. "This gives us more confidence in applying it more frequently in our future work," he says.

Many psychiatric disorders, such as phobias, anxiety disorders, and addiction, are also related to maladaptive memories. Van Marle hopes this work can inspire future research to explore the beneficial effects of TMR in treating other conditions.
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Most existing heat wave indices fail to capture heat wave severity | ScienceDaily
Even though climate change is bringing more frequent and severe heat waves, there is no standard, global way to measure heat-wave severity, and existing indices have different thresholds for defining dangerous heat-stress conditions. Researchers report August 7 in the journal Nexus that five out of six existing heat-wave indices were unable to capture the severity and spatial distribution of recent lethal heat waves in India, Spain, and the USA. The sixth index -- the lethal heat-stress index -- was better able to identify dangerous heat-stress conditions, particularly in low-humidity regions.


						
"We found that some existing indices may not be appropriate to all geographical regions and climate conditions," says senior author and geospatial expert Qihao Weng (@Qihao_Weng) of the Hong Kong Polytechnic University. "It's important that scientific communities, public health circles, and policy makers come together and reconsider the existing indices."

Currently, countries around the world have different ways of measuring and defining heat waves, but it's not clear which of these methods is most effective or how their performance is impacted by background climatic conditions. Some of these metrics are based purely on the maximum air temperature while others include factors such as radiation, wind, and, crucially, humidity.

"Even in relatively low-temperature conditions, if the humidity is high, it can still be dangerous for people with health problems," says Weng. "In humid conditions, even 28degC, wet-bulb conditions can lead to severe strain and heat stroke."

To compare the effectiveness of existing heat-wave indices under different conditions, the researchers applied six existing indices to climate data from heat waves that occurred in Spain and the United States in 2022 and in India in 2023. In all cases, they found that one method -- the lethal heat-stress index -- outperformed the others. Compared to the other indices, the lethal heat-stress index could differentiate between areas that were or were not impacted by extreme heat stress and could pinpoint on which days these dangerous heat conditions occurred.

The lethal heat-stress index is a temperature- and humidity-based metric for identifying conditions that are likely to lead to human death (in contrast to other indices that use endpoints such as "extreme danger" and "heat stroke imminent"). Though most of the other indices also include humidity in their calculations in some way, the way that they do this differs.

"The lethal heat stress index applies a correction factor to relative humidity, which means that it is better at predicting dangerous heat conditions in regions which have very low humid conditions compared to the other indices," says first author Pir Mohammad, an earth scientist at Hong Kong Polytechnic University.




The researchers emphasize that heat waves are experienced differently by different people, even within the same region, because of factors including age, pre-existing health conditions, and socioeconomic status, which is associated with access to adequate cooling and the privilege of not working outdoors during hot conditions.

Though they identified the lethal heat-stress index as the best current option, the researchers say that this index could still be improved with more research. They also note that while their study focuses on outdoor air temperatures, more heat-related mortalities occur indoors than outdoors, and future research should also address indoor conditions during heat waves and examine how they are impacted by things such as building age and materials.

Ultimately, they hope their findings will help scientists develop a universal definition of the threshold for dangerous heat conditions.

"We need to deploy a global framework that considers temperature, humidity, and other factors like socioeconomic status and age so that we can mitigate dangerous heat-wave conditions," says Mohammad. "The UK government recently redefined their limiting criteria for heat waves, and it might be a good time for other countries to also think about how we can define heat waves more effectively."

This research was supported by the Hong Kong SAR Government, the Research Talent Hub of the Innovation and Technology Fund of Hong Kong, and the Hong Kong Polytechnic University.
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Soft gold enables connections between nerves and electronics | ScienceDaily
Gold does not readily lend itself to being turned into long, thin threads. But researchers at Linkoping University in Sweden have now managed to create gold nanowires and develop soft electrodes that can be connected to the nervous system. The electrodes are soft as nerves, stretchable and electrically conductive, and are projected to last for a long time in the body.


						
Some people have a "heart of gold," so why not "nerves of gold"? In the future, it may be possible to use this precious metal in soft interfaces to connect electronics to the nervous system for medical purposes. Such technology could be used to alleviate conditions such as epilepsy, Parkinson's disease, paralysis or chronic pain. However, creating an interface where electronics can meet the brain or other parts of the nervous system poses special challenges.

"The classical conductors used in electronics are metals, which are very hard and rigid. The mechanical properties of the nervous system are more reminiscent of soft jelly. In order to get an accurate signal transmission, we need to get very close to the nerve fibres in question, but as the body is constantly in motion, achieving close contact between something that is hard and something that is soft and fragile becomes a problem," says Klas Tybrandt, professor of materials science at the Laboratory of Organic Electronics at Linkoping University, who led the research.

Researchers therefore want to create electrodes that have good conductivity as well as mechanical properties similar to the softness of the body. In recent years, several studies have shown that soft electrodes do not damage the tissue as much as hard electrodes may do. In the current study, published in the journal Small, a group of researchers at Linkoping University have developed gold nanowires -- a thousand times thinner than a hair -- and embedded them in an elastic material to create soft microelectrodes.

"We've succeeded in making a new, better nanomaterial from gold nanowires in combination with a very soft silicone rubber. Getting these to work together has resulted in a conductor that has high electrical conductivity, is very soft and made of biocompatible materials that function with the body," says Klas Tybrandt.

Silicone rubber is used in medical implants, such as breast implants. The soft electrodes also include gold and platinum, metals that are common in medical devices for clinical use. However, making long, narrow gold nanostructures is very difficult. This has so far been a major obstacle, but the researchers have now come up with a new way to manufacture gold nanowires. And they do it by using silver nanowires.

As silver has unique properties that make it a very good material to create the kind of nanowires that the researchers are after, it is used in some stretchable nanomaterials. The problem with silver is that it is chemically reactive. In the same way that silver cutlery will discolour over time when chemical reactions occur on the surface, silver in nanowires breaks down so that silver ions leak out. In a high enough concentration, silver ions can be toxic to us.




It was when Laura Seufert, a doctoral student in Klas Tybrandt's research group, was working on finding a way to synthesize, or "grow," gold nanowires that she came up with a new approach that opened up new possibilities. At first, it was difficult to control the shape of the nanowires. But then she discovered a way that resulted in very smooth wires. Instead of trying to grow gold nanowires from the beginning, she started with a thin nanowire made of pure silver.

"As it's possible to make silver nanowires, we take advantage of this and use the silver nanowire as a kind of template on which we grow gold. The next step in the process is to remove the silver. Once that's done, we have a material that has over 99 per cent gold in it. So it's a bit of a trick to get around the problem of making long narrow gold nanostructures," says Klas Tybrandt.

In collaboration with Professor Simon Farnebo at the Department of Biomedical and Clinical Sciences at Linkoping University, the researchers behind the study have shown that the soft and elastic microelectrodes can stimulate a rat nerve as well capture signals from the nerve.

In applications where the soft electronics are to be embedded in the body, the material must last for a long time, preferably for life. The researchers have tested the stability of the new material and concluded that it will last for at least three years, which is better than many of the nanomaterials developed so far.

The research team is now working on refining the material and creating different types of electrodes that are even smaller and can come into closer contact with nerve cells.

The research has been funded with support from, among others, the Swedish Foundation for Strategic Research, the Swedish Research Council, the Knut and Alice Wallenberg Foundation and through the Swedish Government's strategic research area in advanced functional materials, AFM, at Linkoping University.
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Carvings at ancient monument may be world's oldest calendars | ScienceDaily
Markings on a stone pillar at a 12,000 year-old archaeological site in Turkey likely represent the world's oldest solar calendar, created as a memorial to a devastating comet strike, experts suggest.


						
The markings at Gobekli Tepe in southern Turkey -- an ancient complex of temple-like enclosures adorned with intricately carved symbols -- could record an astronomical event that triggered a key shift in human civilisation, researchers say.

The research suggests ancient people were able to record their observations of the sun, moon and constellations in the form of a solar calendar, created to keep track of time and mark the change of seasons.

Fresh analysis of V-shaped symbols carved onto pillars at the site has found that each V could represent a single day. This interpretation allowed researchers to count a solar calendar of 365 days on one of the pillars, consisting of 12 lunar months plus 11 extra days.

The summer solstice appears as a separate, special day, represented by a V worn around the neck of a bird-like beast thought to represent the summer solstice constellation at the time. Other statues nearby, possibly representing deities, have been found with similar V-markings at their necks.

Since both the moon's and the sun's cycles are depicted, the carvings could represent the world's earliest so-called lunisolar calendar, based on the phases of the moon and the position of the sun -- pre-dating other known calendars of this type by many millennia.

Ancient people may have created these carvings at Gobekli Tepe to record the date a swarm of comet fragments hit Earth nearly 13,000 years ago -- or 10,850 BC -- researchers say.




The comet strike is suggested to have ushered in a mini ice age lasting over 1,200 years, wiping out many species of large animals. It could also have triggered changes in lifestyle and agriculture thought to be linked to the birth of civilisation soon afterwards in the fertile crescent of West Asia.

Another pillar at the site appears to picture the Taurid meteor stream -- which is thought to be the source of the comet fragments -- lasting 27 days and emanating from the directions of Aquarius and Pisces.

The find also appears to confirm that ancient people were able to record dates using precession -- the wobble in Earth's axis which affects the movement of constellations across the sky -- at least 10,000 years before the phenomenon was documented by Hipparchus of Ancient Greece in 150 BC.

The carvings appear to have remained important to the people of Gobekli Tepe for millennia, suggesting the impact event may have triggered a new cult or religion that influenced the development of civilisation.

The find also supports a theory that Earth faces increased comet strikes as its orbit crosses the path of circling comet fragments, which we normally experience as meteor streams.

Dr Martin Sweatman, of the University of Edinburgh's School of Engineering, who led the research, said: "It appears the inhabitants of Gobekli Tepe were keen observers of the sky, which is to be expected given their world had been devastated by a comet strike. This event might have triggered civilisation by initiating a new religion and by motivating developments in agriculture to cope with the cold climate. Possibly, their attempts to record what they saw are the first steps towards the development of writing millennia later."
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Smallest arm bone in human fossil record sheds light on the dawn of Homo floresiensis | ScienceDaily

Dated to about 700,000 years old, the new findings shed light on the evolution of Homo floresiensis, the so-called 'Hobbits' of Flores whose remains were uncovered in 2003 at Liang Bua cave in the island's west by a team co-led by Australian-New Zealand archaeologist Professor Mike Morwood (1950-2013).

Archaeological evidence suggests these diminutive, small-brained humans inhabited Liang Bua as recently as 50,000 years ago, a time when our own species (Homo sapiens) was already long established in Australia to the south.

There has been much debate about the origin of the mysterious humans from Flores. It was first hypothesised that Homo floresiensis was a dwarfed descendant of early Asian Homo erectus.

Another theory is that the 'Hobbit' is a late-surviving remnant of a more ancient hominin from Africa that pre-dates Homo erectus and was small in stature to begin with, in which case possible candidates include Homo habilis or the famous 'Lucy' (Australopithecus afarensis).

Other than Liang Bua, hominin fossils have only ever been found at a single location on Flores: the open-air site of Mata Menge 75km to the east of the cave. Located in the sparsely populated tropical grasslands of the So'a Basin, this site has previously yielded several hominin fossils (a jaw fragment and six teeth) excavated from a layer of sandstone laid down by a small stream around 700,000 years ago.

Pre-dating the Liang Bua hominins by 650,000 years, the Mata Menge fossil remains have been shown to belong to at least three individuals with even slightly smaller jaws and teeth than Homo floresiensis, implying that small body size evolved early in the history of Flores hominins.




However, as postcranial elements (bones from below the head) had not been found in the fossil record at this site it could not be confirmed that these So'a Basin hominins were at least as small as, if not slightly smaller than, Homo floresiensis.

It was also unclear what species the Mata Menge fossils belonged to, owing to the lack of more diagnostic specimens. However, some teeth were deemed to be intermediate in form between those of early Asian Homo erectus and Homo floresiensis.

The new study published in Nature Communications was led by Professor Yousuke Kaifu of the University of Tokyo, Iwan Kurniawan of the Center for Geological Survey in Indonesia, and Associate Professor Gerrit van den Bergh from the University of Wollongong.

It reports the discovery of three additional hominin fossils from Mata Menge dating to 700,000 years ago, the outcome of several field seasons of excavations at this site. Most importantly, the new assemblage includes the first postcranial element, a distal shaft of an adult humerus (lower half of the upper arm bone).

The recovery of a fossil limb bone from the Mata Menge excavation site has been long-awaited because of the wealth of evidence it provides regarding the ancestral origin of Homo floresiensis.

Digital microscopy of the microstructure indicates that the small humerus is from an adult individual. Based on the estimated length of the bone, the team was able to calculate the body height of this hominin to be about 100cm tall. This is around 6cm shorter than the estimated body height of the 60,000-year-old Homo floresiensis skeleton from Liang Bua (~106cm, based on the femoral length).




"This 700,000-year-old adult humerus is not just shorter than that of Homo floresiensis, it is the smallest upper arm bone known from the hominin fossil record worldwide," said Professor Adam Brumm from Griffith University's Australian Research Centre for Human Evolution, a co-author of the paper.

"This very rare specimen confirms our hypothesis that the ancestors of Homo floresiensis were extremely small in body size; however, it is now apparent from the tiny proportions of this limb bone that the early progenitors of the 'Hobbit' were even smaller than we had previously thought."

The two additional hominin teeth from Mata Menge are also small in size and one bears shape characteristics that are most consistent with early Homo erectus of Java. This similarity does not support the hypothesis that Homo floresiensis evolved from an earlier and more primitive type of hominin, the likes of which have never been recovered from Indonesia, or indeed the wider region outside Africa.

The Mata Menge human remains, which now total 10 fossil specimens, are from at least four individuals (including two children). All of them are very similar anatomically to the Liang Bua Homo floresiensis and can now be regarded as an older variant of this hominin. However, while a direct ancestor of the 'Hobbit', this earlier form had a less specialised dentition (more primitive teeth) than its descendant at Liang Bua.

Further, it is evident from the tiny arm bone that extreme body size reduction occurred early in the history of the Flores hominins.

"The evolutionary history of the Flores hominins is still largely unknown," said Professor Brumm. "However, the new fossils strongly suggest that the 'Hobbit' story did indeed begin when a group of the early Asian hominins known as Homo erectus somehow became isolated on this remote Indonesian island, perhaps one million years ago, and underwent a dramatic body size reduction over time."
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Astronomers uncover risks to planets that could host life | ScienceDaily
A groundbreaking study has revealed that red dwarf stars can produce stellar flares that carry far-ultraviolet (far-UV) radiation levels much higher than previously believed. This discovery suggests that the intense UV radiation from these flares could significantly impact whether planets around red dwarf stars can be habitable. Led by current and former astronomers from the University of Hawaii Institute for Astronomy (IfA), the research was recently published in the Monthly Notices of the Royal Astronomical Society.


						
"Few stars have been thought to generate enough UV radiation through flares to impact planet habitability. Our findings show that many more stars may have this capability," said astronomer Vera Berger, who undertook the study while in the Research Experiences for Undergraduates program at IfA, an initiative supported by the National Science Foundation.

Berger and her team used archival data from the GALEX space telescope to search for flares among 300,000 nearby stars. GALEX is a now-decommissioned NASA mission that simultaneously observed most of the sky at near-and far-UV wavelengths from 2003 to 2013. Using new computational techniques, the team mined novel insights from the data.

"Combining modern computer power with gigabytes of decades-old observations allowed us to search for flares on thousands and thousands of nearby stars," said Michael Tucker, a PhD graduate of IfA and now a postdoctoral fellow at Ohio State University.

UV's double edge 

According to researchers, UV radiation from stellar flares can either erode planetary atmospheres, threatening their potential to support life, or contribute to the formation of RNA building blocks, which are essential for the creation of life.

This study challenges existing models of stellar flares and exoplanet habitability, showing that far-UV emission from flares is on average three times more energetic than typically assumed, and can reach up to twelve times the expected energy levels.




"A change of three is the same as the difference in UV in the summer from Anchorage, Alaska to Honolulu, where unprotected skin can get a sunburn in less than 10 minutes," said Benjamin J. Shappee, an Associate Astronomer at IfA who mentored Berger.

Hidden causes 

The exact cause of this stronger far-UV emission remains unclear. The team believes it might be that flare radiation is concentrated at specific wavelengths, indicating the presence of atoms like carbon and nitrogen.

"This study has changed the picture of the environments around stars less massive than our Sun, which emit very little UV light outside of flares," said Jason Hinkle, a PhD candidate at IfA who co-authored the study.

According to Berger, now a Churchill Scholar at the University of Cambridge, more data from space telescopes is needed to study the UV light from stars, which is crucial for understanding the source of this emission.
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Hydraulic lift technology may have helped build Egypt's iconic Pyramid of Djoser | ScienceDaily
The Pyramid of Djoser, the oldest of Egypt's iconic pyramids, may have been built with the help of a unique hydraulic lift system, according to a study published August 5, 2024, in the open-access journal PLOS ONE by Xavier Landreau from CEA Paleotechnic Institute, France, and colleagues. The new study suggests that water may have been able to flow into two shafts located inside the pyramid itself, where that water could have been used to help raise and lower a float used to carry the building stones.


						
The Pyramid of Djoser, also known as the Step Pyramid, is believed to have been built around 2680 BCE as a funerary complex for the Third Dynasty pharaoh Djoser. Yet the exact method of its construction remains unclear. In this new interdisciplinary analysis, researchers suggest that the nearby Gisr el-Mudir enclosure -- a previously unexplained structure -- may have functioned as a "check dam" to capture water and sediment. In addition, a series of compartments dug into the ground outside of the pyramid may have served as a water treatment facility, allowing sediment to settle as water passed through each subsequent compartment. Water may then have been able to flow into the pyramid shafts themselves, where the force of its rise could help carry the building stones.

Further research is still needed to understand how water might have flowed through the shafts, as well as how much water was available on the landscape at that point in Earth's history. But the authors of this new study suggest that even as other building methods like ramps were probably also used to help build the pyramid, a hydraulic lift system could have been used to support the building process when there was enough water.

The authors add: "A collaborative effort between the newly established research institute, Paleotechnic, and several national laboratories (INRAE, University of Orleans) has led to the discovery of a dam, a water treatment facility, and a hydraulic elevator, which would have enabled the construction of the Step Pyramid of Saqqara. This work opens a new research line for the scientific community: the use of hydraulic power to build the pyramids of Egypt."
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Greenland fossil discovery reveals increased risk of sea-level catastrophe | ScienceDaily
The story of Greenland keeps getting greener -- and scarier.


						
A new studyprovides the first direct evidence that the center -- not just the edges -- of Greenland's ice sheet melted away in the recent geological past and the now-ice-covered island was then home to a green, tundra landscape.

A team of scientists re-examined a few inches of sediment from the bottom of a two-mile-deep ice core extracted at the very center of Greenland in 1993 -- and held for 30 years in a Colorado storage facility. They were amazed to discover soil that contained willow wood, insect parts, fungi, and a poppy seed in pristine condition.

"These fossils are beautiful," says Paul Bierman, a scientist at the University of Vermont who co-led the new study with UVM graduate student Halley Mastro and nine other researchers, "but, yes, we go from bad to worse," in what this implies about the impact of human-caused climate change on the melting of the Greenland ice sheet.

The study, published in the Proceedings of the National Academy of Sciences on August 5th, confirms that Greenland's ice melted and the island greened during a prior warm period likely within the last million years -- suggesting that the giant ice sheet is more fragile than scientists had realized until the last few years.

If the ice covering the center of the island was melted, then most of the rest of it had to be melted too. "And probably for many thousands of years," Bierman said, enough time for soil to form and an ecosystem to take root.

"This new study confirms and extends that a lot of sea-level rise occurred at a time when causes of warming were not especially extreme," said Richard Alley, a leading climate scientist at Penn State who reviewed the new research, "providing a warning of what damages we might cause if we continue to warm the climate."

Sea level today is rising more than an inch each decade. "And it's getting faster and faster," said Bierman. It is likely to be several feet higher by the end of this century, when today's children are grandparents. And if the release of greenhouse gases -- from burning fossil fuels -- is not radically reduced, he said, the near complete melting of Greenland's ice over the next centuries to a few millennia would lead to some 23 feet of sea level rise.




"Look at Boston, New York, Miami, Mumbai or pick your coastal city around the world, and add twenty plus feet of sea level," said Bierman. "It goes underwater. Don't buy a beach house."

Core Assumptions

In 2016, Joerg Schaefer at Columbia University and colleagues tested rock from the bottom of the same 1993 ice core (called GISP2) and published a then-controversial study suggesting that the current Greenland ice sheet could be no more than 1.1 million years old; that there were extended ice-free periods during the Pleistocene (the geological period that began 2.7 million years ago); and that if the ice was melted at the GISP2 site then 90% of the rest of Greenland would be melted also. This was a major step toward overturning the longstanding story that Greenland is an implacable fortress of ice, frozen solid for millions of years.

Then, in 2019, UVM's Paul Bierman and an international team reexamined another ice core, this one extracted at Camp Century near the coast of Greenland in the 1960s. They were stunned to discover twigs, seeds, and insect parts at the bottom of that core -- revealing that the ice there had melted within the last 416,000 years. In other words, the walls of the ice fortress had failed much more recently than had been previously imagined possible.

"Once we made the discovery at Camp Century, we thought, 'Hey, what's at the bottom of GISP2?'" said Bierman, a professor in UVM's Rubenstein School of Environment and Natural Resources and fellow in the Gund Institute for Environment. Though the ice and rock in that core had been studied extensively, "no one's looked at the 3 inches of till to see if it's soil and if it contains plant or insect remains," he said. So he and his colleagues requested a sample from the bottom of the GISP2 core held at the National Science Foundation Ice Core Facility in Lakewood, Colorado.

Now this new study in PNAS, with support from the U.S. National Science Foundation, provides confirmation that the 2016 "fragile Greenland" hypothesis is right. And it deepens the reasons for concern, showing that the island was warm enough, for long enough, that an entire tundra ecosystem, perhaps with stunted trees, established itself where today ice is two miles deep.




"We now have direct evidence that not only was the ice gone, but that plants and insects were living there," said Bierman. "And that's unassailable. You don't have to rely on calculations or models."

From Flowers

The initial discovery that there was intact biological material -- not just gravel and rock -- in the bottom of the ice core was made by geoscientist Andrew Christ who completed his PhD working at UVM and was a post-doctoral associate in Bierman's lab. Then Halley Mastro picked up the case and began to study the material closely.

"It was amazing," she said. Under the microscope, what had looked like no more than specks floating on the surface of the melted core sample, was, in fact, a window into a tundra landscape. Working with Dorothy Peteet, an expert on macrofossils at the Lamont-Doherty Earth Observatory and co-author on the new study, Mastro was able to identify spores from spikemoss, the bud scale of a young willow, the compound eye of an insect, "and then we found Arctic poppy, just one seed of that," she said. "That is a tiny flower that's really good at adapting to the cold."

But not that good. "It lets us know that Greenland's ice melted and there was soil," said Mastro, "because poppies don't grow on top of miles of ice."
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First measurement of electron- and muon-neutrino interaction rates at the highest energy ever detected from an artificial source | ScienceDaily
Neutrinos are fundamental particles in the Standard Model of particle physics, notable for their extremely small masses and weak interactions with matter. They are important for answering fundamental questions about the universe, including why particles have mass and why there is more matter than antimatter. Despite being abundant, their weak interactions make their detection difficult, and hence they are called "ghost particles." At any given moment, numerous neutrinos freely pass through the Earth and our bodies, which originate from the Sun or cosmic rays. Understanding their rare interactions with matter is crucial for obtaining a more complete picture of particle physics and the universe.


						
There are three types, or flavors, of neutrinos: electron neutrinos (ne), muon neutrinos (nm), and tau neutrinos (nt). So far, most neutrinos studied by researchers have been low-energy neutrinos. To date, neutrino interaction cross sections, which is the probability of a neutrino interacting with a target particle, had not been measured at energies above 300 gigaelectronvolts (GeV) for electron neutrinos and between 400 GeV and six teraelectronvolts (6000 GeV) for muon neutrinos.

In a groundbreaking study, a team of researchers led by Associate Professor Akitaka Ariga from the Graduate School of Science, Chiba University, Japan, also affiliated with the Laboratory for High Energy Physics, University of Bern, Switzerland, and Associate Professor Tomoko Ariga from the Faculty of Arts and Science, Kyushu University, Japan, utilized the Forward Search Experiment (FASER) at CERN's Large Hadron Collider (LHC), to achieve the first direct observation of high energy electron and muon neutrino interactions at a particle collider. The team included Dr. Ken Ohashi from the Laboratory for High Energy Physics at the University of Bern, Dr. Hiroaki Kawahara from the Faculty of Arts and Science at Kyushu University, and Project-specific Assistant Professor Daiki Hayakawa from the Graduate School of Science, Chiba University, along with other members of the FASER collaboration. Their findings were published in the journal Physical Review Letters on July 11, 2024.

One of the primary objectives of FASER is the study of high-energy neutrinos produced in the LHC's proton-proton (pp) collisions using the dedicated FASERn detector. Dr. Akitaka Ariga explains, "With FASERn, charged particle tracks produced by neutrino interactions in the detector can be reconstructed with sub-micron precision. This allows us to identify electron and muon charged-current (CC) neutrino interactions and the measurement of neutrino interaction cross-sections in the currently unexplored TeV energy range."

The FASERn emulsion detector is made of 730 layers of interleaved tungsten plates and emulsion films, with a total target mass of 1.1 tons. The researchers analyzed a subset of the exposed detector volume, corresponding to a mass of 128.6 kg, for high-energy neutrinos from the LHC pp collisions. After applying strict criteria, selecting events with electrons or muons with an energy above 200 GeV, four electron neutrino interaction candidate events and eight muon neutrino interaction candidate events were observed. These interactions had high statistical significance (5.2s for electron neutrinos and 5.7s for muon neutrinos), meaning they are highly unlikely to be random background fluctuations and therefore represent actual neutrinos.

The neutrinos detected in the study had energies in the teraelectronvolts range, the highest ever detected from an artificial source. This study marks the first measurement of neutrino interaction cross-sections in the unexplored energy range of 560-1740 GeV for electron neutrinos and 520-1760 GeV for muon neutrinos. Additionally, the measured interaction cross-sections were consistent with Standard Model predictions.

Highlighting the significance of the study, Dr. Akitaka Ariga says, "These results demonstrate the capability of studying flavor-tagged neutrino interactions at TeV energies with the FASERn emulsion-based detector at the LHC. This marks the first ever physics result on neutrinos from a particle collider, a breakthrough in particle physics that could revolutionize the strategy of large-scale experimental research in the field."
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Cracking the code of life: new AI model learns DNA's hidden language | ScienceDaily
DNA contains foundational information needed to sustain life. Understanding how this information is stored and organized has been one of the greatest scientific challenges of the last century. With GROVER, a new large language model trained on human DNA, researchers could now attempt to decode the complex information hidden in our genome. Developed by a team at the Biotechnology Center (BIOTEC) of Dresden University of Technology, GROVER treats human DNA as a text, learning its rules and context to draw functional information about the DNA sequences. This new tool, published in Nature Machine Intelligence, has the potential to transform genomics and accelerate personalized medicine.


						
Since the discovery of the double helix, scientists have sought to understand the information encoded in DNA. 70 years later, it is clear that the information hidden in the DNA is multilayered. Only 1-2 % of the genome consists of genes, the sequences that code for proteins.

"DNA has many functions beyond coding for proteins. Some sequences regulate genes, others serve structural purposes, most sequences serve multiple functions at once. Currently, we don't understand the meaning of most of the DNA. When it comes to understanding the non-coding regions of the DNA, it seems that we have only started to scratch the surface. This is where AI and large language models can help," says Dr. Anna Poetsch, research group leader at the BIOTEC.

DNA as a Language

Large language models, like GPT, have transformed our understanding of language. Trained exclusively on text, the large language models developed the ability to use the language in many contexts.

"DNA is the code of life. Why not treat it like a language?" says Dr. Poetsch. The Poetsch team trained a large language model on a reference human genome. The resulting tool named GROVER, or "Genome Rules Obtained via Extracted Representations," can be used to extract biological meaning from the DNA.

"GROVER learned the rules of DNA. In terms of language, we are talking about grammar, syntax, and semantics. For DNA this means learning the rules governing the sequences, the order of the nucleotides and sequences, and the meaning of the sequences. Like GPT models learning human languages, GROVER has basically learned how to 'speak' DNA," explains Dr. Melissa Sanabria, the researcher behind the project.




The team showed that GROVER can not only accurately predict the following DNA sequences but can also be used to extract contextual information that has biological meaning, e.g., identify gene promoters or protein binding sites on DNA. GROVER also learns processes that are generally considered to be "epigenetic," i.e., regulatory processes that happen on top of the DNA rather than being encoded.

"It is fascinating that by training GROVER with only the DNA sequence, without any annotations of functions, we are actually able to extract information on biological function. To us, it shows that the function, including some of the epigenetic information, is also encoded in the sequence," says Dr. Sanabria.

The DNA Dictionary

"DNA resembles language. It has four letters that build sequences and the sequences carry a meaning. However, unlike a language, DNA has no defined words," says Dr. Poetsch. DNA consists of four letters (A, T, G, and C) and genes, but there are no predefined sequences of different lengths that combine to build genes or other meaningful sequences.

To train GROVER, the team had to first create a DNA dictionary. They used a trick from compression algorithms. "This step is crucial and sets our DNA language model apart from the previous attempts," says Dr. Poetsch.

"We analyzed the whole genome and looked for combinations of letters that occur most often. We started with two letters and went over the DNA, again and again, to build it up to the most common multi-letter combinations. In this way, in about 600 cycles, we have fragmented the DNA into 'words' that let GROVER perform the best when it comes to predicting the next sequence," explains Dr. Sanabria.

The Promise of AI in Genomics

GROVER promises to unlock the different layers of genetic code. DNA holds key information on what makes us human, our disease predispositions, and our responses to treatments.

"We believe that understanding the rules of DNA through a language model is going to help us uncover the depths of biological meaning hidden in the DNA, advancing both genomics and personalized medicine," says Dr. Poetsch.
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Sometimes it hurts to think | ScienceDaily
If somebody complains that it hurts to think, they may be onto something, as mental exertion appears to be associated with unpleasant feelings in many situations, according to research published by the American Psychological Association.


						
"Managers often encourage employees, and teachers often encourage students, to exert mental effort. On the surface, this seems to work well: Employees and students do often opt for mentally challenging activities," said senior author Erik Bijleveld, PhD, of Radboud University. "From this, you may be tempted to conclude that employees and students tend to enjoy thinking hard. Our results suggest that this conclusion would be false: In general, people really dislike mental effort."

The research was published in the journal Psychological Bulletin.

Researchers conducted a meta-analysis of 170 studies, published between 2019 and 2020 and comprising 4,670 participants, to examine how people generally experience mental effort. They did so by testing whether mental effort is associated with unpleasant feelings and whether that association depends on the task or the population involved.

The studies used a variety of participants (e.g., health care employees, military employees, amateur athletes, college students) from 29 countries and involved 358 different cognitive tasks (e.g., learning a new technology, finding one's way around an unfamiliar environment, practicing golf swings, playing a virtual reality game). In all studies analyzed, participants reported the level of effort they exerted as well as the extent to which they experienced unpleasant feelings such as frustration, irritation, stress or annoyance.

Across all populations and tasks, the greater the mental effort, the greater the unpleasantness experienced by participants.

"Our findings show that mental effort feels unpleasant across a wide range of populations and tasks," said Bijleveld. "This is important for professionals, such as engineers and educators, to keep in mind when designing tasks, tools, interfaces, apps, materials or instructions. When people are required to exert substantial mental effort, you need to make sure to support or reward them for their effort."

One interesting finding, according to Bijleveld, was that while the association between mental effort and adverse feelings was still significant, it was less pronounced in studies conducted in Asian countries compared with those in Europe or North America. This fits with the general idea that the aversiveness of mental effort may depend on people's learning history. High school students in Asian countries tend to spend more time on schoolwork than their European or North American counterparts and may therefore learn to withstand higher levels of mental exertion early on in their lives, he said.

More important is the real-world observation that despite the aversive nature of mentally challenging tasks, people still voluntarily engage in them, said Bijleveld.

"For example, why do millions of people play chess? People may learn that exerting mental effort in some specific activities is likely to lead to reward. If the benefits of chess outweigh the costs, people may choose to play chess, and even self-report that they enjoy chess," he said. "Yet, when people choose to pursue mentally effortful activities, this should not be taken as an indication that they enjoy mental effort per se. Perhaps people choose mentally effortful activities despite the effort, not because of it."
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Nature's design marvel: How shark skin's denticles adapt to wide speed | ScienceDaily
New findings on how sharks achieve drag reduction could inspire the design of riblets for more efficient aircraft and boats. In their investigation of great white shark denticles, researchers from Tokyo Tech found that ridge height and spacing play crucial roles in drag reduction at different swimming speeds. Higher middle ridges aid sharks in efficient cruising at slower speeds, while the lower side ridges become more critical for drag reduction during high-speed hunting bursts. The analysis also suggests that the speeds of an extinct giant shark, megalodon, may not much differ from those of the white shark.


						
The great white shark, one of the ocean's most efficient predators, possesses tiny tooth-like structures on its skin called dermal denticles, which perhaps reduce frictional drag as it moves through the water. The drag reduction would help them to be swift hunters, reaching hunting speeds of up to 6.7 m/s, as well as long-distance swimmers, traveling distances of up to 20,000 kilometers efficiently. Engineers have drawn inspiration from these denticles to design riblets or small unidirectional ridges for aircraft and sailboats. However, the denticles across a shark's body vary in shape, size, and spacing, complicating the understanding of how they collectively affect drag reduction.

In a study published in the Journal of the Royal Society Interface, researchers from Tokyo Institute of Technology developed 3D models of white shark denticles. They analyzed the hydrodynamic size of high middle ridges and low side ridges of the denticles in relation to the shark's swimming speeds. The researchers found that these denticles are designed to reduce drag at a wide range of speeds, allowing sharks to gain bursts of speed for hunting and to cruise efficiently over long distances.

"Our calculations suggest that the combination of high and low ridges of the denticles results from adapting to both slow and high swimming speeds, thereby offering robustness to various swimming conditions," says Associate Professor Hiroto Tanaka, the corresponding author of the study.

The researchers collected skin samples from 17 different locations on a white shark (Carcharodon carcharias) specimen, including the snout, dorsal fin, lateral body, ventral body, caudal fin, and both the dorsal and ventral sides of the pectoral fin (Figure 1).

These samples were scanned with a microfocus X-ray CT scanner to create detailed 3D models, which were then analyzed to measure the spacing and height of the ridges. According to the previous fluid dynamic studies of riblets, the ridges of denticles possibly reduce friction drag by lifting turbulent vortices away from the surface of the shark's skin. These vortices are larger and farther from the skin at slower cruising speeds but shrink as the shark swims faster (Figure 2). Therefore, the spacing and height of these ridges are crucial because they determine how effectively the shark interacts with these vortices.

To study these aspects, researchers modeled the shark's body as a flat plate of the same length and defined non-dimensional values for the spacing (s+) of the denticle ridges. These values normalize the physical dimensions of the ridges by the flow characteristics. Non-dimensional parameters were calculated for swimming speeds of 1 m/s, 2 m/s, 5 m/s, and 10 m/s, and compared to a well-studied scalloped riblet similar to shark denticles. The reference riblet is known to reduce friction drag the most at s+ of 17. By comparing this value, researchers could determine how the ridge spacing of shark denticles influences drag reduction across different speeds.

As a result, the researchers found that the s2+ of the higher middle ridges becomes approximately 17 at 2 m/s, which corresponds to the measured migration speed. At hunting speeds of 5 m/s, s1+ of the neighboring high and low ridges becomes approximately 17 indicating the maximum drag reduction effect.

"High ridges likely reduce drag at low swimming speeds, and high-low alternating ridges reduce drag at high swimming speeds, covering the full range of swimming speeds. Our calculation method also can be applied to other sharks including extinct species," says Tanaka. Based on available data from fossils, the swim speeds of a megalodon, an extinct giant shark with similar denticle morphology, are calculated to be 2.7 m/s and 5.9 m/s, respectively. Thus, despite the large body, the megalodon's speed may not much differ from the white shark's. By uncovering how shark denticles work, this study could lead to new riblet designs with high and low ridges in engineering and new analysis methods for the biological study of shark evolution.
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New model refutes leading theory on how Earth's continents formed | ScienceDaily
The formation of Earth's continents billions of years ago set the stage for life to thrive. But scientists disagree over how those land masses formed and if it was through geological processes we still see today.


						
A recent paper from the University of Illinois Chicago's David Hernandez Uribe in Nature Geoscience adds new information to that debate, poking holes in the leading theory of continent formation. Hernandez Uribe used computer models to study the formation of magmas thought to hold clues to the origin of continents.

Magma is the molten substance that, when it cools, forms rocks and minerals. Hernandez Uribe looked for magmas that match the compositional signature of rare mineral deposits called zircons that date back to the Archaean period of 2.5 to 4 billion years ago, when scientists believed that continents first formed.

Last year, scientists from China and Australia published a paper arguing that Archaean zircons could only be formed by subduction -- when two tectonic plates collide underwater, pushing land mass to the surface. That process still happens today, causing earthquakes and volcanic eruptions and reshaping the coasts of continents.

But Hernandez Uribe, assistant professor of earth and environmental sciences, found that subduction was not necessary to create Archaean zircons. Instead, he found that the minerals could form through high pressure and temperatures associated with the melting of the Earth's thick primordial crust.

"Using my calculations and models, you can get the same signatures for zircons and even provide a better match through the partial melting of the bottom of the crust," Hernandez Uribe said. "So based on these results, we still do not have enough evidence to say which process formed the continents."

The results also raise uncertainty about when plate tectonics started on Earth. If Earth's first continents formed by subduction, that meant that continents started moving between 3.6 to 4 billion years ago -- as little as 500 million years into the planet's existence. But the alternative theory of melting crust forming the first continents means that subduction and tectonics could have started much later.

"Our planet is the only planet in the solar system that has active plate tectonics as we know it," Hernandez Uribe said. "And this relates to the origin of life, because how the first continents moved controlled the weather, it controlled the chemistry of the oceans, and all that is related to life."
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Scientists and climate change: Extreme concern and high level of engagement | ScienceDaily
Scientists from across academic disciplines are extremely concerned about climate change. Many of them have already changed their own lifestyles or engaged in advocacy and protest, with even more being willing to do so in future. This is evident from a large-scale survey of scientists from all over the world, conducted by an international research team led by the University of Amsterdam. The researchers not only looked at the views of scientists and the extent to which they are engaged in climate action, but also at how the involvement of scientists with climate change can be increased. The research was published on Monday, 5 August, in the journal Nature Climate Change.


						
'Climate change is an existential threat to humanity,' says postdoctoral researcher Fabian Dablander of the UvA's Institute for Biodiversity and Ecosystem Dynamics and one of the lead authors of the study. 'To secure a liveable future, each of us needs to ask ourselves: how can I best contribute at this crucial moment in human history? Scientists are well placed to help tackle climate change beyond conducting academic research. However, little is known about their wider engagement with the issue. Hence our study, in which we conducted quantitative and qualitative analyses of a survey of over 9,000 researchers from all scientific disciplines, not just climate science.'

Fundamental and personal

Most respondents (83%) in the survey say they are 'quite a bit' or 'a great deal' worried about climate change. The vast majority (91%) of them believe that fundamental changes in social, political and economic systems are needed to truly tackle climate change. Most respondents (84%) also think that significant changes in personal behaviour and lifestyle are needed. Many of them say they have already made significant changes to their lifestyle, by driving less (69%), flying less (51%) and switching to a more plant-based diet (39%).

Willingness to engage

A majority of scientists in the survey believe that climate activist groups can bring about positive change and that scientists should be more engaged in climate advocacy and even protest. A significant proportion of respondents are already engaged in climate advocacy (29%), have participated in legal protest (23%) and/or have even engaged in civil disobedience (10%), and about half say they would be willing to engage in some of these in the future.

Breaking down barriers

Based on the data, Dablander and colleagues then looked at which factors predict scientists' engagement in advocacy and protest. They propose a two-step model of engagement. First, in order for scientists to be willing to engage, they need to overcome mostly intellectual barriers such as a lack of belief in the effectiveness of the actions, lack of identification with activists, lack of knowledge, fear of losing credibility, and fear of repercussions. Second, to actually engage they need to overcome mostly practical barriers such as a perceived lack of skills, lack of time, lack of opportunities, and not knowing any groups involved in climate action.




Based on their two-step model, the researchers propose ways to increase scientists' engagement, such as facilitating interactions between scientists who are already engaged and those who are not, and making institutional reforms, for example by offering more time and money for climate-related actions or rewarding public engagement.

Wake-up call

'Governments and corporations continue to make empty promises that downplay the level of transformation that is required to prevent climate breakdown,' says Adam Aron, professor of psychology at the University of California, San Diego, and a co-author of the study: 'This study makes clear that scientists from all disciplines are very worried and are calling for this fundamental transformation. I hope it helps wake people up and get engaged -- more and more scientists are.'

About the survey

In their study, the researchers sampled the scientific community by sending targeted emails to more than 250,000 academics. The more than 9,000 scientists who ultimately responded to the survey came from 115 countries, all academics disciplines, and all career stages. The researchers acknowledge the possibility that scientists who were already involved in climate change may have been more likely to participate in the survey, which could affect the extent to which the reported percentages are representative of the scientific community as a whole.
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How the rising earth in Antarctica will impact future sea level rise | ScienceDaily
The rising earth beneath the Antarctic Ice Sheet will likely become a major factor in future sea level rise, a new study suggests.


						
Despite feeling like a stationary mass, most solid ground is undergoing a process of deformation, sinking and rising in response to many environmental factors. In Antarctica, melting glacial ice means less weight on the bedrock below, allowing it to rise. How the rising earth interacts with the overlying ice sheet to affect sea level rise is not well-studied, said Terry Wilson, co-author of the study and a senior research scientist at the Byrd Polar and Climate Research Center at The Ohio State University.

In the new study, Wilson's colleagues at McGill University developed a model to predict how these interactions could impact global sea level, finding that if humans can lower greenhouse gas emissions and global warming is slowed, upward shifts in the solid earth could reduce Antarctica's contribution to sea level rise by about 40%, significantly bolstering the best case scenarios for global sea level rise. In this low-emissions scenario, land uplift slows the flow of ice from land to ocean, allowing for more of the ice sheet to be preserved.

Conversely, if humans are unable to lower carbon emissions in time, ice retreat will outpace uplift, pushing ocean water away from Antarctica and amplifying sea level rise. These events could significantly worsen the most dire models of projected sea level rise along populated coastlines, said Wilson.

"Our measurements show that the solid earth that forms the base of the Antarctic ice sheet is changing shape surprisingly quickly," said Wilson. "The land uplift from reduced ice on the surface is happening in decades, rather than over thousands of years."

The study was published today in Science Advances. 

To arrive at these conclusions, the team developed a 3D model of the Earth's interior using geophysical field measurements from the Antarctic Network (ANET) of the Polar Earth Observing Network (POLENET) project. The mission is focused on studying the changing polar regions by collecting GPS and seismic data from an array of autonomous systems across Antarctica.




Researchers then performed a number of simulations to capture many possible evolutions of Antarctica's ice sheet and the extent of global sea level rise Earth may experience until the year 2500, according to those parameters.

"We can project what difference it actually will make if we all contribute to a low-emission scenario now, versus what's come to be called 'business as usual' emissions," said Wilson, who is also the lead investigator of the ANET-POLENET project.

She attributes the model's unprecedented level of detail to how deftly it incorporates data from Antarctica. GPS stations monitor how the land is moving and seismometers measure how fast seismic waves from earthquakes travel through the earth, yielding important insight into where the land uplift will be fast or slow.

Surprisingly, according to some of the team's GPS observations processed by researchers at Ohio State, Wilson said, the Antarctic Ice Sheet is currently experiencing a solid earth uplift of about 5 centimeters per year, about 5 times the rate that North America experiences.

Another significant aspect of the study is how the changes in Antarctica under different carbon emissions scenarios will impact coastlines around the world. Because sea level change will not be uniform, the study notes that nearly 700 million people around the world living in coastal regions will be most impacted by rising seas due to Antarctic ice loss.

Since some regions, such as small island nations, will be more vulnerable than others, mitigating environmental conditions like atmospheric and ocean warming is a vital issue for society, said Wilson.




"Many people are now more aware they're experiencing the effects of climate change," she said. "This work reinforces that our actions as individuals, nations and globally can make a difference in what kind of Earth our offspring will experience in their lifetimes."

The study results highlight how complex the relationship between the solid earth and the processes that happen atop it is, as well as the importance of continuing to gather enough data to make prompt and accurate predictions about what the next few centuries of our planet will look like.

"There's a lot of uncertainty in every model and every prediction that you make," said Wilson. "But to document how fast our world is changing, it's very important to continue advancing our ability to make predictions that are more certain, which is the only path that will allow us to tend to our future in a meaningful way."

Wilson completed the study with colleagues from McGill University, Pennsylvania State University, the University of Massachusetts Amherst, Columbia University, Washington University, Colorado State University and the Union of Concerned Scientists. This study was supported by the U.S National Science Foundation and the Natural Sciences and Engineering Research Council of Canada.
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Link between global warming and rising sea levels | ScienceDaily
A McGill-led study suggests that Earth's natural forces could substantially reduce Antarctica's impact on rising sea levels, but only if carbon emissions are swiftly reduced in the coming decades. By the same token, if emissions continue on the current trajectory, Antarctic ice loss could lead to more future sea level rise than previously thought.


						
The finding is significant because the Antarctic Ice Sheet is the largest ice mass on Earth, and the biggest uncertainty in predicting future sea levels is how this ice will respond to climate change.

"With nearly 700 million people living in coastal areas and the potential cost of sea-level rise reaching trillions of dollars by the end of the century, understanding the domino effect of Antarctic ice melt is crucial," said lead author Natalya Gomez, an Associate Professor in McGill's Department of Earth and Planetary Sciences and Canada Research Chair in Ice sheet -- Sea level interactions.

The study focuses on how the ice sheet interacts with the earth beneath, and how that dynamic is influenced by carbon-emission levels. This relationship has not been thoroughly explored in previous studies, the researchers said.

"Our findings show that while some sea level rise is inevitable, swift and substantive action to lower emissions could prevent some of the most destructive impacts of climate change, particularly for coastal communities," Gomez said.

Rising seas and nature's double-edged sword 

As ice melts, its weight decreases, causing the land beneath it to rise like an expanding sponge. The researchers say this process, called post-glacial uplift, can be a double-edged sword.




If emissions drop quickly, limiting global warming, post-glacial uplift can act as a natural brake on ice-mass loss. It lifts the ice up, slowing the flow of ice from land to ocean. The study found this dynamic can reduce Antarctica's contribution to sea- level rise by up to 40 per cent.

However, if carbon outputs keep pace and the planet heats up quickly, the rebounding land will not be enough to slow the rapidly melting ice, and instead pushes more ocean water away from Antarctica, accelerating sea-level rise along populated coastlines.

To reach their findings, Gomez and collaborating scholars from Canada and the United States developed a 3-D model of Earth's interior. Their model used geophysical field measurements from the U.S. ANET-POLENET project, which had pioneered large-scale deployments of sensitive instruments to record the bedrock uplift and seismic signals across large expanses of Antarctica. These extensive field measurements were essential for characterizing the three-dimensional variations of the Antarctic mantle incorporated in the study.

"Our 3-D model peels back Earth's layers like an onion, revealing dramatic variations in thickness and consistency of the mantle below. This knowledge helps us better predict how different areas will respond to melting," said co-author Maryam Yousefi, a geodesist at Natural Resources Canada and previously a Postdoctoral Fellow at McGill and Penn State universities.

It's the first model to capture the relationship between Antarctica's ice and underlying earth in such detail, she added.

Notes Rob DeConto, a co-author and glaciologist at the University of Massachusetts, "This study marks a breakthrough in our ability to better predict the impacts of climate change on rising seas and to inform effective environmental policy."

Global impacts

The findings, published in Science Advances, highlight the inequalities of climate change, the scholars noted. Island nations, which contribute the least to global emissions, are likely to bear the brunt of their consequences, they said.

The study is a collaboration between researchers at McGill, Pennsylvania State, Cambridge, Columbia, Colorado State, Ohio State, the University of Massachusetts Amherst, the University of Washington and the Union of Concerned Scientists. It was funded by the Canadian Natural Sciences and Engineering Research Council, the U.S. National Science Foundation and the Canada Research Chairs program.
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Scientists pin down the origins of the moon's tenuous atmosphere | ScienceDaily
While the moon lacks any breathable air, it does host a barely-there atmosphere. Since the 1980s, astronomers have observed a very thin layer of atoms bouncing over the moon's surface. This delicate atmosphere -- technically known as an "exosphere" -- is likely a product of some kind of space weathering. But exactly what those processes might be has been difficult to pin down with any certainty.


						
Now, scientists at MIT and the University of Chicago say they have identified the main process that formed the moon's atmosphere and continues to sustain it today. In a study appearing in Science Advances, the team reports that the lunar atmosphere is primarily a product of "impact vaporization."

In their study, the researchers analyzed samples of lunar soil collected by astronauts during NASA's Apollo missions. Their analysis suggests that over the moon's 4.5-billion-year history its surface has been continuously bombarded, first by massive meteorites, then more recently, by smaller, dust-sized "micrometeoroids." These constant impacts have kicked up the lunar soil, vaporizing certain atoms on contact and lofting the particles into the air. Some atoms are ejected into space, while others remain suspended over the moon, forming a tenuous atmosphere that is constantly replenished as meteorites continue to pelt the surface.

The researchers found that impact vaporization is the main process by which the moon has generated and sustained its extremely thin atmosphere over billions of years.

"We give a definitive answer that meteorite impact vaporization is the dominant process that creates the lunar atmosphere," says the study's lead author, Nicole Nie, an assistant professor in MIT's Department of Earth, Atmospheric, and Planetary Sciences. "The moon is close to 4.5 billion years old, and through that time the surface has been continuously bombarded by meteorites. We show that eventually, a thin atmosphere reaches a steady state because it's being continuously replenished by small impacts all over the moon."

Nie's co-authors are Nicolas Dauphas, Zhe Zhang, and Timo Hopp at the University of Chicago, and Menelaos Sarantos at NASA Goddard Space Flight Center.

Weathering's roles

In 2013, NASA sent an orbiter around the moon to do some detailed atmospheric reconnaissance. The Lunar Atmosphere and Dust Environment Explorer (LADEE, pronounced "laddie") was tasked with remotely gathering information about the moon's thin atmosphere, surface conditions, and any environmental influences on the lunar dust.




LADEE's mission was designed to determine the origins of the moon's atmosphere. Scientists hoped that the probe's remote measurements of soil and atmospheric composition might correlate with certain space weathering processes that could then explain how the moon's atmosphere came to be.

Researchers suspect that two space weathering processes play a role in shaping the lunar atmosphere: impact vaporization and "ion sputtering" -- a phenomenon involving solar wind, which carries energetic charged particles from the sun through space. When these particles hit the moon's surface, they can transfer their energy to the atoms in the soil and send those atoms sputtering and flying into the air.

"Based on LADEE's data, it seemed both processes are playing a role," Nie says. "For instance, it showed that during meteorite showers, you see more atoms in the atmosphere, meaning impacts have an effect. But it also showed that when the moon is shielded from the sun, such as during an eclipse, there are also changes in the atmosphere's atoms, meaning the sun also has an impact. So, the results were not clear or quantitative."

Answers in the soil

To more precisely pin down the lunar atmosphere's origins, Nie looked to samples of lunar soil collected by astronauts throughout NASA's Apollo missions. She and her colleagues at the University of Chicago acquired 10 samples of lunar soil, each measuring about 100 milligrams -- a tiny amount that she estimates would fit into a single raindrop.

Nie sought to first isolate two elements from each sample: potassium and rubidium. Both elements are "volatile," meaning that they are easily vaporized by impacts and ion sputtering. Each element exists in the form of several isotopes. An isotope is a variation of the same element, that consists of the same number of protons but a slightly different number of neutrons. For instance, potassium can exist as one of three isotopes, each one having one more neutron, and there being slightly heavier than the last. Similarly, there are two isotopes of rubidium.




The team reasoned that if the moon's atmosphere consists of atoms that have been vaporized and suspended in the air, lighter isotopes of those atoms should be more easily lofted, while heavier isotopes would be more likely to settle back in the soil. Furthermore, scientists predict that impact vaporization, and ion sputtering, should result in very different isotopic proportions in the soil. The specific ratio of light to heavy isotopes that remain in the soil, for both potassium and rubidium, should then reveal the main process contributing to the lunar atmosphere's origins.

With all that in mind, Nie analyzed the Apollo samples by first crushing the soils into a fine powder, then dissolving the powders in acids to purify and isolate solutions containing potassium and rubidium. She then passed these solutions through a mass spectrometer to measure the various isotopes of both potassium and rubidium in each sample.

In the end, the team found that the soils contained mostly heavy isotopes of both potassium and rubidium. The researchers were able to quantify the ratio of heavy to light isotopes of both potassium and rubidium, and by comparing both elements, they found that impact vaporization was most likely the dominant process by which atoms are vaporized and lofted to form the moon's atmosphere.

"With impact vaporization, most of the atoms would stay in the lunar atmosphere, whereas with ion sputtering, a lot of atoms would be ejected into space," Nie says. "From our study, we now can quantify the role of both processes, to say that the relative contribution of impact vaporization versus ion sputtering is about 70:30 or larger." In other words, 70 percent or more of the moon's atmosphere is a product of meteorite impacts, whereas the remaining 30 percent is a consequence of the solar wind.

"The discovery of such a subtle effect is remarkable, thanks to the innovative idea of combining potassium and rubidium isotope measurements along with careful, quantitative modeling," says Justin Hu, a postdoc who studies lunar soils at Cambridge University, who was not involved in the study. "This discovery goes beyond understanding the moon's history, as such processes could occur and might be more significant on other moons and asteroids, which are the focus of many planned return missions."

"Without these Apollo samples, we would not be able to get precise data and measure quantitatively to understand things in more detail," Nie says. "It's important for us to bring samples back from the moon and other planetary bodies, so we can draw clearer pictures of the solar system's formation and evolution."

This work was supported, in part, by NASA and the National Science Foundation.
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Fossil shows how penguins' wings evolved | ScienceDaily
A tiny fossil penguin plays a huge role in the evolutionary history of the bird, an international study shows.


						
Published in the Journal of the Royal Society of New Zealand, the study describes a new species of fossil penguin which lived in Otago about 24 million years ago.

Named Pakudyptes hakataramea, the penguin was very small -- about the same size as the little blue penguin, the smallest in the world -- with anatomical adaptations that allowed it to dive.

Lead author Dr Tatsuro Ando, formerly a PhD candidate at the University of Otago -- Otakou Whakaihu Waka and now at the Ashoro Museum of Palentology in Japan, collaborated with researchers from Otago, Okayama University of Science and Osaka University.

Dr Ando's inspiration for the paper came from discussions with the late Professor Ewan Fordyce, his supervisor and mentor at Otago.

Researchers analysed three bones -- a humerus, femur and ulna -- found by Professor Fordyce in the Hakataramea Valley, South Canterbury.

Dr Ando says Pakudyptes fills a morphological gap between modern and fossil penguins.




"In particular, the shape of the wing bones differed greatly, and the process by which penguin wings came to have their present form and function remained unclear," he says.

The humerus and ulna highlight how penguins' wings have evolved.

"Surprisingly, while the shoulder joints of the wing of Pakudyptes were very close to the condition of the present-day penguin, the elbow joints were very similar to those of older types of fossil penguins.

"Pakudyptes is the first fossil penguin ever found with this combination, and it is the 'key' fossil to unlocking the evolution of penguin wings."

Co-author Dr Carolina Loch, from Otago's Faculty of Dentistry, says analysis of the internal bone structure conducted at the Faculty of Dentistry, with comparison with data on living penguins provided from the Okayama University of Science, shows these penguins had microanatomical features suggestive of diving.

Modern penguins have excellent swimming abilities, largely due to their dense, thick bones that contribute to buoyancy during diving.




In Pakudyptes, the bone cortex was reasonably thick although the medullary cavity, which contains bone marrow, was open, similar to what we see in the modern little blue penguin, which tends to swim in shallow waters.

The ability for Pakudyptes to dive and swim comes down to the distinctive combination of its bones.

Bones such as the humerus and ulna show areas for attachment of muscles and ligaments which reveal how the wings were being used to swim and manoeuvre under water.

Dr Loch says fossil penguins were usually large, about 1m in height.

"Penguins evolved rapidly from the Late Oligocene to Early Miocene and Pakudyptes is an important fossil from this period. Its small size and unique combination of bones may have contributed to the ecological diversity of modern penguins."
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Sea level changes shaped early life on Earth, fossil study reveals | ScienceDaily
A newly developed timeline of early animal fossils reveals a link between sea levels, changes in marine oxygen, and the appearance of the earliest ancestors of present-day animals.


						
The study reveals clues into the forces that drove the evolution of the earliest organisms, from which all major animal groups descended.

A team from the University of Edinburgh studied a compilation of rocks and fossils from the so-called Ediacaran-Cambrian interval -- a slice of time 580-510 million years ago. This period witnessed an explosion of biodiversity according to fossil records, the causes of which have baffled scientists since Charles Darwin.

The early animals found from this era were all sea-dwellers, at a time when oxygen levels in the air and ocean were much lower than today.

While the very first lifeforms before this time were mostly single-cell, and simple multi-celled organisms, creatures in the Ediacaran Period started to become more complex, with multiple cells organised into body plans that allowed them to feed, reproduce, and move across the ocean floor.

This era also marked the emergence of so-called bilaterian animals -- which display symmetrical body plans, in common with most present-day species including humans.

By compiling data from different sources -- including radioactive dating and geochemical information about the layers of rock in which fossils were found -- the team mapped all major fossil finds and various environmental datasets onto a single timeline.




The new chronology allowed the team to study trends in biodiversity for the period in question with more detail than before.

They combined these insights with further chemical clues from the geological record -- confirming a link between major changes in global sea levels, intervals when shallow marine environments gained more oxygen, and the appearance and diversification of early animal groups.

This dynamic set the stage for several significant bursts in biological diversity, known as the Avalon, White Sea, and Cambrian assemblages, each marking the arrival of new animal groups and the decline of others.

By reconstructing environmental conditions in deepest time, the study unlocks new insights into the ancient forces and pressures that shaped the earliest life on our planet.

The team also identified gaps in the fossil record, suggesting that current knowledge about early animals is biased by the clusters of sites worldwide where fossils have been found and studied.

Dr Fred Bowyer of the University of Edinburgh's School of Geosciences, said: "Constructing a timescale of early animal evolution using the rock record is a daunting task, only made possible through international and interdisciplinary research. But an integrated global approach is crucial. It exposes biases in our records, while also revealing patterns in fossil appearances, sea level cycles, and environmental oxygen."

Mariana Yilales Agelvis, a PhD student in the School of Geosciences who co-authored the study, said: "Knowing what drives biodiversity is a fundamental piece of knowledge in the puzzle of life. I feel very privileged to have built upon decades of interdisciplinary global research, and contributed to a better understanding of the role that sea level plays in early animal evolution."

The paper was published in Science Advances and funded by the Natural Environment Research Council (NERC).
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What gave the first molecules their stability? | ScienceDaily
The origins of life remain a major mystery. How were complex molecules able to form and remain intact for prolonged periods without disintegrating? A team at ORIGINS, a Munich-based Cluster of Excellence, has demonstrated a mechanism that could have enabled the first RNA molecules to stabilize in the primordial soup. When two RNA strands combine, their stability and lifespan increase significantly.


						
In all likelihood, life on Earth began in water, perhaps in a tide pool that was cut off from seawater at low tide but flooded by waves at high tide. Over billions of years, complex molecules like DNA, RNA and proteins formed in this setting before, ultimately, the first cells emerged. To date, however, nobody has been able to explain exactly how this happened.

"We know which molecules existed on the early earth," says Job Boekhoven, Professor of Supramolecular Chemistry at the Technical University of Munich (TUM). "The question is: Can we use this to replicate the origins of life in the lab?" The team led by Boekhoven at the ORIGINS Cluster of Excellence is primarily interested in RNA. "RNA is a fascinating molecule," says Boekhoven. "It can store information and also catalyze biochemical reactions." Scientists therefore believe that RNA must have been the first of all complex molecules to form.

The problem, however, is that active RNA molecules are composed of hundreds or even thousands of bases and are very unstable. When immersed in water, RNA strands quickly break down into their constituent parts -- a process known as hydrolysis. So, how could RNA have survived in the primordial soup?

How did double strands form in the primordial soup?

In laboratory testing, the researchers from TUM and LMU used a model system of RNA bases that join together more easily than naturally occurring bases in our cells today. "We didn't have millions of years available and wanted an answer quickly," explains Boekhoven. The team added these fast-joining RNA bases into a watery solution, provided an energy source and examined the length of the RNA molecules that formed. Their findings were sobering, as the resulting strands of up to five base pairs only survived for a matter of minutes.

The results were different, however, when the researchers started by adding short strands of pre-formed RNA. The free complementary bases quickly joined with this RNA in a process called hybridization. Double strands of three to five base pairs in length formed and remained stable for several hours. "The exciting part is that double strands lead to RNA folding, which can make the RNA catalytically active," explains Boekhoven. Double-stranded RNA therefore has two advantages: it has an extended lifespan in the primordial soup and serves as the basis for catalytically active RNA.




But how could a double strand have formed in the primordial soup? "We're currently exploring whether it's possible for RNAs to form their own complementary strand," says Boekhoven. It is conceivable for a molecule comprising three bases to join with a molecule comprising three complementary bases -- the product of which would be a stable double-strand. Thanks to its prolonged lifespan, further bases could join with it and the strand would grow.

Evolutionary advantage for protocells

Another characteristic of double-stranded RNA could have helped bring about the origin of life. It is firstly important to note that RNA molecules can also form protocells. These are tiny droplets with an interior fully separated from the outside world. Yet, these protocells do not have a stable cell membrane and so easily merge with other protocells, which causes their contents to mix. This is not conducive to evolution because it prevents individual protocells from developing a unique identity. However, if the borders of these protocells are composed of double-stranded DNA, the cells become more stable and merging is inhibited.

Insights also applicable to medicine

In the future, Job Boekhoven hopes to further improve understanding of the formation and stabilization of the first RNA molecules. "Some people regard this research as a sort of hobby. During the Covid-19 pandemic, though, everyone saw how important RNA molecules can be, including for vaccines," says Boekhoven. "So, while our research is striving to answer one of the oldest questions in science, that's not all: we're also generating knowledge about RNA that could benefit many people today."
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Solving the doping problem: Enhancing performance in organic semiconductors | ScienceDaily
Cavendish physicists have discovered two new ways to improve organic semiconductors. They found a way to remove more electrons from the material than previously possible and used unexpected properties in an environment known as the non-equilibrium state, boosting its performance for use in electronic devices.


						
"We really wanted to hit the nail and figure out what is happening when you heavily dope polymer semiconductors,' said Dr Dionisius Tjhe, Postdoctoral Research Associate at the Cavendish Laboratory. Doping is the process of removing or adding electrons into a semiconductor, increasing its ability to carry electrical current.

In a recent paper published in Nature Materials, Tjhe and his colleagues detail how these novel insights could be helpful in improving the performance of doped semiconductors.

Energy bands at unprecedented levels of doping

Electrons in solids are organised into energy bands. The highest-energy band, referred to as the valence band, controls many of the important physical properties such as electrical conductivity and chemical bonding. Doping in organic semiconductors is achieved by removing a small fraction of electrons from the valence band. Holes, the absence of electrons, can then flow and conduct electricity.

"Traditionally, only ten to twenty percent of the electrons in an organic semiconductor's valence band are removed, which is already much higher than the parts per million levels typical in silicon semiconductors," said Tjhe. "In two of the polymers that we studied, we were able to completely empty the valence band. More surprisingly, in one of these materials we can go even further and remove electrons from the band below. This could be the first time that's been achieved!"

Interestingly the conductivity is significantly larger in the deeper valence band, compared to the top one. "The hope is that charge transport in deep energy levels could ultimately lead to higher-power, thermoelectric devices. These convert heat into electricity," said Dr Xinglong Ren, Postdoctoral Research Associate at the Cavendish Laboratory and co-first author of the study. "By finding materials with a higher power output, we can convert more of our waste heat into electricity and make it a more viable energy source."

Why was this observed in this material?




Although the researchers believe that the emptying of the valence band should be possible in other materials, this effect is perhaps most easily seen in polymers. "We think that the way the energy bands are arranged in our polymer, as well as the disordered nature of the polymer chains allows us to do this," said Tjhe. "In contrast, other semiconductors, such as silicon, are probably less likely to host these effects, as it is more difficult to empty the valence band in these materials. Understanding how to reproduce this result in other materials is the crucial next step. It's an exciting time for us."

Is there another way to increase the thermoelectric performance?

Doping leads to an increase in the number of holes, but it also increases the number of ions, which limits the power. Luckily, researchers can control the number of holes, without affecting the number of ions, by using an electrode known as a field-effect gate.

"Using the field-effect gate, we found that we could adjust the hole density, and this led to very different results," explained Dr Ian Jacobs, Royal Society University Research Fellow at the Cavendish Laboratory. "Conductivity is normally proportional to the number of holes, increasing when the number of holes are increased, and decreasing when they are removed. This is observed when we change the number of holes by adding or removing ions. However, when using the field-effect gate, we see a different effect. Adding or removing holes always causes a conductivity increase!"

Harnessing the power of the non-equilibrium state

The researchers were able to trace these unexpected effects to a 'Coulomb gap', a well-known, though rarely observed feature in disordered semiconductors. Interestingly, this effect disappears at room temperature and the expected trend is recovered.




"Coulomb gaps are notoriously hard to observe in electrical measurements, because they only become visible when the material is unable to find its most stable configuration," Jacobs added. "On the other hand, we were able to see these effects at much higher temperatures than anticipated, only about -30degC."

"It turns out that in our material, the ions freeze; this can happen at relatively high temperatures," said Ren. "If we add or remove electrons when the ions are frozen, the material is in a non-equilibrium state. The ions would prefer to rearrange and stabilise the system, but they can't because they are frozen. This allows us to see the Coulomb gap."

Usually there is a tradeoff between thermoelectric power output and conductivity, one increases whilst the other decreases. However, due to the Coulomb gap and the non-equilibrium effects, both can be increased together, meaning the performance can be improved. The only limitation is that the field-effect gate currently only affects the surface of the material. If the bulk of the material can be affected, it would increase the power and conductivity to even larger magnitudes.

Though the group still has some headway to make, the research paper outlines a clear method to improve the performance of organic semiconductors. With exciting prospects in the energy field, the group have left the door open for further investigation of these properties. "Transport in these non-equilibrium states has once again proved to be a promising route for better organic thermoelectric devices," said Tjhe.
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Retreat of tropical glaciers foreshadows changing climate's effect on the global ice | ScienceDaily
As they are in many places around the globe, glaciers perched high in the Andes Mountains are shrinking. Now, researchers at the University of Wisconsin-Madison and their collaborators have uncovered evidence that the high-altitude tropical ice fields are likely smaller than they've been at any time since the last ice age ended 11,700 years ago.


						
That would make the tropical Andes the first region in the world known to pass that threshold as a result of the steadily warming global climate. It also makes them possible harbingers of what's to come for glaciers globally.

"We think these are the canary in the coal mine. The tropics would probably be the first place you'd expect ice to disappear, and that's what we're seeing," says Shaun Marcott, a professor of geoscience at UW-Madison. Marcott guided the research with colleagues at Boston College and Tulane University. Andrew Gorin, a former Boston College graduate student who is now at University of California, Berkeley, led the study, which appears in the Aug. 2, 2024, issue of the journal Science.

Glaciers grow slowly over time in regions where summer weather isn't warm enough to melt all of the previous winter's snowfall. Over time, unmelted snow collects and gets compacted and begins to move under its own weight, resulting in the year-round ice that defines a glacier.

Satellite imagery and on-the-ground observations have provided conclusive evidence for decades that high-altitude glaciers in the Andes are steadily shrinking as warmer temperatures cause them to melt more quickly than falling snow can replenish them.

What has remained unclear, though, is whether the glaciers' dwindling footprints are anomalously small compared to the rest of the period that began at the end of the last ice age, known as the Holocene. Meanwhile, glaciers in other parts of the world were smaller at some points in the early Holocene, when the global climate was warmer and drier than recent millennia.

"We knew that glaciers ebbed and flowed in the past, so we wanted to learn how the behavior of glaciers today -- melting due to human-caused climate change -- stacks up against their long-term fluctuations," says Andy Jones, a UW-Madison doctoral student and study co-author.




To answer this question, the team of scientists analyzed the geochemistry of bedrock from areas near the edges of four glaciers in the high tropical Andes, choosing sites that satellite imagery showed were exposed by melting ice in only the last two or three decades.

The team specifically looked for evidence of two unique isotopes -- basically chemical flavors -- of a pair of elements with the bedrock's quartz crystals: beryllium-10 and carbon-14. These isotopes are only present in rock that has spent time at or near the Earth's surface as they result from interactions between the rock and cosmic rays, which are high-energy particles that constantly rain down on the planet from outer space.

Bedrock accumulates beryllium-10 and carbon-14 once it's exposed to the surface, so measuring the isotopes' concentrations in rock crystals near glaciers can be useful for understanding the previous extent of ice coverage. The team found "remarkably low" concentrations of both isotopes in nearly all samples, suggesting that melting ice has exposed bedrock near the glaciers for the first time only recently in most of the sampled locations.

Additional analyses -- and the fact that the extremely low concentrations were consistent across sample sites -- made the researchers confident that melting ice, rather than erosion, exposed the bedrock.

"It's highly unlikely this is from erosion," says Marcott. "Because the multiple locations we went to all show the same thing."

This consistency points to a single likely conclusion, according to Marcott: The world's tropical glaciers, more than 99% of which are located in the Andes, are the first to shrink beyond what's been seen in the recent geologic past.

"Glaciers are very sensitive to the climate system that they live in," says Marcott. "They really are the place you would look to see some of the first big changes resulting from a warming climate. You can look to these glaciers and imagine what we might be looking at going into the future in other places like the Western United States, which is a no-ice scenario."

This research was supported by the National Science Foundation (EAR-1805620; EAR-1805133; EAR-1805892).
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When it comes to DNA replication, humans and baker's yeast are more alike than different | ScienceDaily
Humans and baker's yeast have more in common than meets the eye, including an important mechanism that helps ensure DNA is copied correctly, reports a pair of studies published in the journals Science and Proceedings of the National Academy of Sciences.


						
The findings visualize for the first time a molecular complex -- called CTF18-RFC in humans and Ctf18-RFC in yeast -- that loads a "clamp" onto DNA to keep parts of the replication machinery from falling off the DNA strand.

It is the latest discovery from longtime collaborators Huilin Li, Ph.D., of Van Andel Institute, and Michael O'Donnell, Ph.D., of The Rockefeller University, to shed light on the intricate mechanisms that enable the faithful passage of genetic information from generation to generation of cells.

"The accurate copying of DNA is fundamental to the propagation of life," Li said. "Our findings add key pieces to the puzzle of DNA replication and could improve understanding of DNA replication-related health conditions."

DNA replication is a tightly controlled process that copies the genetic code, allowing its instructions to be conveyed from one generation of cells to the next. In diseases like cancer, these mechanisms can fail, leading to uncontrolled or faulty replication with devastating consequences.

To date, at least 40 diseases, including many cancers and rare disorders, have been linked to problems with DNA replication.

The process begins by unzipping DNA's ladder-like structure, resulting in two strands called the leading and lagging strands. A molecular construction crew then assembles the missing halves of the strands, turning a single DNA helix into two. Much of this work falls to enzymes called polymerases, which assemble the building blocks of DNA.




On their own, however, polymerases aren't good at staying on the DNA strand. They require CTF18-RFC in humans and Ctf18-RFC in yeast to thread a ring-shaped clamp onto the DNA leading strand, and another clamp loader called RFC in both human and yeast to thread the clamp onto the lagging strand. The clamp then closes and signals to the polymerases that they can begin replicating DNA.

Using high-powered cryo-electron microscopes, Li, O'Donnell and their teams revealed previously unknown facets of the leading strand clamp loaders' structures, including a "hook" that forces the leading strand polymerase to let go of the new DNA strand so it can be recognized by the clamp loader. This distinction represents a key difference between the functions of the leading strand clamp loader (CTF18-RFC) and the lagging strand clamp loader (RFC) and illuminates an important aspect of varying DNA duplication mechanisms on the leading and lagging strands.

Lastly, the study identified shared features between the yeast and human leading strand clamp loaders, which demonstrate an evolutionary link between the two. This finding underscores the value of yeast as powerful yet simple models for studying genetics.

Other authors of the Proceedings of the National Academy of Sciences paper include Qing He, Ph.D., and Feng Wang, Ph.D., of VAI. Other authors of the Science paper include Zuanning Yuan, Ph.D., of VAI; and Roxana Georgescu, Ph.D., Nina Y. Yao, Ph.D., and Olga Yurieva, Ph.D., of The Rockefeller University.
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Scientists revolutionize microscopy by reimagining the logic of imaging | ScienceDaily
An international team of scientists, led by Trinity College Dublin, has devised an innovative imaging method using state-of-the-art microscopes that significantly reduces the time and radiation required. Their work represents a significant breakthrough that will benefit several disciplines, from materials science to medicine, as the method promises to deliver improved imaging for sensitive materials such as biological tissues that are especially vulnerable to damage.


						
Currently, scanning transmission electron microscopes (STEMs) direct a highly focused beam of electrons across samples, building up images point by point. Conventionally, at each point, the beam stops for a fixed, predefined time, pausing to accumulate signal(s). Somewhat like cameras using photographic film, this yields images with a constant exposure time everywhere regardless of the features in the image area. Electrons are continually falling on the sample until the so-called "dwell-time" for each pixel has passed. The conventional approach is simple to implement, but risks using excessive damaging irradiation that may lead to sample transformation or destruction.

The new method, however, revolutionises the underlying approach, by reconsidering the fundamental logic of imaging. Instead of observing over a fixed time and measuring the number of detected "events" -- as electrons are scattered from different parts of the sample to build an image -- the team developed an event-based detection system where they measure the varying time taken to detect a set number of these events.

Both approaches can give equivalent "detection rate" image contrast, but crucially the new mathematical theory behind their approach shows that the first electron detected at each probing position provides a lot of information in building the image, but subsequent electron hits to that same point provide rapidly diminishing returns of information. And every electron on the specimen brings the same risk of damage.

Essentially, the new method means you can "shut off" the illumination right at the peak of imaging efficiency, needing fewer electrons to build an image of similar or better quality.

But a theory alone doesn't deliver a reduced radiation mode. To realise this, the team have patented a technology (Tempo STEM) -- jointly with IDES Ltd. -- that does just this, combining a high-tech "beam blanker" to shutter the beam once the desired precision at each measurement point in the sample has been achieved.

Dr Lewys Jones, Ussher Assistant Professor in Trinity College Dublin's School of Physics, Royal Society-Science Foundation Ireland University Research Fellow, and Funded Investigator in AMBER, the SFI Centre for Advanced Materials and Bioengineering Research, led the team behind the research article that has just been published in leading international journal Science.

He said: "Combining two already state-of-the-art technologies in such an exciting way delivers a real leap in the microscope's capabilities. Giving microscopists the ability to 'blank' or 'shutter' the electron beam on and off in a matter of nanoseconds in response to real-time events has never been done before.

"Our approach reduces the overall dose of radiation needed to produce high-quality images, eliminates the excess dose that was only providing diminishing returns, and avoids causing unnecessary damage to the sample."

Dr Jon Peters, Trinity, is first author of the work. He said: "We tend to think of electrons as relatively mild from a radiation perspective, but when they are fired at a tiny biological sample at speeds of around 75% the speed of light, it's no surprise that they damage these samples. This has been a major issue for microscopy, as the images you get back could be unusable, or worse, misleading. This is obviously problematic if you need to make decisions on future battery materials or catalyst development."
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Half a billion-year-old spiny slug reveals the origins of mollusks | ScienceDaily
A team of researchers including scientists from the University of Oxford have made an astonishing discovery of a new species of mollusc that lived 500 million years ago. The new fossil, called Shishania aculeata*, reveals that the most primitive molluscs were flat, shell-less slugs covered in a protective spiny armour. The findings have been published today in the journal Science.


						
The new species was found in exceptionally well-preserved fossils from eastern Yunnan Province in southern China dating from a geological Period called the early Cambrian, approximately 514 million years ago. The specimens of Shishania are all only a few centimetres long and are covered in small spikey cones (sclerites) made of chitin, a material also found in the shells of modern crabs, insects, and some mushrooms.

Specimens that were preserved upside down show that the bottom of the animal was naked, with a muscular foot like that of a slug that Shishania would have used to creep around the seafloor over half a billion years ago. Unlike most molluscs, Shishania did not have a shell that covered its body, suggesting that it represents a very early stage in molluscan evolution.

Present-day molluscs have a dizzying array of forms, and include snails and clams and even highly intelligent groups such as squids and octopuses. This diversity of molluscs evolved very rapidly a long time ago, during an event known as the Cambrian Explosion, when all the major groups of animals were rapidly diversifying. This rapid period of evolutionary change means that few fossils have been left behind that chronicle the early evolution of molluscs.

Corresponding author Associate Professor Luke Parry, Department of Earth Sciences, University of Oxford, said: 'Trying to unravel what the common ancestor of animals as different as a squid and oyster looked like is a major challenge for evolutionary biologists and palaeontologists -- one that can't be solved by studying only species alive today. Shishania gives us a unique view into a time in mollusc evolution for which we have very few fossils, informing us that the very earliest mollusc ancestors were armoured spiny slugs, prior to the evolution of the shells that we see in modern snails and clams.'

Because the body of Shishania was very soft and made of tissues that don't typically preserve in the fossil record, the specimens were challenging to study, as many of the specimens were poorly preserved.

First author Guangxu Zhang, a recent PhD graduate from Yunnan University in China who discovered the specimens said: 'At first I thought that the fossils, which were only about the size of my thumb, were not noticeable, but I saw under a magnifying glass that they seemed strange, spiny, and completely different from any other fossils that I had seen. I called it "the plastic bag" initially because it looks like a rotting little plastic bag. When I found more of these fossils and analysed them in the lab I realised that it was a mollusc.'




Associate Professor Parry added: 'We found microscopic details inside the conical spines covering the body of Shishania that show how they were secreted in life. This sort of information is incredibly rare, even in exceptionally preserved fossils.'

The spines of Shishania show an internal system of canals that are less than a hundredth of a millimetre in diameter. These features show that the cones were secreted at their base by microvilli, tiny protrusions of cells that increase surface area, such as in our intestines where they aid food absorption.

This method of secreting hard parts is akin to a natural 3D printer, allowing many invertebrate animals to secrete hard parts with huge variation of shape and function from providing defence to facilitating locomotion.

Hard spines and bristles are known in some present-day molluscs (such as chitons), but they are made of the mineral calcium carbonate rather than organic chitin as in Shishania. Similar organic chitinous bristles are found in more obscure groups of animals such as brachiopods and bryozoans, which together with molluscs and annelids (earthworms and their relatives) form the group Lophotrochozoa.

Professor Parry added: 'Shishania tells us that the spines and spicules we see in chitons and aplacophoran molluscs today actually evolved from organic sclerites like those of annelids. These animals are very different from one another today and so fossils like Shishania tell us what they looked like deep in the past, soon after they had diverged from common ancestors.'

Co-author Jakob Vinther at the University of Bristol said: 'Molluscs today are extraordinarily disparate and they diversified very quickly during the Cambrian Explosion, meaning that we struggle to piece together their early evolutionary history. We know that the common ancestor of all molluscs alive today would have had a single shell, and so Shishania tells us about a very early time in mollusc evolution before the evolution of a shell.'

Co-corresponding author Xiaoya Ma (Yunnan University and University of Exeter) said: 'This new discovery highlights the treasure trove of early animal fossils that are preserved in the Cambrian rocks of Yunnan Province. Soft bodied molluscs have a very limited fossil record, and so these very rare discoveries tell us a great deal about these diverse animals.'

*Etymology of Shishania aculeata: Shishan refers to Shishan Zhang, for his outstanding contributions to the study of early Cambrian strata and fossils in eastern Yunnan; aculeata (Latin), having spines, prickly.
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        3D-printed blood vessels bring artificial organs closer to reality
        Lab-grown organs are a long-time 'holy grail' of organ engineering that has yet to be achieved, but new research has brought that goal a big step closer to reality using a new 3D-printing method called co-SWIFT. co-SWIFT prints branching networks of double-layered vessels that are infused with smooth muscle cells and endothelial cells into living human cardiac tissue, and can even replicate patient-specific vascular structures,indicating that it could one day be used for personalized medicine.

      

      
        Electric bandage holds promise for treating chronic wounds
        Researchers have developed an inexpensive bandage that uses an electric field to promote healing in chronic wounds. In animal testing, wounds that were treated with these electric bandages healed 30% faster than wounds treated with conventional bandages.

      

      
        Do smells prime our gut to fight off infection?
        In nematodes and humans, mitochondrial stress in the nervous system initiates a whole-body response that is most pronounced in the gut. A recent study showed that in nematodes, the odor of a pathogen triggers the nervous system to broadcast this response to the rest of the organism, prepping mitochondria in intestinal cells to fight a bacterial infection. Humans, too, may be able to sense pathogenic odors that prepare the gut for an infection.

      

      
        Type 2 diabetes can be prevented by diet and exercise even in individuals with a high genetic risk
        A new study shows that a healthy diet and regular exercise reduce the risk of type 2 diabetes even in individuals with a high genetic risk. In other words, everyone benefits from lifestyle changes, regardless of genetic risk.

      

      
        Pesticide contamination is more than apple skin deep
        Pesticides and herbicides are critical to ensuring food security worldwide, but these substances can present a safety risk to people who unwittingly ingest them. Protecting human health, therefore, demands sensitive analytical methods to identify even trace levels of potentially harmful substances. Now, researchers have developed a high-tech imaging method to detect pesticide contamination at low levels, and its application on fruits reveals that current food safety practices may be insufficient.

      

      
        Blood test can help predict chronic lung disease in preterm babies
        A blood test can help predict which preterm babies will go onto develop chronic lung disease, allowing for earlier diagnosis and more targeted treatments, according to a new study.

      

      
        Walking the walk, scientists develop motion-compatible brain scanner
        An upright neuroimaging device developed by neuroscientists, physicists and engineers allows patients to move around while undergoing a brain scan.

      

      
        Processing traumatic memories during sleep leads to changes in the brain associated with improvement in PTSD symptoms
        Currently, the first-choice treatment for PTSD is exposure-based psychotherapy, where therapists help rewire the emotions associated with the traumatic memory in the patient's brain, shifting from fear and arousal to a more neutral response. However, up to 50% of patients fail to respond well to this treatment. In a new study scientists showed for the first time that reactivating therapeutically-altered memories during sleep leads to more brain activity related to memory processing, which is asso...

      

      
        Most existing heat wave indices fail to capture heat wave severity
        Even though climate change is bringing more frequent and severe heat waves, there is no standard, global way to measure heat-wave severity, and existing indices have different thresholds for defining dangerous heat-stress conditions. Researchers report that five out of six existing heat-wave indices were unable to capture the severity and spatial distribution of recent lethal heat waves in India, Spain, and the USA. The sixth index -- the lethal heat-stress index -- was better able to identify da...

      

      
        Nasal microbiome: Depriving multi-resistant 'bugs' of iron
        Whether dangerous staphylococci survive in the nose depends on what other bacteria are present -- and how they obtain iron.

      

      
        Drug bypasses suppressive immune cells to unleash immunotherapy
        Immunobiologists found that a subset of immune cells that normally puts the brakes on the immune system to prevent it from attacking the body's healthy cells inadvertently also dampens cancer immunotherapy.

      

      
        Dozing at the wheel? Not with these fatigue-detecting earbuds
        To help protect drivers and machine operators from the dangers of drifting off, engineers have created prototype earbuds that can detect the signs of drowsiness in the brain. In a new study, the researchers show that their Ear EEG platform is sensitive enough to detect alpha waves, a pattern of brain activity that increases when you close your eyes or start to fall asleep.

      

      
        Lonely people tend to have more nightmares, new research shows
        People who are lonely are more apt to have bad dreams.

      

      
        Genetic 'episignatures' guide researchers in identifying causes of unsolved epileptic neurological disorders
        Scientists use DNA methylation patterns as a roadmap for identifying causes of severe epilepsies in children.

      

      
        Scientists reach consensus for fasting terminology
        38 scientists from five continents presented an international consensus on fasting terminology and key definitions. The recent study reflects the increasing popularity of diets tied to fasting and a significant increase in scientific studies of fasting. While the application of fasting is rapidly growing, there was previously no globally established terminology.

      

      
        New York City's fireworks display prompts temporary surge of air pollution
        In 2023, roughly 60,000 firework shells exploded above Manhattan's East River as part of Macy's Fourth of July show. The resulting air pollutant levels were many times higher in the hours after the display than those seen when smoke from a Canadian wildfire had blanketed the area a month before, according to the results of a new study.

      

      
        What happens to your brain when you drink with friends?
        Grab a drink with friends at happy hour and you're likely to feel chatty, friendly and upbeat. But grab a drink alone and you may experience feelings of depression. Researchers think they now know why this happens.

      

      
        Researchers create new treatment and vaccine for flu and various coronaviruses
        Researchers have discovered new ways of preventing and treating respiratory viruses. In two new papers, the team reports the development and validation of NanoSTING, a nasal spray, as a broad-spectrum immune activator for controlling infection against multiple respiratory viruses; and the development of NanoSTING-SN, a pan-coronavirus nasal vaccine, that can protect against infection and disease by all members of the coronavirus family.

      

      
        People's moral values change with the seasons
        A new psychology study has revealed regular seasonal shifts in people's moral values. The research analyzed survey responses from more than 230,000 people in the U.S. over 10 years and revealed that people's endorsement of moral values that promote group cohesion and conformity is stronger in the spring and fall than it is in the summer and winter. This has potential implications for politics, law and health -- including the timing of elections and court cases.

      

      
        Scientists probe molecular cause of COVID-19 related diarrhea, revealing potential treatments
        Working with human stem cells that form a kind of 'mini intestine-in-a-dish,' scientists say they have found several molecular mechanisms for COVID-19-related diarrhea, suggesting potential ways to control it.

      

      
        Hospital pneumonia diagnoses are uncertain, revised more than half the time, study finds
        An AI-based analysis of over 2 million hospital visits has found that most of the time, a pneumonia diagnosis made in the hospital will change from a patient's entrance to their discharge -- either because someone who was initially diagnosed with pneumonia ended up with a different final diagnosis, or because a final diagnosis of pneumonia was missed when a patient entered the hospital.

      

      
        Soft gold enables connections between nerves and electronics
        Gold does not readily lend itself to being turned into long, thin threads. But researchers have now managed to create gold nanowires and develop soft electrodes that can be connected to the nervous system. The electrodes are soft as nerves, stretchable and electrically conductive, and are projected to last for a long time in the body.

      

      
        Ketogenic Diet may reduce friendly gut bacteria and raise cholesterol levels
        A study reveals that ketogenic low-carbohydrate diets can increase cholesterol levels and reduce beneficial gut bacteria, specifically Bifidobacterium.

      

      
        Sport or snack? How our brain decides
        The brain chemical orexin is crucial when we choose between sport and the tasty temptations that beckon everywhere we turn. This research finding could also help people who find it difficult to motivate themselves to exercise.

      

      
        ALS diagnosis and survival linked to metals in blood, urine
        People with higher levels of metals found in their blood and urine may be more likely to be diagnosed with -- and die from -- amyotrophic lateral sclerosis, or ALS, a new study suggests. Investigators also discovered that participants working in occupations with a higher likelihood of metal exposure had increased levels of metal mixtures in their blood and urine. Researchers say by avoiding high risk activities associated with metal exposures, individuals might lower their overall exposure and po...

      

      
        Smallest arm bone in human fossil record sheds light on the dawn of Homo floresiensis
        A new study reports the discovery of extremely rare early human fossils from the Indonesian island of Flores, including an astonishingly small adult limb bone. Dated to about 700,000 years old, the new findings shed light on the evolution of Homo floresiensis, the so-called 'Hobbits' of Flores whose remains were uncovered in 2003 at Liang Bua cave in the island's west.

      

      
        Meteorin-like protein drains energy from T cells, limiting immune system's power to fight cancer
        A protein called Meteorin-like (METRNL) in the tumor microenvironment saps energy from T cells, thereby severely limiting their ability to fight cancer.

      

      
        Horse miscarriages offer clues to causes of early human pregnancy loss
        A study of horses -- which share many important similarities with humans in their chromosomes and pregnancies -- revealed that 42% of miscarriages and spontaneous abortions in the first two months of pregnancy were due to complications from an extra set of chromosomes, a condition called triploidy.

      

      
        New method tracks how psychedelics affect neurons in minutes
        A new tool to track the neurons and molecules activated in the brain by psychedlic drugs could help scientists unlock the benefits of psychedelic treatments for patients with brain disorders.

      

      
        Could this new drug turn back the clock on multiple sclerosis?
        Multiple sclerosis (MS) degrades the protective insulation around nerve cells, leaving their axons, which carry electrical impulses, exposed like bare wires. This can cause devastating problems with movement, balance and vision; and without treatment, it can lead to paralysis, loss of independence and a shortened lifespan.

      

      
        Forecasting climate's impact on a debilitating disease
        In Brazil, climate and other human-made environmental changes threaten decades-long efforts to fight schistosomiasis, a widespread and debilitating parasitic disease. Now, researchers have developed models that can predict how the disease risk will shift in response to environmental changes.

      

      
        Preventing Parkinson's disease may lie in seaweed antioxidants
        A research team examined the effect of Ecklonia cava polyphenols on the prevention of Parkinson's disease. It was found that the oral intake of the seaweed antioxidants restores motor function and protects dopaminergic neurons in model mice, while cellular experiments revealed the biochemical interaction of their preventive effect.

      

      
        Scientists create a cell that precludes malignant growth
        Researchers succeeded in creating cells whose proliferation can be controlled. The technique enables new and safe cell therapies.

      

      
        State-level, out-of-pocket insulin caps do not substantially increase utilization
        In a study, a cohort of researchers evaluated the effects of state-level insulin out-of-pocket costs across states and payers and over time. The team found that state-level caps on insulin out-of-pocket costs do not significantly increase insulin claims for patients with Type 1 or patients using insulin to manage Type 2 diabetes. Study results could help inform policies aimed at better delivering cost-capped insulin to patients struggling with insulin affordability.

      

      
        Natural bacteria compound offers safe skin lightening
        Melanocytes are responsible for producing melanin, a pigment that shields human skin from the harmful effects of ultraviolet radiation. However, issues arise when the mechanism for renewing dead cells, which helps regulate melanin accumulation, malfunctions. In a study, researchers discovered that the metabolite cyclo(L-Pro-L-Tyr) from Corynebacterium tuberculostearicum effectively inhibits tyrosinase, the enzyme crucial for melanin synthesis. These findings suggest promising applications for cyc...

      

      
        Why virus causing cold sores does not spread to devastating brain infection
        A previously unknown defence mechanism in the brain prevents herpesvirus from infecting the brain's nerve cells.

      

      
        Sometimes it hurts to think
        If somebody complains that it hurts to think, they may be onto something, as mental exertion appears to be associated with unpleasant feelings in many situations, according to new research.

      

      
        AI for mental health screening may carry biases based on gender, race
        A growing body of AI tools screen how people talk, searching for subtle changes that could indicate mental health concerns like depression or anxiety. A study finds that these tools don't perform consistently across people from different genders and races.

      

      
        Dance, dance revolution: Research shows dance and movement therapy can increase emotional and social intelligence in middle school students
        An assistant clinical professor developed a specialized dance and movement therapy (DMT) program to meet the unique needs of youth from diverse racial and ethnic backgrounds to foster a sense of community and connection.

      

      
        Ultrafine particles linked to over 1,000 deaths per year in Canada's two largest cities
        A new study conducted in Canada's two largest cities has linked about 1,100 premature deaths per year to an unregulated air pollutant. Ultrafine particles (UFPs) primarily come from vehicle emissions and industrial activities. Canada's federal and provincial governments have not set concentration limits for UFPs, as they have for larger fine particles known as PM2.5.

      

      
        Honey added to yogurt supports probiotic cultures for digestive health
        If you enjoy a bowl of plain yogurt in the morning, adding a spoonful of honey is a delicious way to sweeten your favorite breakfast food. It also supports the probiotic cultures in the popular fermented dairy product, according to two new studies.

      

      
        Tradition meets transformation for Maasai women
        A new study reveals that a changing Africa is creating avenues of empowerment for Maasai women.

      

      
        Improved chemokine homing enhances CAR T--cell therapy for osteosarcoma
        Investigators identified a chemokine/chemokine receptor mismatch for osteosarcoma (i.e., osteosarcomas secrete chemokines for which CAR T cells do not express receptors). The researchers modified CAR T cells targeting the osteosarcoma antigen B7-H3 to express CXCR2 or CXCR6 receptors, which recognize chemokines (CXCL8 or CXCL16) secreted by osteosarcoma.

      

      
        New safety checklist aims to prevent side effects in patients with arthritis
        Researchers develop a checklist to improve patient safety in the prescription of antirheumatic drugs.

      

      
        What researchers know about the genetic complexity of schizophrenia, to date
        A new review article outlines the genetic, neurobiological, and environmental foundations for schizophrenia.

      

      
        New study highlights scale and impact of long COVID
        Researchers analyzed dozens of previous studies into long COVID to examine the number and range of people affected, the underlying mechanisms of disease, the many symptoms that patients develop, and current and future treatments.

      

      
        Controlling thickness in fruit fly hearts reveals new pathway for heart disease
        A new study details how a protein previously associated with regulating metabolism in the liver also plays a part in maintaining a healthy heart by ensuring that the heart wall is neither too thick nor too thin.

      

      
        Discovery of a new population of macrophages promoting lung repair after viral infections
        Researchers have discovered a new population of macrophages, important innate immune cells that populate the lungs after injury caused by respiratory viruses. These macrophages are instrumental in repairing the pulmonary alveoli. This groundbreaking discovery promises to revolutionize our understanding of the post-infectious immune response and opens the door to new regenerative therapies.

      

      
        New compound effective against flesh-eating bacteria
        Researchers have developed a compound that is effective against common bacteria that can lead to rare, dangerous illnesses.

      

      
        Allergy cells' hidden secret
        Known for their role in allergic reactions, mast cells have long been recognised as key players in our immune system. When they encounter allergens, they release chemicals that trigger typical allergy symptoms such as tissue swelling and inflammation. Now, researchers have discovered a hidden talent of mast cells: they can capture and use another type of immune cell called neutrophils. This surprising discovery sheds new light on how our immune system works, particularly during allergic reactions...
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3D-printed blood vessels bring artificial organs closer to reality | ScienceDaily
Growing functional human organs outside the body is a long-sought "holy grail" of organ transplantation medicine that remains elusive. New research from Harvard's Wyss Institute for Biologically Inspired Engineering and John A. Paulson School of Engineering and Applied Science (SEAS) brings that quest one big step closer to completion.


						
A team of scientists created a new method to 3D print vascular networks that consist of interconnected blood vessels possessing a distinct "shell" of smooth muscle cells and endothelial cells surrounding a hollow "core" through which fluid can flow, embedded inside a human cardiac tissue. This vascular architecture closely mimics that of naturally occurring blood vessels and represents significant progress toward being able to manufacture implantable human organs. The achievement is published in Advanced Materials.

"In prior work, we developed a new 3D bioprinting method, known as "sacrificial writing in functional tissue" (SWIFT), for patterning hollow channels within a living cellular matrix. Here, building on this method, we introduce coaxial SWIFT (co-SWIFT) that recapitulates the multilayer architecture found in native blood vessels, making it easier to form an interconnected endothelium and more robust to withstand the internal pressure of blood flow," said first author Paul Stankey, a graduate student at SEAS in the lab of co-senior author and Wyss Core Faculty member Jennifer Lewis, Sc.D.

The key innovation developed by the team was a unique core-shell nozzle with two independently controllable fluid channels for the "inks" that make up the printed vessels: a collagen-based shell ink and a gelatin-based core ink. The interior core chamber of the nozzle extends slightly beyond the shell chamber so that the nozzle can fully puncture a previously printed vessel to create interconnected branching networks for sufficient oxygenation of human tissues and organs via perfusion. The size of the vessels can be varied during printing by changing either the printing speed or the ink flow rates.

To confirm the new co-SWIFT method worked, the team first printed their multilayer vessels into a transparent granular hydrogel matrix. Next, they printed vessels into a recently created matrix called uPOROS composed of a porous collagen-based material that replicates the dense, fibrous structure of living muscle tissue. They were able to successfully print branching vascular networks in both of these cell-free matrices. After these biomimetic vessels were printed, the matrix was heated, which caused collagen in the matrix and shell ink to crosslink, and the sacrificial gelatin core ink to melt, enabling its easy removal and resulting in an open, perfusable vasculature.

Moving into even more biologically relevant materials, the team repeated the printing process using a shell ink that was infused with smooth muscle cells (SMCs), which comprise the outer layer of human blood vessels. After melting out the gelatin core ink, they then perfused endothelial cells (ECs), which form the inner layer of human blood vessels, into their vasculature. After seven days of perfusion, both the SMCs and the ECs were alive and functioning as vessel walls -- there was a three-fold decrease in the permeability of the vessels compared to those without ECs.

Finally, they were ready to test their method inside living human tissue. They constructed hundreds of thousands of cardiac organ building blocks (OBBs) -- tiny spheres of beating human heart cells, which are compressed into a dense cellular matrix. Next, using co-SWIFT, they printed a biomimetic vessel network into the cardiac tissue. Finally, they removed the sacrificial core ink and seeded the inner surface of their SMC-laden vessels with ECs via perfusion and evaluated their performance.




Not only did these printed biomimetic vessels display the characteristic double-layer structure of human blood vessels, but after five days of perfusion with a blood-mimicking fluid, the cardiac OBBs started to beat synchronously -- indicative of healthy and functional heart tissue. The tissues also responded to common cardiac drugs -- isoproterenol caused them to beat faster, and blebbistatin stopped them from beating. The team even 3D-printed a model of the branching vasculature of a real patient's left coronary artery into OBBs, demonstrating its potential for personalized medicine.

"We were able to successfully 3D-print a model of the vasculature of the left coronary artery based on data from a real patient, which demonstrates the potential utility of co-SWIFT for creating patient-specific, vascularized human organs," said Lewis, who is also the Hansjorg Wyss Professor of Biologically Inspired Engineering at SEAS.

In future work, Lewis' team plans to generate self-assembled networks of capillaries and integrate them with their 3D-printed blood vessel networks to more fully replicate the structure of human blood vessels on the microscale and enhance the function of lab-grown tissues.

"To say that engineering functional living human tissues in the lab is difficult is an understatement. I'm proud of the determination and creativity this team showed in proving that they could indeed build better blood vessels within living, beating human cardiac tissues. I look forward to their continued success on their quest to one day implant lab-grown tissue into patients," said Wyss Founding Director Donald Ingber, M.D., Ph.D. Ingber is also the Judah Folkman Professor of Vascular Biology at HMS and Boston Children's Hospital and Hansjorg Wyss Professor of Biologically Inspired Engineering at SEAS.

Additional authors of the paper include Katharina Kroll, Alexander Ainscough, Daniel Reynolds, Alexander Elamine, Ben Fichtenkort, and Sebastien Uzel. This work was supported by the Vannevar Bush Faculty Fellowship Program sponsored by the Basic Research Office of the Assistant Secretary of Defense for Research and Engineering through the Office of Naval Research Grant N00014-21-1-2958 and the National Science Foundation through CELL-MET ERC (#EEC-1647837).
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Electric bandage holds promise for treating chronic wounds | ScienceDaily
Researchers have developed an inexpensive bandage that uses an electric field to promote healing in chronic wounds. In animal testing, wounds that were treated with these electric bandages healed 30% faster than wounds treated with conventional bandages.


						
Chronic wounds are open wounds that heal slowly, if they heal at all. For example, sores that occur in some patients with diabetes are chronic wounds. These wounds are particularly problematic because they often recur after treatment and significantly increase the risk of amputation and death.

One of the challenges associated with chronic wounds is that existing treatment options are extremely expensive, which can create additional problems for patients.

"Our goal here was to develop a far less expensive technology that accelerates healing in patients with chronic wounds," says Amay Bandodkar, co-corresponding author of the work and an assistant professor of electrical and computer engineering at North Carolina State University. "We also wanted to make sure that the technology is easy enough for people to use at home, rather than something that patients can only receive in clinical settings."

"This project is part of a bigger DARPA project to accelerate wound healing with personalized wound dressings," says Sam Sia, co-corresponding author of the work and professor of biomedical engineering at Columbia University. "This collaborative project shows that these lightweight bandages, which can provide electrical stimulation simply by adding water, healed wounds faster than the control, at a similar rate as bulkier and more expensive wound treatment."

Specifically, the research team developed water-powered, electronics-free dressings (WPEDs), which are disposable wound dressings that have electrodes on one side and a small, biocompatible battery on the other. The dressing is applied to a patient so that the electrodes come into contact with the wound. A drop of water is then applied to the battery, activating it. Once activated, the bandage produces an electric field for several hours.

"That electric field is critical, because it's well established that electric fields accelerate healing in chronic wounds," says Rajaram Kaveti, co-first author of the study and a post-doctoral researcher at NC State.




The electrodes are designed in a way that allows them to bend with the bandage and conform to the surface of the chronic wounds, which are often deep and irregularly shaped.

"This ability to conform is critical, because we want the electric field to be directed from the periphery of the wound toward the wound's center," says Kaveti. "In order to focus the electric field effectively, you want electrodes to be in contact with the patient at both the periphery and center of the wound itself. And since these wounds can be asymmetrical and deep, you need to have electrodes that can conform to a wide variety of surface features."

"We tested the wound dressings in diabetic mice, which are a commonly used model for human wound healing," says Maggie Jakus, co-first author of the study and a graduate student at Columbia. "We found that the electrical stimulation from the device sped up the rate of wound closure, promoted new blood vessel formation, and reduced inflammation, all of which point to overall improved wound healing."

Specifically, the researchers found that mice who received treatment with WPEDs healed about 30% faster than mice who received conventional bandages.

"But it is equally important that these bandages can be produced at relatively low cost -- we're talking about a couple of dollars per dressing in overhead costs." says Bandodkar.

"Diabetic foot ulceration is a serious problem that can lead to lower extremity amputations," says Aristidis Veves, a co-author of the study and professor of surgery at Beth Israel Deaconess Center. "There is urgent need for new therapeutic approaches, as the last one that was approved by the Food and Drug Administration was developed more than 25 years ago. My team is very lucky to participate in this project that investigates innovative and efficient new techniques that have the potential to revolutionize the management of diabetic foot ulcers."

In addition, the WPEDs can be applied quickly and easily. And once applied, patients can move around and take part in daily activities. This functionality means that patients can receive treatment at home and are more likely to comply with treatment. In other words, patients are less likely to skip treatment sessions or take shortcuts, since they aren't required to come to a clinic or remain immobile for hours.




"Next steps for us include additional work to fine-tune our ability to reduce fluctuations in the electric field and extend the duration of the field. We are also moving forward with additional testing that will get us closer to clinical trials and -- ultimately -- practical use that can help people," says Bandodkar.

The paper, "Water-powered, electronics-free dressings that electrically stimulate wounds for rapid wound closure," will be published Aug. 7 in the open-access journal Science Advances. The paper's co-authors include Henry Chen, an undergraduate in the joint biomedical engineering department at NC State and UNC; Bhavya Jain, Navya Mishra, Nivesh Sharma and Baha Erim Uzuno?lu, Ph.D. students at NC State; Darragh Kennedy and Elizabeth Caso of Columbia; Georgios Theocharidis and Brandon Sumpio of Beth Israel Deaconess Medical Center; Won Bae Han of Korea University and the Georgia Institute of Technology; Tae-Min Jang of Korea University; and Suk-Won Hwang of Korea University and the Korea Institute of Science and Technology.

This work was done with support from the Defense Advanced Research Projects Agency under grant D20AC00004 and from the Center for Advanced Self-Powered Systems of Integrated Sensors and Technologies at NC State, which is funded by National Science Foundation grant 1160483. Bandodkar and Kaveti are inventors on a patent application related to this work.
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Do smells prime our gut to fight off infection? | ScienceDaily
Many organisms react to the smell of deadly pathogens by reflexively avoiding them. But a recent study from the University of California, Berkeley, shows that the nematode C. elegans also reacts to the odor of pathogenic bacteria by preparing its intestinal cells to withstand a potential onslaught.


						
As with humans, nematodes' guts are a common target of disease-causing bacteria. The nematode reacts by destroying iron-containing organelles called mitochondria, which produce a cell's energy, to protect this critical element from iron-stealing bacteria. Iron is a key catalyst in many enzymatic reactions in cells -- in particular, the generation of the body's energy currency, ATP (adenosine triphophate).

The presence in C. elegans of this protective response to odors produced by microbes suggests that the intestinal cells of other organisms, including mammals, may also retain the ability to respond protectively to the smell of pathogens, said the study's senior author, Andrew Dillin, UC Berkeley professor of molecular and cell biology and a Howard Hughes Medical Institute (HHMI) investigator.

"Is there actually a smell coming off of pathogens that we can pick up on and help us fight off an infection?" he said. "We've been trying to show this in mice. If we can actually figure out that humans smell a pathogen and subsequently protect themselves, you can envision down the road something like a pathogen-protecting perfume."

So far, however, there's only evidence of this response in C. elegans. Nevertheless, the new finding is a surprise, considering that the nematode is one of the most thoroughly studied organisms in the laboratory. Biologists have counted and tracked every cell in the organism from embryo to death.

"The novelty is that C. elegans is getting ready for a pathogen before it even meets the pathogen," said Julian Dishart, who recently received his UC Berkeley Ph.D. and is the first author of the study. "There's also evidence that there's probably a lot more going on in addition to this mitochondrial response, that there might be more of a generalized immune response just by smelling bacterial odors. Because olfaction is conserved in animals, in terms of regulating physiology and metabolism, I think it's totally possible that smell is doing something similar in mammals as it's doing in C. elegans."

The work was published June 21 in the journal Science Advances.




Mitochondria communicate with one another

Dillin is a pioneer in studying how stress in the nervous system triggers protective responses in cells -- in particular, the activation of a suite of genes that stabilize proteins made in the endoplasmic reticulum. This activation, the so-called unfolded protein response (UPR), is "like a first aid kit for the mitochondria," he said.

Mitochondria are not only the powerhouses of the cell, burning nutrients for energy, but also play a key role in signaling, cell death and growth.

Dillin has shown that errors in the UPR network can lead to disease and aging, and that mitochondrial stress in one cell is communicated to the mitochondria of cells throughout the body.

One key piece of the puzzle was missing, however. If the nervous system can communicate stress through a network of neurons to the cells doing the day-to-day work of protein building and metabolism, what in the environment triggers the nervous system?

"Our nervous system evolved to pick up on cues from the environment and create homeostasis for the entire organism," Dillin said. "Julian actually figured out that smell neurons are picking up environmental cues and which types of odorants from the pathogens turn on this response."

Previous work in Dillin's lab showed the importance of smell in mammalian metabolism. When mice are deprived of smell, he found, they gained less weight while eating the same amount of food as normal mice. Dillin and Dishart suspect that the smell of food may trigger a protective response, like the response to pathogens, in order to prepare the gut for the damaging effects of ingesting foreign substances and converting that food to fuel.




"Surviving infections was the most important thing we did evolutionarily," Dillin said. "And the most risky and taxing thing we do every single day is eat, because pathogens are going to be in our food."

"When you eat food, it's also incredibly stressful, because the body is metabolizing the food but also generating ATP in the mitochondria from the nutrients that they're incorporating. And that generation of ATP causes a by-product called reactive oxygen species, which is very damaging to cells," Dishart said. "Cells have to deal with this increased existence of reactive oxygen species. So perhaps smelling food can prepare us to deal with that enhanced reactive oxygen species load."

Dillin speculates further that mitochondria's sensitivity to the smell of pathogenic bacteria may be a holdover from an era when mitochondria were free-living bacteria, before they were incorporated into other cells as power plants to become eukaryotes some 2 billion years ago. Eukaryotes eventually evolved into multicellular organisms with differentiated organs -- so-called metazoans, like animals and humans.

"There's a lot of evidence that bacteria sense their environment in some way, though it's not always clear how they do it. These mitochondria have retained one aspect of that after being subsumed into metazoans," he said.

In his experiments with C. elegans, Dishart found that the smell of pathogens triggers an inhibitory response, which unleashes a signal to the rest of the body. This became clear when he ablated olfactory neurons in the worm and found that all peripheral cells, but primarily intestinal cells, showed the stress response typical of mitochondria that are being threatened. This study and others also showed that serotonin is a key neurotransmitter communicating this information throughout the body.

Dillin and his lab colleagues are tracking the neural circuits that lead from smell neurons to peripheral cells and the neurotransmitters involved along the way. And he's looking for a similar response in mice.

"I always hate it when I get sick. I'm like, 'Body, why didn't you prepare for this better?' It seems really stupid that you turn on response mechanisms only once you're infected," Dillin said. "If there are earlier detection mechanisms to increase our chances of survival, I think that's a huge evolutionary win. And if we could harness that biomedically, that would be pretty wild."

Other UC Berkeley authors of the paper are Corinne Pender, Koning Shen, Hanlin Zhang, Megan Ly and Madison Webb. The work is supported by HHMI and the National Institutes of Health (R01ES021667, F32AG065381, K99AG071935).




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240807225519.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Type 2 diabetes can be prevented by diet and exercise even in individuals with a high genetic risk | ScienceDaily
A new study from the University of Eastern Finland is the first in the world to show that a healthy diet and regular exercise reduce the risk of type 2 diabetes even in individuals with a high genetic risk. In other words, everyone benefits from lifestyle changes, regardless of genetic risk.


						
Type 2 diabetes is a global problem. According to the International Diabetes Federation, IDF, one in eleven adults worldwide has diabetes, with type 2 diabetes accounting for 90 per cent of the cases. To date, researchers have identified more than 500 genetic variants that predispose individuals to type 2 diabetes, but lifestyle factors, too, affect the risk of developing the disease. Significant lifestyle-related risk factors include overweight, low intake of dietary fibre, high intake of saturated fats, and lack of exercise. Previous studies have shown that type 2 diabetes can be effectively prevented by lifestyle changes, but it has not been explored whether the disease can be prevented even in individuals carrying numerous genetic variants that predispose them to type 2 diabetes.

The T2D-GENE Trial was a three-year lifestyle intervention that involved nearly 1,000 men aged 50 to 75 in eastern Finland. All those invited to the study had elevated fasting glucose at baseline. The lifestyle intervention group included more than 600 men, and the rest served as a control group. Men in the intervention group received guidance on health-promoting lifestyles in group meetings, and they were supported by a web portal designed for the study. Those invited to the study belonged either to the lowest or the highest tertile in terms of genetic risk, i.e., they had either a high or a low risk of developing type 2 diabetes. Genetic risk was determined based on 76 gene variants known to predispose to type 2 diabetes. During the intervention, neither the study participants nor the researchers knew to which genetic risk group the participants belonged. All those who participated in the intervention received the same lifestyle guidance.

Men participating in the lifestyle intervention were able to significantly improve the quality of their diet. They increased their intake of dietary fibre, improved the quality of fats in their diet and increased their consumption of vegetables, fruits and berries. Weight loss was also observed, although this was not an actual weight loss study. The participants were physically very active already at baseline, and they managed to maintain their good exercise habits throughout the study. With these changes, it was possible to reduce the deterioration of glucose metabolism. The prevalence of type 2 diabetes was significantly lower in the lifestyle intervention group than in the control group. The effects of lifestyle changes were equally significant for individuals regardless of whether they had a low or a high genetic risk.

"These findings encourage everyone to make lifestyle changes that promote health. Furthermore, they demonstrate the effectiveness of group- and internet-based lifestyle guidance, which saves healthcare resources," says University Lecturer, Docent Maria Lankinen of the University of Eastern Finland, the first author of the study.
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Pesticide contamination is more than apple skin deep | ScienceDaily
Pesticides and herbicides are critical to ensuring food security worldwide, but these substances can present a safety risk to people who unwittingly ingest them. Protecting human health, therefore, demands sensitive analytical methods to identify even trace levels of potentially harmful substances. Now, researchers reporting in ACS' Nano Letters have developed a high-tech imaging method to detect pesticide contamination at low levels, and its application on fruits reveals that current food safety practices may be insufficient.


						
The analytical method called surface-enhanced Raman spectroscopy (SERS) is gaining popularity as a nondestructive method for detecting chemicals from modern farming on produce. With SERS, metal nanoparticles or nanosheets are used to amplify the signals created by molecules when they are exposed to a Raman laser beam. The patterns created by the metal-enhanced scattered light serve as molecular signatures and can be used to identify small amounts of specific compounds. Looking to improve SERS sensitivity for pesticide detection, Dongdong Ye, Ke Zheng, Shaobo Han and colleagues designed a metal-coated membrane they could lay atop farm-grown produce. They also wanted to develop the material to be versatile enough to accommodate an array of other applications.

The researchers started with a cellulose hydrogel film, which they stretched to form aligned nanoscale wrinkles along its surface. They then immersed the film in a solution of silver nitrate to coat the grooves with SERS-enhancing silver nanoparticles. The resulting membrane was highly flexible and practically transparent in visible light, essential features for SERS signal detection.

In tests of the silver-embedded membrane for food safety applications, the researchers sprayed the pesticides thiram and carbendazim, alone or together, onto apples, air-dried the fruits and then washed them to mimic everyday practices. When they laid their membrane over the apples, SERS detected pesticides on the apples, even though the chemicals were present at low concentrations. The team was also able to clearly resolve scattered-light signatures for each pesticide on apples sprayed with both thiram and carbendazim, as well as detect pesticide contamination through the fruit's peel and into the outermost layer of pulp.

These results suggest that washing alone could be insufficient to prevent pesticide ingestion and that peeling would be required to remove potential contamination in the skin and outer pulp, the researchers say. Beyond apples, they also used the SERS membrane system to detect pesticides on cucumbers, shrimp, chili powder and rice.
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Blood test can help predict chronic lung disease in preterm babies | ScienceDaily
A blood test can help predict which preterm babies will go onto develop chronic lung disease, allowing for earlier diagnosis and more targeted treatments, according to a new study.


						
The research, led by Murdoch Children's Research Institute (MCRI) and published in the American Journal of Respiratory Cell and Molecular Biologyfound that changes in certain blood proteins, alongside gestational age, birth weight and sex, strongly predicated bronchopulmonary dysplasia (BPD) within 72 hours of life.

BPD usually occurs when a baby's lungs are damaged by respiratory support and the long-term use of oxygen. The disease affects 65 per cent of preterm infants and results in lifelong chronic lung disease and neurodevelopmental disabilities.

The study, which examined 493 blood proteins, involved 23 babies born before 29 weeks' gestation at the Royal Women's Hospital. Changes found in 49 of these proteins were detected in babies who later developed BPD. Some differences were noticeable within four hours of a baby being born.

MCRI's Dr Prue Pereira-Fantini said the study provided a comprehensive map of what occurred in babies with BPD and gave valuable insight about key biological changes in the first few days of life.

"Our ability to predict, prevent and treat BPD is limited," she said. The tool currently used for early prediction of BPD severity currently fails to look at the disease pathology.

"A BPD diagnosis is usually made at 36 weeks post-menstrual age, which limits potential treatments that can minimise lung injury and improve respiratory outcomes. Our team was able to identify certain proteins in the blood, which when combined with other key birth measures, may predict BPD as early as four hours post-birth."

MCRI Professor David Tingay said the ability to more accurately predict BPD within the first days of life may allow for earlier diagnosis, more targeted treatments and better-informed counselling for families.




"Changes in BPD rates can be achieved if appropriate lung protective interventions are provided at the right time," he said. We can better tailor the care of these babies when we know how likely they are to experience lung damage and other complications."

The team are now looking to create a lung injury assessment tool that could be used to assess all preterm babies admitted to a Neonatal Intensive Care Unit (NICU) or special care nursery for risk of BPD.

"The tool, including a blood test, would provide clinicians with the ability to guide respiratory decisions from birth, giving these babies more chances towards a healthy life," Dr Pereira-Fantini said.

"Early intervention is likely to be more effective at preventing or minimising the severity of BPD and its long-term health and medical effects."

Simantha Nation's son Atticus was born at 26 weeks gestation, weighing just 807 grams. Born very preterm, Atticus struggled to breathe from his first gasp for air.

Atticus was rushed to the NICU, where he was intubated and connected to a ventilator.




The first time Simantha laid eyes on him, he was covered in tubes and wires.

"It was devastating to see that Atticus couldn't breathe on his own," she said. Watching your tiny baby battle severe, chronic lung disease was heartbreaking.

"As the weeks in the NICU turned into months his condition wasn't improving. He was reliant on a specialised ventilator to keep him alive."

When Atticus reached five months, Simantha thought her son would lose his battle with lung disease.

"His health took a dire turn and his condition became critical," she said. We were told by staff to say our goodbyes in case he didn't make it through the night. I can't tell you how hard it was, holding him for hours and not being sure if it was the last time."

But Simantha said in the following days Atticus continued to get better, little by little. After 263 days in the NICU she was finally able to take him home.

"Atticus was tied to a machine for almost his entire hospital stay," she said. He still has a tracheostomy to help him breathe through his throat instead of the nose and mouth. Due to this he is is learning AUSLAN to communicate.

"But Atticus is thriving at home and reaching key developmental milestones. His progress has been incredible, he has come so far."

Simantha said the latest MCRI lung disease research was a remarkable discovery.

"Any research that can help babies breathe, or understand their risks sooner, would be incredible and something all parents and carers of preterm babies can take comfort in," she said.

Researchers from the University of Melbourne, the Royal Women's Hospital and The Florey Institute of Neuroscience and Mental Health also contributed to the findings.
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Walking the walk, scientists develop motion-compatible brain scanner | ScienceDaily
An upright neuroimaging device developed by West Virginia University neuroscientists, physicists and engineers that allows patients to move around while undergoing a brain scan could help set priorities for the evolution of imaging tools.


						
Researchers tested their prototype in a real world setting to assess its accuracy and determine needs for improvement. The prototype is being designed to address issues with traditional Positron Emission Tomography -- PET -- scanners which require patients to lie still for imaging.

"A lot of PET imaging is being done for research or diagnostics with patients with diseases that cause involuntary or uncontrollable movement such as Parkinson's. This makes it difficult or impossible to test these patients when their symptoms become too severe, since regular brain imagers require staying very still. Also, if you want to study human behaviors like walking, anxiety-provoking tasks or even addiction, this device could provide a way to image," said Julie Brefczynski-Lewis, research assistant professor in the Department of Neuroscience at the WVU School of Medicine and the Rockefeller Neuroscience Institute.

"It's also helpful with imaging for patients with cognitive issues like dementia because they have trouble staying still and even understanding the instruction they need to stay still, so they usually have to be anesthetized. If we want to image their brain while they're awake and alert, this would be a way to do that as well."

The scanner is an upgrade of an earlier prototype Brefczynski-Lewis and her team developed with funding from West Virginia Clinical and Translational Science Institute.

While both versions are helmets, the first was heavier and only allowed slight movement of the head from side to side. The new one, called an Ambulatory Motion-enabling PET, or AMPET, is lighter weight and fits the head much like hard hats construction workers wear. A balanced support is at the top.

"What we like about the AMPET is that it moves with the head, and you can be in a real environment where you're immersed and walk with it on," she said. "What we demonstrated in the study is that when the patients walk, it's not moving relative to the head and that's what allowed us to get a relatively clean image. We also wanted to see what should be improved by us or other laboratories that are making these devices."

The study, conducted by Brefczynski-Lewis and colleagues from the School of Medicine, was published in the journal Nature Communications Medicine.




"The purpose of this study was, we have this new technology and we can model it on a computer until the cows come home. But until you work with actual patients, you don't know how it's really going work in the real world," she said.

To test the prototype, the team enlisted volunteer outpatients who were scheduled for other scans and were already receiving medications used for imaging. Participants fitted with the helmet walked in place while researchers watched for motion tolerance and assessed neural activity in motor-related brain regions.

"We observed brain activity in the parts of the brain that control leg movements when the patients walked, which was what we had hoped to see," Brefczynski-Lewis said.

Their findings were further confirmed by observing one patient who had a prosthetic leg from hip to foot. His brain activity displayed predominantly in the area that represented the natural leg.

"That was almost a separate test in itself that we didn't expect," she said.

To enhance the prototype, researchers want to add a motion tracking system as well as make the helmet bigger so that it could image a larger area of the brain.




"Motion tracking is already made for other technologies, so all we have to do is apply it to our device," Brefczynski-Lewis said. "That will help because sometimes we miss the area of the brain we want to see."

In addition to performing imaging for patients who aren't able to stay still, Brefczynski-Lewis said the AMPET can be useful to neuroscientists researching human behaviors and activities with natural movement such as gestures, conversation and balance.

"In order to study balance, people have been in MRIs lying down and imagining themselves balancing, which isn't the same as actually balancing, or they have a surface imager that doesn't capture the deep brain structures," she explained. "You can see some parts of the brain, but not the deep core parts of the brain that are usually more involved with things like movement, balance, emotion, memory, fear and joy."

In the future, Brefczynski-Lewis and her team envision the AMPET being used to monitor brain activity and provide treatment for people with PTSD, study mindfulness meditation and integrate with virtual reality technologies.

"To be able to image the brain in motion, we're showing that there's a whole new field that could open up because of our device," she said. "We can extend our neuroimaging research into human behaviors that are natural -- how we interact with the world and how we interact with others.

Collaborating on the study with Brefczynski-Lewis were students Nanda K. Siva of Parkersburg and Colson Glover of Lewisburg; Kaylee Nott of Point Pleasant, West Virginia IDeA Network of Biomedical Research Excellence summer intern; Alexander Stolin, Gary Marano, Benjamin Parker, MaryBeth Mandich and James W. Lewis, WVU School of Medicine; Christopher Bauer, Sonia Chandi, Si Gao and Helen Melnick, University alumni; Stan Majewski, former WVU researcher; and Jinyi Qi.
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Processing traumatic memories during sleep leads to changes in the brain associated with improvement in PTSD symptoms | ScienceDaily
Currently, the first-choice treatment for PTSD is exposure-based psychotherapy, where therapists help rewire the emotions associated with the traumatic memory in the patient's brain, shifting from fear and arousal to a more neutral response. However, up to 50% of patients fail to respond well to this treatment. In a new study published on August 7 in the Cell Press journal Current Biology, scientists showed for the first time that reactivating therapeutically-altered memories during sleep leads to more brain activity related to memory processing, which is associated with a reduction in PTSD symptoms.


						
"Our goal is to unlock sleep as a new treatment window for PTSD," says Hein van Marle, one of the paper's senior authors and the study's principal investigator at Amsterdam University Medical Center. "This is the first proof of concept for potentially enhancing daytime treatment effects during sleep."

PTSD is a mental health disorder that can occur after experiencing or witnessing a traumatic event. People with PTSD may experience flashbacks, nightmares, heightened vigilance, hyperarousal, and mood and sleep problems. Currently available treatments for PTSD include eye movement desensitization and reprocessing (EMDR), where therapists guide patients through their traumatic memories while using a moving light or clicking sounds to distract them.

EMDR has shown positive results, but Van Marle says that success is low and dropping out from the treatment program is common among patients because revisiting traumatic memories is emotionally demanding.

So Van Marle and his collaborators, including first author Christa van der Heijden at Amsterdam University Medical Center and Lucia Talamini at the University of Amsterdam, set out to investigate how to boost the effect of EMDR treatment and make it long-lasting.

Sleep provides a unique opportunity to enhance the memory of newly formed emotional reactions to traumatic events. During sleep, the brain focuses on consolidating memories and storing information for the long term.

Previous research has shown that if someone forms a new memory in the presence of an experimentally administered sound or scent, exposing them to the sound or scent while they sleep can improve their ability to recall that memory after waking up. This memory-enhancement technique is called targeted memory reactivation (TMR).




During Van Marle's experiment, the team first performed an EMDR session with a standard clicking sound in the background for 33 PTSD patients in the evening. At night, the researchers recorded these patients' brain waves while they slept in the laboratory. For 17 of the patients, the team conducted TMR by playing the clicking sound used during the earlier EMDR session again when they were asleep, aiming to boost the storage of the EMDR treatment memory and alleviate PTSD symptoms.

They found that patients who received the sound during sleep showed higher levels of brain wave activities associated with memory processing and consolidation compared with participants who received no clicking sounds during sleep.

Within the TMR group, these induced changes in brain wave activity were associated with greater reductions in PTSD symptoms. In addition, the team found that patients who received TMR were less inclined to avoid their traumatic memory -- a key symptom of PTSD -- when they listened to an audio clip retelling the traumatic event.

However, the researchers did not see an improvement in PTSD symptoms among patients who received TMR compared with those who received only EMDR.

"During the night of TMR stimulation, we saw that presenting the EMDR clicks effectively enhanced the sleep physiology responsible for memory consolidation, with more enhancement leading to more significant reductions in symptoms. But the stimulation during our experiment wasn't enough to produce differences in most clinical outcomes, partly because the EMDR session was already quite effective," Van Marle says.

In a follow-up experiment slated to begin this fall, the team plans to administer TMR treatment to patients for five consecutive nights. Researchers are interested to see if repeated TMR will have a greater effect in reducing PTSD symptoms.

"The sleep and memory field has been wary to apply TMR in PTSD patients. We are really happy to see that TMR has no negative effects on these patients," Van Marle says. None of the patients reported more nightmares or worsened sleep after TMR. "This gives us more confidence in applying it more frequently in our future work," he says.

Many psychiatric disorders, such as phobias, anxiety disorders, and addiction, are also related to maladaptive memories. Van Marle hopes this work can inspire future research to explore the beneficial effects of TMR in treating other conditions.
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Most existing heat wave indices fail to capture heat wave severity | ScienceDaily
Even though climate change is bringing more frequent and severe heat waves, there is no standard, global way to measure heat-wave severity, and existing indices have different thresholds for defining dangerous heat-stress conditions. Researchers report August 7 in the journal Nexus that five out of six existing heat-wave indices were unable to capture the severity and spatial distribution of recent lethal heat waves in India, Spain, and the USA. The sixth index -- the lethal heat-stress index -- was better able to identify dangerous heat-stress conditions, particularly in low-humidity regions.


						
"We found that some existing indices may not be appropriate to all geographical regions and climate conditions," says senior author and geospatial expert Qihao Weng (@Qihao_Weng) of the Hong Kong Polytechnic University. "It's important that scientific communities, public health circles, and policy makers come together and reconsider the existing indices."

Currently, countries around the world have different ways of measuring and defining heat waves, but it's not clear which of these methods is most effective or how their performance is impacted by background climatic conditions. Some of these metrics are based purely on the maximum air temperature while others include factors such as radiation, wind, and, crucially, humidity.

"Even in relatively low-temperature conditions, if the humidity is high, it can still be dangerous for people with health problems," says Weng. "In humid conditions, even 28degC, wet-bulb conditions can lead to severe strain and heat stroke."

To compare the effectiveness of existing heat-wave indices under different conditions, the researchers applied six existing indices to climate data from heat waves that occurred in Spain and the United States in 2022 and in India in 2023. In all cases, they found that one method -- the lethal heat-stress index -- outperformed the others. Compared to the other indices, the lethal heat-stress index could differentiate between areas that were or were not impacted by extreme heat stress and could pinpoint on which days these dangerous heat conditions occurred.

The lethal heat-stress index is a temperature- and humidity-based metric for identifying conditions that are likely to lead to human death (in contrast to other indices that use endpoints such as "extreme danger" and "heat stroke imminent"). Though most of the other indices also include humidity in their calculations in some way, the way that they do this differs.

"The lethal heat stress index applies a correction factor to relative humidity, which means that it is better at predicting dangerous heat conditions in regions which have very low humid conditions compared to the other indices," says first author Pir Mohammad, an earth scientist at Hong Kong Polytechnic University.




The researchers emphasize that heat waves are experienced differently by different people, even within the same region, because of factors including age, pre-existing health conditions, and socioeconomic status, which is associated with access to adequate cooling and the privilege of not working outdoors during hot conditions.

Though they identified the lethal heat-stress index as the best current option, the researchers say that this index could still be improved with more research. They also note that while their study focuses on outdoor air temperatures, more heat-related mortalities occur indoors than outdoors, and future research should also address indoor conditions during heat waves and examine how they are impacted by things such as building age and materials.

Ultimately, they hope their findings will help scientists develop a universal definition of the threshold for dangerous heat conditions.

"We need to deploy a global framework that considers temperature, humidity, and other factors like socioeconomic status and age so that we can mitigate dangerous heat-wave conditions," says Mohammad. "The UK government recently redefined their limiting criteria for heat waves, and it might be a good time for other countries to also think about how we can define heat waves more effectively."

This research was supported by the Hong Kong SAR Government, the Research Talent Hub of the Innovation and Technology Fund of Hong Kong, and the Hong Kong Polytechnic University.
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Nasal microbiome: Depriving multi-resistant 'bugs' of iron | ScienceDaily
A research team led by Simon Heilbronner, Professor of Microbiology at LMU's Biocenter, has investigated how various bacteria that colonize the nasal cavity deal with the lack of iron there and interact with each other. The study was recently published in The ISME Journal, and the results show that the composition of the microbiome influences how well multi-resistant staphylococci can thrive in the nose. This opens avenues for the targeted suppression of potentially dangerous germs via nasal probiotics, without the need for antibiotics.


						
We share our body with countless microorganisms. They inhabit our gut, our skin, and body orifices such as our mouth and nose. The composition of this microbiome has a major influence on our health. While certain germs can be useful, others harm us. Staphylococcus aureus falls into the latter category: "Antibiotic-resistant staphylococci can hide unnoticed in the microbiome of healthy people," explains Simon Heilbronner. This is the case for one third of all humans. As long as the bacteria stay in the nose, we do not notice them. But if they reach our blood stream -- after surgery, for example -- they can cause serious illnesses. These infections are acutely life-threatening, and the bacteria are developing resistance even to antibiotics of last resort. Multi-resistant hospital bugs are increasingly problematic and develop into a global health crisis. Ensuring that dangerous pathogens are not living in a patient's nose prior to admission to hospital can save lives.

Nasal habitat

The reason why Staphylococcus aureus occurs in some noses and not others has remained largely obscure. "We know surprisingly little about the factors that determine whether a person can be inhabited by S. aureus," says Heilbronner. The genetics of the host and environmental conditions have only a moderate influence. "By contrast, it's becoming increasingly clear that the presence of certain other bacteria can help or hinder the growth of the pathogen." Because of the lack of research into the microbial ecosystem of the nose in general, scientists still know far too little to sufficiently understand the underlying mechanisms.

For the new study, Heilbronner and his colleagues investigated 94 strains from 11 bacteria genera that occur in the human nose. Their focus was on a very specific characteristic of the microbes. "There is an acute shortage of iron in the nose," says Heilbronner. By limiting this essential nutrient, the human immune system protects itself against unwanted guests. And so, bacteria that want to survive in the nose need a strategy: They produce so-called siderophores -- iron-binding molecules which they release into their environment. "You can picture them as molecular nets which the bacteria cast out to catch iron," suggests the infectious disease biologist. As soon as the siderophores have enriched themselves with the coveted trace element, they are reabsorbed -- albeit not always by the same bacterium that produced them.

The battle for iron

As the researchers discovered, our noses are the site of a complex network of iron-related trading alliances and hostile raids. They identified various forms of interactions between the bacteria they studied. Some of the microorganisms share their siderophores, and the iron bound to them, with S. aureus. One can say, they cooperate with the pathogen to the mutual benefit of both. In contrast, the behavior of other bacteria is less social. There are species that help themselves to the siderophores of S. aureus, but use molecule encryption to protect their own siderophores against usage by the pathogen. The authors refer to this strategy as "locking away" iron. And there are the pirates among the nasal bugs, which do not produce any siderophores of their own -- because they are costly to make -- but exclusively plunder external sources produced by others. Many of these "raiders" are specialized in the siderophores of the pathogen.

Heilbronner and his team were able to demonstrate that the growth of S. aureus is inhibited if there are bacteria in the environment that plunder its siderophores without giving anything back in return. "In this work, we identified several strains of various species and genera that interact with S. aureus in different ways," observes Heilbronner. "The results indicate that neighboring bacteria can create a hostile environment for staphylococci by stealing the pathogen's iron." This paves the way for the development of nasal probiotics for suppressing multi-resistant staphylococci in the nose. The siderophore pirates could thus become privateers in the service of medicine, tasked with plundering the iron of S. aureus in order to arrest its spread.
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Drug bypasses suppressive immune cells to unleash immunotherapy | ScienceDaily
By recruiting the immune system to combat tumor cells, immunotherapy has improved survival rates, offering hope to millions of cancer patients. However, only about one in five people responds favorably to these treatments.


						
With a goal of understanding and addressing immunotherapy's limitations, researchers at Washington University School of Medicine in St Louis have found that the immune system can be its own worst enemy in the fight against cancer. In a new study in mice, a subset of immune cells -- type 1 regulatory T cells, or Tr1 cells -- did its normal job of preventing the immune system from overreacting but did so while inadvertently restraining immunotherapy's cancer-fighting power.

"Tr1 cells were found to be a heretofore unrecognized obstacle to immunotherapy's effectiveness against cancer," said senior author Robert D. Schreiber, PhD, the Andrew M. and Jane M. Bursky Distinguished Professor in the Department of Pathology & Immunology, and director of the Bursky Center for Human Immunology & Immunotherapy at Washington University School of Medicine. "By removing or circumventing that barrier in mice, we successfully reenergized the immune system's cancer-fighting cells and uncovered an opportunity to expand the benefits of immunotherapy for more cancer patients."

The study is available in Nature.

Cancer vaccines represent a new approach to personalize cancer immunotherapy. Aimed at the mutant proteins specific to a patient's tumor, such vaccines induce killer T cells to attack tumor cells while leaving healthy cells unharmed. Schreiber's group previously showed that more effective vaccines also activate helper T cells, another immune cell type, that recruit and expand additional killer T cells to destroy the tumors. But when they tried to add increased amounts of the helper T cell target to supercharge the vaccine they found they generated a different type of T cell that inhibited rather than promoted tumor rejection.

"We tested the hypothesis that by increasing helper T cell activation we would induce enhanced elimination of the sarcoma tumors in mice," said first author Hussein Sultan, PhD, an instructor in pathology & immunology. So he injected groups of tumor bearing mice with vaccines that activated killer T cells equally while triggering a different degree of helper T cell activation.

Much to the researchers' surprise in this latest study, the vaccine meant to hyperactivate helper T cells produced the opposite effect and inhibited tumor rejection.




"We thought that more helper T cell activation would optimize elimination of the sarcoma tumors in mice," Sultan said. "Instead, we found that vaccines containing high doses of helper T cell targets induced inhibitory Tr1 cells that completely blocked tumor elimination. We know that Tr1 cells normally control an overactive immune system, but this is the first time they have been shown to dampen its fight against cancer."

Tr1 cells normally put the brakes on the immune system to prevent it from attacking the body's healthy cells. But their role in cancer has not been seriously explored. Looking through previously published data, the researchers found that tumors from patients who had responded poorly to immunotherapy had more Tr1 cells compared with tumors of patients who had responded well. The number of Tr1 cells also increased in mice as tumors grew bigger, rendering the mice insensitive to immunotherapy.

To bypass the inhibiting cells, the researchers treated the vaccinated mice with a drug that enhances killer T cells' fighting power. The drug, developed by biotechnology startup Asher Biotherapeutics, carries modifications in the immune-boosting protein called interleukin 2 (IL-2) that specifically revs up killer T cells and reduces the toxicity of unmodified IL-2 treatments. The additional boost from the drug overcame Tr1 cells' inhibition and rendered the immunotherapy more effective.

"We are committed to personalizing immunotherapy and broadening its effectiveness," said Schreiber. "Decades of researching basic tumor immunology have expanded our understanding of how to trigger the immune system to achieve the most robust antitumor response. This new study adds to our understanding of how to improve immunotherapy to benefit more people."

As co-founder of Asher Biotherapeutics -- which provided the mouse version of the modified IL-2 drugs -- Schreiber is indirectly involved in the company's clinical trials testing the human version of the drug as a monotherapy in cancer patients. If successful, the drug has the potential to be tested in combination with cancer treatment vaccines.
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Dozing at the wheel? Not with these fatigue-detecting earbuds | ScienceDaily
Everyone gets sleepy at work from time to time, especially after a big lunch. But for people whose jobs involve driving or working with heavy machinery, drowsiness can be extremely dangerous -- if not outright deadly. Drowsy driving contributes to hundreds of fatal vehicle accidents in the U.S. each year, and the National Safety Council has cited drowsiness as a critical hazard in construction and mining.


						
To help protect drivers and machine operators from the dangers of drifting off, engineers at the University of California, Berkeley, have created prototype earbuds that can detect the signs of drowsiness in the brain.

The earbuds detect brain waves in the same way as an electroencephalogram (EEG), a test that doctors use to measure electrical activity in the brain. While most EEGs detect brain waves using a series of electrodes attached to the head, the earbuds do so using built-in electrodes that are designed to make contact with the ear canal.

The electrical signals detected by the ear buds are smaller than those picked up by a traditional EEG. However, in a new study, the researchers show that their Ear EEG platform is sensitive enough to detect alpha waves, a pattern of brain activity that increases when you close your eyes or start to fall asleep.

"I was inspired when I bought my first pair of Apple's AirPods in 2017. I immediately thought, 'What an amazing platform for neural recording,'" said study senior author Rikky Muller, an associate professor of electrical engineering and computer sciences at UC Berkeley. "We believe that this technology has many potential uses, and that classifying drowsiness is a good indicator that the technology can be used to classify sleep and even diagnose sleep disorders."

Using an earbud as an EEG electrode poses a variety of practical challenges. In order to obtain an accurate EEG, electrodes need to make good contact with the skin. This is relatively easy to achieve in traditional EEGs, which use flat metal electrodes stuck to the scalp. However, it is much trickier to design an earbud that will fit snugly -- and comfortably -- in a wide variety of ear sizes and shapes.

When Muller's team started working on the project, other groups developing Ear EEG platforms were either using wet electrode gels to ensure a good seal between the earbud and the ear canal, or creating custom-molded earpieces for each individual user. She and her team wanted to design a model that was dry and user generic, so that anyone could stick them in their ears and get reliable readings.




"My personal goal was to try to make a device that could be used every day by someone who would really benefit from it," said Ryan Kaveh, a UC Berkeley postdoctoral scholar and co-first author of the study. "In order to do that, I knew that it would have to be reusable, fit a variety of people, and [be] easy to manufacture."

Kaveh co-led the study with graduate student Carolyn Schwendeman and collaborated with Ana Arias's lab at UC Berkeley to design the final earpiece in three sizes: small, medium and large. The earpiece incorporates multiple electrodes in a cantilevered design that applies gentle outward pressure to the ear canal and uses flexible electronics to ensure a comfortable fit. The signals are read out through a custom, low-power, wireless electronic interface.

In a 2020 paper, the researchers showed that these earpieces can detect a number of physiological signals, including eye blinks, alpha brain waves and the auditory steady-state response, which is the brain's response to hearing a steady pitch. In the new study, they improved the earpiece design and incorporated machine learning to demonstrate how the earpieces could be used in a real-world application.

As part of the experiment, they asked nine volunteers to wear the earpieces while doing a series of boring tasks in a darkened room. Every so often, the volunteers were asked to rate their level of drowsiness, and their response times were measured.

"We found that even when the signal quality from the earpieces seemed worse, we could still classify the onset of drowsiness with the same level of accuracy as much more complicated, bulky systems," Kaveh said. The earpieces also retain their accuracy when categorizing drowsiness in brand-new users, a characteristic of devices that could work 'out of the box'.

Muller, who developed the Ear EEG with the support of the Bakar Fellowship and the Bakar Prize, is continuing to refine the design and explore other potential applications of the device, which can also record signals beyond EEG, such as heart beats, eye movements and jaw clenches.

"Wireless earbuds are something we already wear all the time," Muller said. "That's what makes Ear EEG such a compelling approach to wearables. It doesn't require anything extra."

This study was supported in part by the Ford University Research Program and a Bakar Spark Award.
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Lonely people tend to have more nightmares, new research shows | ScienceDaily
People who are lonely are more apt to have bad dreams, according to a collaboration that included an Oregon State University scientist.


						
The findings are important because both loneliness and sleep disorders are serious public health issues, said OSU's Colin Hesse. They are connected to increased risk of heart disease, stroke and premature death.

In a paper published in the Journal of Psychology, Hesse and researchers at the University of Arizona, the University of Tampa and Whitworth University note that stress is part of the link between loneliness and both nightmare frequency and intensity.

Other factors tying loneliness to nightmares appear to be rumination -- worry and anxiety -- and hyperarousal, described as the state of being extra alert and focused. Like stress, rumination and hyperarousal are mind states associated with loneliness.

In addition to shedding light on a potential adverse effect of too little human connection, the findings of the study led by Kory Floyd of the University Arizona are in line with the evolutionary theory of loneliness, which posits that a sense of belonging is essential to human survival.

"Interpersonal relationships are very much a core human need," said Hesse, director of the School of Communication in OSU's College of Liberal Arts. "When people's need for strong relationships goes unmet, they suffer physically, mentally and socially. Just like hunger or fatigue means you haven't gotten enough calories or sleep, loneliness has evolved to alert individuals when their needs for interpersonal connection are going unfulfilled."

Loneliness is a pervasive condition that significantly hinders wellness, the researchers point out, causing suffering in a range of forms including impaired sleep. The experience of nightmares is one way that sleep quality is damaged.




The findings tying loneliness to nightmares -- in a correlative way, rather than a causative one, Hesse stresses -- come from surveys by the authors encompassing more than 1,600 adults in the United States, ranging in age from 18 to 81.

The results also offer an explanation for nightmares that's rooted in evolution -- humans evolved to experience stress, rumination and extra alertness when lonely -- rather than environmental factors, such as having experienced some type of trauma.

"It's too early to talk about specific interventions in a concrete sort of way," Hesse said, "but our findings are certainly consistent with the possibility that treating loneliness would help lessen someone's nightmare experiences. That's a possibility to address in controlled, clinical studies."

According to the Sleep Foundation, an estimated 50 million to 70 million Americans have some type of sleep disorder.

"Quality restorative sleep is a linchpin for cognitive functioning, mood regulation, metabolism and many other aspects of well-being," Hesse said. "That's why it's so critical to investigate the psychological states that disrupt sleep, loneliness being key among them."

The U.S. surgeon general's office reports that even before COVID-19, about half of American adults reported measurable levels of loneliness, and that lacking connection is on par with smoking for raising the risk of premature death.

Statistics from the Surgeon General's Advisory on Our Epidemic of Loneliness and Isolation include:
    	A 29% increased risk of heart disease.
    	A 32% increased risk of stroke.
    	A 50% increased risk of developing dementia for older adults.
    	A greater than 60% chance of premature death.

In addition, people who often feel lonely are more than twice as likely to develop depression than those who rarely or never feel lonely.

The Flora Family Fund at Whitworth University supported the research into loneliness' connection with nightmares.
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Genetic 'episignatures' guide researchers in identifying causes of unsolved epileptic neurological disorders | ScienceDaily
To effectively treat a disease or disorder, doctors must first know the root cause. Such is the case for developmental and epileptic encephalopathies (DEEs), whose root causes can be hugely complex and heterogeneous. Scientists at St. Jude Children's Research Hospital demonstrated the value of DNA methylation patterns for identifying the root cause of DEEs, showing specific gene methylation and genome-wide methylation "episignatures" can help identify the genes that cause DEE. The findings were published today in Nature Communications.


						
DEEs affect 1 in 590 children and involve more than 825 genes. Current testing methods can clinically identify the root cause, or etiology, of approximately 50% of individuals' DEEs, which guides clinicians and families to appropriate care and support. However, the remaining half of all patients remain unsolved.

"About half of the patients with DEE will get a diagnosis, and half of them won't," said co-corresponding author Heather Mefford, MD, PhD, St. Jude Center for Pediatric Neurological Disease Research and Department of Cell & Molecular Biology.

When a child is diagnosed with DEE, linking the encephalopathy to a specific gene can allow the clinician to provide appropriate treatment or control over the symptoms of the disorder. This knowledge is also invaluable to the family.

"The half who do not receive diagnosis not only won't be able to get gene-specific recommendations in their therapy, they won't be able to link with family organizations that can connect them with other families with children that also have mutations in that gene," explained Mefford.

The value of identifying rare genetic links to DEE

Addressing the genetic root causes for DEEs has been a long-term goal for Mefford, who was instrumental in raising the number of diagnosable cases to 50%, up from approximately 5% just a decade ago.




Today, 80% of identifiable DEEs can be explained by 27 genes. To tackle the remaining unsolved cases, the numerous rare occurrences of the disorder must be identified, a challenge that co-first author and St. Jude Graduate School of Biomedical Sciences student Christy LaFlamme embraced.

"One way we can get at the remaining 50% is by exploring what traditional tests don't look at," said LaFlamme. "Current tests don't look at noncoding space that regulates gene expression. A lot of these disorders are due to losing expression of epilepsy genes."

DNA methylation fingerprint offers solution

Mefford is exploring epigenetics, the changes in gene expression that may or may not involve DNA alterations, as a potential solution. One such epigenetic change involves a process vital to gene expression called DNA methylation. This process is akin to a chef leaving notes beside a recipe instructing the reader to skip or repeat a step.

"For some genetic disorders, everyone with a mutation in the same gene has a methylation profile across their genome that puts them in a category with all the others with the same genetic disorder," said Mefford. This methylation landscape is called an "episignature" and is akin to a DEE fingerprint.

While episignatures allowed the researchers to broadly identify DEE-causing variants, taking a closer look at the individual methylation instances, referred to as rare methylation analysis, presented another opportunity. "The underlying cause of the disease ends up manifesting into an episignature that can serve as a marker for that gene," explained LaFlamme. "With rare methylation events, their analysis can point directly to the cause of the disease."

New technologies aid in rare methylation detection




Exploring these rare methylation events across the genome using long-read DNA sequencing pointed the researchers toward DNA regions that are not commonly assessed, offering an answer to the cause of these cases.

This one-two punch allowed the researchers to identify the causative and candidate etiologies of DEEs in 2% of previously unidentified cases. This represents another significant step in identifying rare instances of DEEs and another tool to aid in diagnosing children with DEE.

Mefford is determined to continue chipping away in earnest. Her placement within the St. Jude Pediatric Translational Neuroscience Initiative means the so-called "N of few," the rarer occurrences of neurological disorders like DEE, can continue to be tackled.

"We are still dedicated to trying to solve the remaining cases. We've always leveraged new technologies, such as next-generation sequencing 10 years ago and now methylation analysis and long-read sequencing," said Mefford. "We're always looking for technologies that will give us new information to try and solve those cases."
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Scientists reach consensus for fasting terminology | ScienceDaily
Dr. Eric Ravussin of Pennington Biomedical Research Center in Baton Rouge was one of 38 scientists from five continents to present the first international consensus on fasting terminology and key definitions. Published in Cell Metabolism, the recent study reflects the increasing popularity of diets tied to fasting and a significant increase in scientific studies of fasting. While the application of fasting is rapidly growing, there was previously no globally established terminology.


						
The panel was the first to bring together experimental and clinical experts in medical and religious fasting. Twenty-four terms were defined as panelists collaborated across a live conference and five online surveys. Some of the major terms defined include "fasting," "modified fasting," fluid-only fasting," "alternate-day fasting," "prolonged fasting," and "religious fasting," among others.

"Despite the fact that fasting is being studied extensively around the world, especially in relationship to healthy aging, there was no common definitions of the different approaches to fasting and caloric restriction." said Dr. Ravussin, who is a professor of diabetes and metabolism at Pennington Biomedical. "By defining these terms and setting a standard, we can help steer people away from those unverified diets that mislead participants into unhealthy or even dangerous behaviors. The application of fasting has proven to be beneficial and popular, and as its use grows, we wanted to ensure researchers, dieticians, nutritionists, and fitness instructors are aligned with clear, universal terminology."

Using the Delphi method -- a communication technique to generate a consensus through a series of questionnaires -- the multidisciplinary panel of researchers reach consensus on these terms to better facilitate communication and cross-referencing in the field.

Scientists from around the world who were approached to participate in the panel primarily specialized in dietary approaches to increasing both health and potentially lifespan, as well as impacting the known biomarkers of aging. Dr. Ravussin is a well-known researcher in this field, and his work on the panel began in 2002.

"Dr. Ravussin's contributions to this panel are not only important for the consensus that was reached, but for furthering Pennington Biomedical's reputation as a leading global voice in these industry-wide guidelines that will provide clarity and consistency to researchers around the world," said Pennington Biomedical Executive Director Dr. John Kirwan. "His contribution on the plan furthers our leadership role contributing to the knowledge base and improving health across the lifespan."

Some of the better-known words whose definitions were formally agreed upon through the survey include:
    	Fasting - voluntary abstinence from some or all foods or foods and beverages.
    	Modified fasting -- restriction of energy intake to a maximum 25 percent of energy needs.
    	Fluid-only fasting -- a modified fasting regimen whereby only beverages are consumed for a certain period of time.
    	Alternate-day fasting -- alternating a day of eating ad libitum and a day of water-only fasting.
    	Short-term fasting -- fasting that lasts two to three days.
    	Prolonged fasting -- fasting for greater than or equal to four consecutive days.
    	Religious fasting -- any fasting regime that is undertaken as part of a religious practice.

Intermittent fasting -- repetitive fasting periods lasting equal to or less than 48 hours.




About the Pennington Biomedical Research Center

The Pennington Biomedical Research Center is at the forefront of medical discovery as it relates to understanding the triggers of obesity, diabetes, cardiovascular disease, cancer and dementia. The Center conducts basic, clinical, and population research, and is a campus of the LSU System.

The research enterprise at Pennington Biomedical includes over 530 employees within a network of 44 clinics and research laboratories, and 13 highly specialized core service facilities. Its scientists and physician/scientists are supported by research trainees, lab technicians, nurses, dietitians, and other support personnel.?Pennington Biomedical is a state-of-the-art research facility on a 222-acre campus in Baton Rouge.
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New York City's fireworks display prompts temporary surge of air pollution | ScienceDaily
In 2023, roughly 60,000 firework shells exploded above Manhattan's East River as part of Macy's Fourth of July show. The resulting air pollutant levels were many times higher in the hours after the display than those seen when smoke from a Canadian wildfire had blanketed the area a month before.


						
This is according to the results of a new study, led by researchers at NYU Langone Health, which measured air quality just before and after the Independence Day event, one of the largest in the United States. Tiny particles of hazardous metals and organic compounds peaked at 3,000 micrograms per cubic meter at an air sampling site near the show and topped 1,000 micrograms per cubic meter at two other nearby locations. By comparison, New York City's average daily fine-particle concentration is 15 micrograms per cubic meter and reached 460 micrograms per cubic meter from the wildfire smoke in June 2023.

The team also found that air quality took several hours to return to baseline levels for most sampling sites, with those closest to the display, such as in Midtown Manhattan, taking as long as 12 hours.

In addition to fine-particle air pollutant increases, water samples collected from the East River had more than double the levels of metals sometimes used to give fireworks their vibrant colors, such as lead, nickel, and antimony, than before the celebration. Notably, the researchers had shown in earlier experiments using rodents and human tissue that lung exposure to such emissions can lead to oxidation, a chemical process in the body that may damage or even kill cells if left unchecked.

"Our findings suggest that major firework displays can create a temporary spike in air pollution that may pose a health risk to both humans and the environment," said study lead author Terry Gordon, PhD, a professor in the Department of Medicine at NYU Grossman School of Medicine.

In a 2020 study by the same team, the authors analyzed 14 years' worth of air quality samples taken at dozens of sites across the United States by the Environmental Protection Agency (EPA). They found that levels of toxic metals were higher in samples collected around Independence Day and New Year's Eve than at any other time of the year. Past research from other experts has also assessed pollution from firework displays in other countries and has connected such exposure to lung problems such as asthma, pneumonia, and chronic obstructive pulmonary disease, says Gordon. Gordon is also a member of the department's Center for the Investigation of Environmental Hazards and the Division of Environmental Medicine.

The new study, publishing online Aug. 6 in the Journal of Exposure Science & Environmental Epidemiology, takes a more comprehensive look at how firework pollution travels and lingers after the initial event, the authors say.




For the research, the team collected air quality samples using real-time monitors at four residential sites along the East River near the display launch site in Manhattan and in Long Island City in Queens. To confirm the monitors' findings, the investigators analyzed hourly air-quality data from both EPA monitors within a 6-mile radius of the show's launch sites and a network of low-cost particle monitors set up less than a mile away.

Assessing data from EPA monitoring sites in other major cities, the team also documented increases in pollutant levels in Boston, Philadelphia, and Washington, DC, which like New York, showed elevated pollutant levels that lasted between three and 12 hours before returning to baseline.

"While these findings may seem alarming, firework shows can still be enjoyed," said study senior author Antonio Saporito, BA, a doctoral student at NYU Grossman School of Medicine. "Wearing an N-95 or KN95 mask is a good way to avoid inhaling smoke when standing near a display, especially for children and for those with preexisting heart and lung problems."

Saporito says that the 24-hour average of airborne particles estimated in the study was 25 micrograms per cubic meter, which falls within the EPA's health guidelines, although it does surpass those set by the World Health Organization. He adds that the authors did not take into account local, unregulated firework exhibitions that could have also contributed to environmental pollution.

Next, the team plans to repeat their investigation by analyzing data collected during Macy's 2024 Fourth of July celebration, which was launched over the Hudson River on Manhattan's West Side, and examine potential health effects tied to such events.

Study funding was provided by NYU Langone.

In addition to Gordon and Saporito, other NYU Langone investigators involved in the study are David Luglio, PhD; Beck Kim, BS; Tri Huynh, BS; Rahanna Khan, MS; Amna Raja, MS; Kristin Terez, MS; Nicole Camacho-Rivera, MS; Rachel Gordon, BA; Julie Gardella, BA; Maria Katsigeorgis, MS; Rodney Graham, BA; Thomas Kluz, BS; and Max Costa, PhD.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240806131352.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



What happens to your brain when you drink with friends? | ScienceDaily
Grab a drink with friends at happy hour and you're likely to feel chatty, friendly and upbeat. But grab a drink alone and you may experience feelings of depression. Researchers think they now know why this happens.


						
"Social settings influence how individuals react to alcohol, yet there is no mechanistic study on how and why this occurs," said Kyung-An Han, Ph.D., a biologist at The University of Texas at El Paso who uses fruit flies to study alcoholism.

Now, Han and a team of UTEP faculty and students have taken a key step in understanding the neurobiological process behind social drinking and how it boosts feelings of euphoria. Their new study, published in a recent issue of the journal Addiction Biology, pinpoints the region of the brain that is stimulated by social drinking and may lead to a better understanding of how humans become vulnerable to Alcohol Use Disorder (AUD), a disease that affected nearly 29.5 million people just this past year, according to the National Institute on Alcohol Abuse and Alcoholism.

Turns out that tipsy fruit flies aren't that different from intoxicated humans. Although they might seem like an unconventional choice from which to derive knowledge about human behavior, these insects share about 75% of the same genes that cause human diseases, Han explained.

Using fruit flies, Han and her team sought to demonstrate that ethanol, the alcohol in drinks, causes different reactions in solitary versus group settings and that dopamine, the brain molecule that plays a role in pleasure, motivation and learning, is a key player for this phenomenon.

The team's experiments consisted of exposing fruit flies, either alone or in a group setting, to ethanol vapor and measuring their average speed to determine the degree of ethanol-induced response. While flies who "drank alone" displayed a slight increase in movement, flies exposed to ethanol in a group setting displayed significantly increased speed and movement.

The team then proceeded to test whether dopamine plays a role in the flies' response to ethanol, comparing a control group whose dopamine was naturally regulated by the brain with an experimental group that had increased levels of dopamine.




The team found that the flies, regardless of whether they had normal or increased levels of dopamine, had a similar reaction to ethanol in a solitary setting -- a tiny increase in activity. But in social settings, the flies with increased dopamine showed even more heightened hyperactivity than usual.

"We demonstrated that both social settings and dopamine act together for the flies' heightened response to ethanol," said Han who currently serves as associate dean in the College of Science.

The team's final task was to identify which of the five dopamine receptors in the brain is the largest contributor in this process and found that the D1 dopamine receptor was most important to flies' reaction to ethanol in a social setting.

"The human D1 receptor gene is linked to Alcohol Use Disorder and this study provides experimental validation for it. For the team, the identification of the D1 receptor is crucial as it gives researchers at UTEP and beyond a blueprint for follow up studies," Han explained.

"Our work is providing scientific knowledge to support the idea that the brain interprets and processes a person's social surrounding and has that signal converge into the dopamine system that is also activated by alcohol consumption," said Paul Rafael Sabandal, Ph.D., a research assistant professor in biological sciences and one of the study's corresponding authors. "It gives us as researchers an idea of which brain area and components may serve as the meeting point for all the signals that contribute to AUD."

The team's next step is to explore the intricacies by which the D1 dopamine receptor serves as the nexus point for the signals that contribute to the ethanol, social interaction and AUD.

Han said, "The opportunity to work on projects whose positive impact can be applied at scale is one of the reasons I became a scientist. It's humbling to know that our work has the potential to help people live better lives and our team is going to continue striving toward achieving that goal."

Additional study authors are former UTEP undergraduates Dilean Murillo Gonzalez and Bryan Hernandez Granados, who are now at the Baylor College of Medicine Neuroscience Graduate Program and the Vanderbilt University Postbaccalaureate Program, respectively.

The research was funded by UTEP's Orville Edward Egbert, M.D. Endowment fund.
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Researchers create new treatment and vaccine for flu and various coronaviruses | ScienceDaily
A team of researchers, led by the University of Houston, has discovered two new ways of preventing and treating respiratory viruses. In back-to-back papers in Nature Communications, the team -- from the lab of Navin Varadarajan, M.D. Anderson Professor of William A. Brookshire Chemical and Biomolecular Engineering -- reports the development and validation of NanoSTING, a nasal spray, as a broad-spectrum immune activator for controlling infection against multiple respiratory viruses; and the development of NanoSTING-SN, a pan-coronavirus nasal vaccine, that can protect against infection and disease by all members of the coronavirus family.


						
NanoSTING Therapeutic HIGHLIGHTS 
    	NanoSTING, a nasal spray, can prevent multiple respiratory viruses by activating the immune system and preventing infection from viruses. It can also protect against SARS-CoV-2 reinfection.
    	A single intranasal dose of the NanoSTING has proven effective against strains of SARS-CoV-2 and the flu virus.
    	NanoSTING is complementary to vaccines and enables cells to be in a heightened state of alert to prevent attack from respiratory viruses.

NanoSTING-NS Pan-coronavirus Vaccine HIGHLIGHTS 
    	UH researchers have developed NanoSTING-SN, a nasal vaccine that prevents transmission to the unvaccinated and fights multiple COVID variants.
    	NanoSTING-SN provides the exciting potential towards a universal coronavirus vaccine and may end the cycle of onward transmission and viral evolution in immunocompromised people.
    	Intramuscular vaccines prevent disease but are less efficient in preventing infections. NanoSTING-SN can provide improved protection against transmission for COVID variants and related sarbecoviruses.

NanoSTING 

NanoSTING is a special formula that uses tiny fat droplets to deliver an immune-boosting ingredient called cGAMP. This formula helps the body's cells stay on high alert to prevent attack from respiratory viruses.

"Using multiple models, the team demonstrated that a single treatment with NanoSTING not only protects against pathogenic strains of SARS-CoV-2 but also prevents transmission of highly transmissible variants like the Omicron variants," reports Varadarajan. "Delivery of NanoSTING to the nose ensures that the immune system is activated in the nasal compartment and this in turn prevents infection from viruses."

As the recent COVID19 pandemic illustrated, the development of off-the-shelf treatments that counteract respiratory viruses is a largely unsolved problem with a huge impact on human lives.




"Our results showed that intranasal delivery of NanoSTING, is capable of eliciting beneficial type I and type III interferon responses that are associated with immune protection and antiviral benefit," reports first author and postdoctoral associate, Ankita Leekha.

The authors further show that NanoSTING can protect against both Tamiflu sensitive and resistant strains of influenza, underscoring its potential as a broad-spectrum therapeutic.

"The ability to activate the innate immune system presents an attractive route to armoring humans against multiple respiratory viruses, viral variants and also minimizing transmission to vulnerable people," said Leekha. "The advantage of NanoSTING is that only one dose is required unlike the antivirals like Tamiflu that require 10 doses."

The mechanism of action of NanoSTING is complementary to vaccines, monoclonal antibodies and antivirals, the authors noted.

Nano STING-SN 

Despite the successful implementation of multiple vaccines against SARS-CoV-2, these vaccines need constant updates due to viral evolution, plus the current generation of vaccines only offers limited protection against transmission of SARS-CoV-2.




Enter NanoSTING-SN, a multi-antigen, intranasal vaccine, that eliminates virus replication in both the lungs and the nostrils and has the ability to protect against multiple coronaviruses and variants.

"Using multiple preclinical models, the team demonstrated that the vaccine candidate protects the primary host from disease when challenged with highly pathogenic variants. Significantly, the vaccine also prevents transmission of highly transmissible variants like the Omicron variants to vaccine-naive hosts," reports Varadarajan.

The authors further show that the nasal vaccine was 100% effective at preventing transmission of the Omicron VOCs to unvaccinated hosts.

"The ability to protect against multiple coronaviruses and variants provides the exciting potential towards a universal coronavirus vaccine," said Leekha. "The ability to prevent infections and transmission might finally end this cycle of onward transmission and viral evolution in immunocompromised people."

The research was conducted by a collaborative team at UH including Xinli Liu, College of Pharmacy and Vallabh E. Das, College of Optometry along with Brett L. Hurst of Utah State University and consultation from AuraVax Therapeutics, a spinoff from Varadarajan's Single Cell Lab at UH, which is developing NanoSTING.

Funding for the studies was provided by NIH (R01GM143243), Owens Foundation, and AuraVax Therapeutics.
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People's moral values change with the seasons | ScienceDaily
A new UBC study has revealed regular seasonal shifts in people's moral values.


						
The finding has potential implications for politics, law and health -- including the timing of elections and court cases, as well as public response to a health crisis.

The research published this week in Proceedings of the National Academy of Sciences (PNAS) analyzed survey responses from more than 230,000 people in the U.S. over 10 years and revealed that people's embrace of certain moral values fluctuates depending on the time of year. The seasonal patterns also emerged in smaller data samples from Canada and Australia.

"People's endorsement of moral values that promote group cohesion and conformity is stronger in the spring and fall than it is in the summer and winter," said Ian Hohm, the study's first author and a doctoral student in UBC's psychology department. "Moral values are a fundamental part of how people make decisions and form judgments, so we think this finding might just be the tip of the iceberg in that it has implications for all sorts of other downstream effects."

Since 2009, a website established by social psychology researchers has been collecting survey data that measures participants' endorsement of five moral values:
    	Loyalty: Valuing devotion to one's group and maintaining strong group bonds.
    	Authority: Respecting and following leadership and established rules.
    	Purity: Emphasizing cleanliness, sanctity and upholding tradition.
    	Care: Prioritizing kindness and preventing harm to others.
    	Fairness: Ensuring equal treatment for everyone.

Loyalty, authority and purity are referred to by researchers as "binding" values because they encourage conformity to group norms. They also align closely with modern political conservatism. Care and fairness may be considered more liberal values, with their focus on individual rights and welfare. All have been shown by research to guide people's judgments about right and wrong.

The researchers found that respondents endorsed the "binding" values more strongly in spring and fall, but not as much in summer and winter -- a pattern that was remarkably consistent over 10 years.




They also found evidence that the summer decrease in endorsement of binding moral values was more pronounced in areas with more extreme seasonal climate differences.

Anxiety a possible explanation

The study observed a potential link between these seasonal moral shifts and levels of anxiety, using large-scale data on seasonal anxiety provided by Dr. Brian O'Shea, a co-author of the paper and assistant professor of psychology at the University of Nottingham.

"We noticed that anxiety levels peak in the spring and autumn, which coincides with the periods when people endorse binding values more strongly," said Dr. Mark Schaller, the study's senior author and a professor of psychology at UBC. "This correlation suggests that higher anxiety may drive people to seek comfort in the group norms and traditions upheld by binding values."

Implications for politics, law, health, social relations

The findings have wide-reaching implications, with potential examples including:
    	Elections: The timing of elections could have an impact on outcomes, as shifts in moral values influence political opinions and behaviours.
    	Legal judgments: The timing of trials and legal decisions could be influenced by seasonal variations in moral values, because those who endorse "binding" values tend to be more punitive of those who commit crimes and violate social norms.
    	Disease response: During the COVID-19 pandemic, the extent to which people followed social distancing guidelines and were vaccinated was influenced by their moral values. Knowing these values change with the seasons could help tailor more effective health campaigns.
    	Intergroup prejudice: Seasonal changes in moral values might affect how people view outsiders or those who don't conform to group norms.

The research team plans to delve deeper into the connections between anxiety and moral values and to investigate how these seasonal patterns influence prejudices and legal judgments.
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Scientists probe molecular cause of COVID-19 related diarrhea, revealing potential treatments | ScienceDaily
Working with human stem cells that form a kind of "mini intestine-in-a-dish," Johns Hopkins Medicine scientists say they have found several molecular mechanisms for COVID-19-related diarrhea, suggesting potential ways to control it.


						
Details of the experiments in a model of human intestinal tissue, called enteroids, are described on July 30 in Cellular and Molecular Gastroenterology and Hepatology.

Along with the unpleasant aches, fever, sore throat, cough, respiratory distress and other symptoms that may accompany COVID-19 infection, up to half of people who get the virus will experience diarrhea. Some 30% of them will go on to develop long COVID, a persistent infection marked by debilitating symptoms, including chronic pain, brain fog, shortness of breath, chest pain and intense fatigue.

"While COVID-19 diarrhea is not life-threatening like cholera, it can often predict a severe case and also who gets the long covid syndrome," says Mark Donowitz, M.D., Emeritus Professor of Medicine and Physiology at the Johns Hopkins University School of Medicine.

Some aspects of COVID-19 diarrhea have been determined, including that ACE2, an enzyme to which the virus attaches, and TMPRSS2, an enzyme that allows the virus to enter cells, are present in the intestine. Until now, the mechanisms were not understood, and this research creates a more complete picture of the mechanisms that could lead to potential treatments.

In an effort to determine the mechanism by which COVID-19 diarrhea occurred, Donowitz and his team used a model of normal human intestines called enteroids. Formed by stimulating human stem cells to develop into many of the cells lining the intestine, enteroids form a single layer of cells in a petri dish oriented in the same direction as the normal intestine.

The research team exposed the enteroids to live SARS-CoV-2 virus and saw changes in the gut cells' protein expression and function.




In typical diarrhea caused by bacterial infections, viruses or medication side effects, there are changes in transport proteins that move molecules across cell membranes. These changes inhibit sodium and chloride absorption and produce chloride secretion. In COVID-19 diarrhea, both effects occurred, which is common in diarrheal diseases. Donowitz says that, unlike many diarrheal diseases in which the protein that is the basis of cystic fibrosis is activated, a different class of proteins, called calcium-activated chloride channels, were involved in the chloride secretion in COVID-19 diarrhea.

An unusual aspect of COVID-19 diarrhea was that, while many diarrheal diseases are caused either by direct effects on the transport proteins or by the accompanying inflammation, Donowitz and his team saw a combination of the two in the enteroid cells.

The researchers suggest that the inflammation linked to COVID-19 diarrhea may be similar to the inflammatory effects of COVID-19 in the lungs and other parts of the body. This suggests that testing the role of inhibitors of this response may be a way to treat COVID-19 diarrhea.

"The precise mechanisms of long COVID are a big mystery, although we now know that the virus can persist in the intestine for a long time," Donowitz says. "The next big question is to determine what exactly allows the virus to live in the intestine and what allows the virus to live over a long period of time."

This research was supported in part by the Johns Hopkins University School of Medicine Dean Durso Award and the National Institutes of Health National Institute of Diabetes and Digestive and Kidney Diseases (RO1 DK26523, RO1 DK116352; P30DK089502).

Other authors include Chung-Ming Tse, Rafiq Sarker, Ruxian Lin, Tyrus Vong, G. McNamara, Varsha Singh, Chenxu Guo, Shang JuiTsai, Andrew Karaba, Andrea Cox, Steven Gould, Olga Kovbasnjuk and Nicholas C. Zachos of Johns Hopkins Medicine, Jaiprasath Sachithanandhan and Andy Pekosz of the Johns Hopkins Bloomberg School of Public Health, Karol Dokladny, Manmeet Rawat, Julie In, Alison Kell, and Steven Bradfute of the University of New Mexico Health Sciences Center, and Ivy Horwitz and ChunYan Ye of the University of New Mexico Center for Global Health.
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Hospital pneumonia diagnoses are uncertain, revised more than half the time, study finds | ScienceDaily
Pneumonia diagnoses are marked by pronounced uncertainty, an AI-based analysis of over 2 million hospital visits has found.


						
More than half the time, a pneumonia diagnosis made in the hospital will change from a patient's entrance to their discharge -- either because someone who was initially diagnosed with pneumonia ended up with a different final diagnosis, or because a final diagnosis of pneumonia was missed when a patient entered the hospital (not including cases of hospital-acquired pneumonia).

The study describing the new results publishes August 6th in Annals of Internal Medicine.

Barbara Jones, MD, MSCI, pulmonary and critical care physician at University of Utah Health and the first author on the study, found the results by searching medical records from more than 100 VA medical centers across the country, using artificial intelligence-based tools to identify mismatches between initial diagnoses and diagnoses upon discharge from the hospital. More than ten percent of all such visits involved a pneumonia diagnosis, either when a patient entered the hospital, when they left, or both.

"Pneumonia can seem like a clear-cut diagnosis," Jones says, "but there is actually quite a bit of overlap with other diagnoses that can mimic pneumonia." A third of patients who were ultimately diagnosed with pneumonia did not receive a pneumonia diagnosis when they entered the hospital. And almost 40% of initial pneumonia diagnoses were later revised.

The study also found that this uncertainty was often evident in doctors' notes on patient visits; clinical notes on pneumonia diagnoses in the emergency department expressed uncertainty more than half the time (58%), and notes on diagnosis at discharge expressed uncertainty almost half the time (48%). Simultaneous treatments for multiple potential diagnoses were also common.

When the initial diagnosis was pneumonia, but the discharge diagnosis was different, patients tended to receive a greater number of treatments in the hospital, but didn't do worse than other patients as a general rule. However, patients who initially lacked a pneumonia diagnosis, but ultimately ended up diagnosed with pneumonia, had worse health outcomes than other patients.

The new results call into question much of the existing research on pneumonia treatment, which tends to assume that initial and discharge diagnoses will be the same. Jones adds that doctors and patients should keep this high level of uncertainty in mind after an initial pneumonia diagnosis and be willing to adapt to new information throughout the treatment process. "Both patients and clinicians need to pay attention to their recovery and question the diagnosis if they don't get better with treatment."

The study publishes in the August 6th issue of Annals of Internal Medicine as "Diagnostic Discordance, Uncertainty, and Treatment Ambiguity in Community-Acquired Pneumonia: A National Cohort Study of 115 U.S. Veterans Affairs Hospitals."
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Soft gold enables connections between nerves and electronics | ScienceDaily
Gold does not readily lend itself to being turned into long, thin threads. But researchers at Linkoping University in Sweden have now managed to create gold nanowires and develop soft electrodes that can be connected to the nervous system. The electrodes are soft as nerves, stretchable and electrically conductive, and are projected to last for a long time in the body.


						
Some people have a "heart of gold," so why not "nerves of gold"? In the future, it may be possible to use this precious metal in soft interfaces to connect electronics to the nervous system for medical purposes. Such technology could be used to alleviate conditions such as epilepsy, Parkinson's disease, paralysis or chronic pain. However, creating an interface where electronics can meet the brain or other parts of the nervous system poses special challenges.

"The classical conductors used in electronics are metals, which are very hard and rigid. The mechanical properties of the nervous system are more reminiscent of soft jelly. In order to get an accurate signal transmission, we need to get very close to the nerve fibres in question, but as the body is constantly in motion, achieving close contact between something that is hard and something that is soft and fragile becomes a problem," says Klas Tybrandt, professor of materials science at the Laboratory of Organic Electronics at Linkoping University, who led the research.

Researchers therefore want to create electrodes that have good conductivity as well as mechanical properties similar to the softness of the body. In recent years, several studies have shown that soft electrodes do not damage the tissue as much as hard electrodes may do. In the current study, published in the journal Small, a group of researchers at Linkoping University have developed gold nanowires -- a thousand times thinner than a hair -- and embedded them in an elastic material to create soft microelectrodes.

"We've succeeded in making a new, better nanomaterial from gold nanowires in combination with a very soft silicone rubber. Getting these to work together has resulted in a conductor that has high electrical conductivity, is very soft and made of biocompatible materials that function with the body," says Klas Tybrandt.

Silicone rubber is used in medical implants, such as breast implants. The soft electrodes also include gold and platinum, metals that are common in medical devices for clinical use. However, making long, narrow gold nanostructures is very difficult. This has so far been a major obstacle, but the researchers have now come up with a new way to manufacture gold nanowires. And they do it by using silver nanowires.

As silver has unique properties that make it a very good material to create the kind of nanowires that the researchers are after, it is used in some stretchable nanomaterials. The problem with silver is that it is chemically reactive. In the same way that silver cutlery will discolour over time when chemical reactions occur on the surface, silver in nanowires breaks down so that silver ions leak out. In a high enough concentration, silver ions can be toxic to us.




It was when Laura Seufert, a doctoral student in Klas Tybrandt's research group, was working on finding a way to synthesize, or "grow," gold nanowires that she came up with a new approach that opened up new possibilities. At first, it was difficult to control the shape of the nanowires. But then she discovered a way that resulted in very smooth wires. Instead of trying to grow gold nanowires from the beginning, she started with a thin nanowire made of pure silver.

"As it's possible to make silver nanowires, we take advantage of this and use the silver nanowire as a kind of template on which we grow gold. The next step in the process is to remove the silver. Once that's done, we have a material that has over 99 per cent gold in it. So it's a bit of a trick to get around the problem of making long narrow gold nanostructures," says Klas Tybrandt.

In collaboration with Professor Simon Farnebo at the Department of Biomedical and Clinical Sciences at Linkoping University, the researchers behind the study have shown that the soft and elastic microelectrodes can stimulate a rat nerve as well capture signals from the nerve.

In applications where the soft electronics are to be embedded in the body, the material must last for a long time, preferably for life. The researchers have tested the stability of the new material and concluded that it will last for at least three years, which is better than many of the nanomaterials developed so far.

The research team is now working on refining the material and creating different types of electrodes that are even smaller and can come into closer contact with nerve cells.

The research has been funded with support from, among others, the Swedish Foundation for Strategic Research, the Swedish Research Council, the Knut and Alice Wallenberg Foundation and through the Swedish Government's strategic research area in advanced functional materials, AFM, at Linkoping University.
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Ketogenic Diet may reduce friendly gut bacteria and raise cholesterol levels | ScienceDaily

Key findings include:
    	Increased Cholesterol: The keto diet raised cholesterol levels, particularly in small and medium sized LDL particles. The diet increased apolipoprotein B (apoB), which causes plaque buildup in arteries. In contrast, the low-sugar diet significantly reduced cholesterol in LDL particles.

    	Reduced Favourable Gut Bacteria: The keto diet altered gut microbiome composition, notably decreasing Bifidobacteria, beneficial bacteria often found in probiotics. This bacteria has wide ranging benefits: producing b vitamins, inhibiting pathogens and harmful bacteria and lowering cholesterol. Sugar restriction did not significantly impact the gut microbiome composition.

    	Glucose Tolerance: The keto diet reduced glucose tolerance, meaning the adults' bodies became less efficient at handling carbohydrates.

    	Both Diets Resulted In Fat Loss: Keto Diet resulted in an average of 2.9 kg fat mass loss per person, whilst the sugar restricted diet followed with an average 2.1 kg fat mass loss per person at 12 weeks.

    	Metabolism: Researchers also noticed that the keto diet caused significant changes in lipid metabolism and muscle energy use, shifting the body's fuel preference from glucose to fats.

    	Physical Activity Levels: Both sugar restriction and keto diets achieved fat loss without changing physical activity levels. Previous studies from the Centre for Nutrition, Exercise and Metabolism have shown that skipping breakfast or intermittent fasting cause reductions in physical activity.

Lead researcher Dr. Aaron Hengist highlighted the concerning cholesterol findings:

"Despite reducing fat mass, the ketogenic diet increased the levels of unfavourable fats in the blood of our participants, which, if sustained over years, could have long-term health implications such as increased risk of heart disease and stroke."

Dr. Russell Davies, who led the microbiome research, explained the impact on gut health:

"Dietary fibre is essential for the survival of beneficial gut bacteria like Bifidobacteria. The ketogenic diet reduced fibre intake to around 15 grams per day, half the NHS recommended intake. This reduction in Bifidobacteria might contribute to significant long-term health consequences such as an increased risk of digestive disorders like irritable bowel disease, increased risk of intestinal infection and a weakened immune function."

Professor Javier Gonzalez, who oversaw the research, commented on the glucose findings:

"The ketogenic diet reduced fasting glucose levels but also reduced the body's ability to handle carbs from a meal. By measuring proteins in muscle samples taken from participants' legs, we think this is probably an adaptive response to eating less carbohydrates day-to-day and reflects insulin resistance to storing carbs in muscle. This insulin resistance is not necessarily a bad thing if people are following a ketogenic diet, but if these changes persist when people switch back to a higher carbohydrate diet it could increase the risk of developing type 2 diabetes in the long-term"




In light of this new research, the academics conclude that if you're considering a diet, a low sugar one will be better for most people. More work is needed to understand how individuals may benefit from each type of diet. The government recommends that free sugars (those added to food or drink or found naturally in honey, syrups, fruit juices and smoothies) should be restricted to less than 5% of total energy intake. Professor Dylan Thompson, who also oversaw the work, said:

"The ketogenic diet is effective for fat loss, but it comes with varied metabolic and microbiome effects that may not suit everyone. In contrast, sugar restriction supports government guidelines for reducing free sugar intake, promoting fat loss without apparent negative health impacts."

This work was supported by an initial grant from The Rank Prize Funds, with subsequent funding from Cosun Nutrition Center, The University of Bath, and Ian Tarr. Exploratory analyses included fellowship support for some investigators from the British Heart Foundation and Medical Research Council.
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Sport or snack? How our brain decides | ScienceDaily
Should I go and exercise, or would I rather go to the cafe and enjoy a delectable strawberry milkshake? Until now, what exactly happens in our brain when we make this decision has been a mystery to science, but researchers at ETH Zurich have found the solution. They deciphered which brain chemical and which nerve cells mediate this decision: the messenger substance orexin and the neurons that produce it.


						
These neuroscientific fundamentals are relevant because many people don't get enough exercise. Most of us have probably already decided once or even several times to skip exercising in favour of one of the numerous alternative temptations of daily life. According to the World Health Organization, 80 percent of adolescents and 27 percent of adults don't get enough exercise. And obesity is increasing at an alarming rate not only among adults but also among children and adolescents.

Focus on orexin

"Despite these statistics, many people manage to resist the constantly present temptations and get enough exercise," says Denis Burdakov, Professor of Neuroscience at ETH Zurich. "We wanted to know what it is in our brain that helps us make these decisions."

In their experiments with mice, the researchers were able to show that orexin plays a key role in this process. It's one of over a hundred messenger substances that are active in the brain. Other chemical messengers, such as serotonin and dopamine, were discovered a long time ago and their role has largely been decoded. The situation for orexin is different: researchers discovered it relatively late, around 25 years ago, and they are now clarifying its functions step by step. Burdakov is one of the scientists who have devoted their efforts to studying orexin.

Existing knowledge can't explain the choice

"In neuroscience, dopamine is a popular explanation for why we choose to do some things but avoid others," says Burdakov. This brain messenger is critical for our general motivation. "However, our current knowledge about dopamine does not easily explain why we decide to exercise instead of eating," the scientist continues. "Our brain releases dopamine both when we eat and when we exercise, which does not explain why we choose one over the other."

To find out what does, the researchers devised a sophisticated behavioural experiment for mice, which were able to choose freely from among eight different options in ten-minute trials. These included a wheel they could run on and a "milkshake bar" where they could enjoy a standard strawberry-flavoured milkshake. "Mice like a milkshake for the same reason people do: it contains lots of sugar and fat and tastes good," says Burdakov.




Less time at the milkshake bar

In their experiment, the scientists compared different groups of mice: one made up of normal mice and one in which the mice's orexin systems were blocked, either with a drug or through genetic modification of their cells.

The mice with an intact orexin system spent twice as much time on the running wheel and half as much time at the milkshake bar as the mice whose orexin system had been blocked. Interestingly, however, the behaviour of the two groups didn't differ in experiments in which the scientists only offered the mice either the running wheel or the milkshake. "This means that the primary role of the orexin system is not to control how much the mice move or how much they eat," Burdakov says. "Rather, it seems central to making the decision between one and the other, when both options are available." Without orexin, the decision was strongly in favour of the milkshake, and the mice gave up exercising in favour of eating.

Helping people who do little exercise

The ETH Zurich researchers expect that orexin may also be responsible for this decision in humans; the brain functions involved here are known to be practically the same in both species. "It will now be a matter of verifying our results in humans," says Daria Peleg-Raibstein, group leader at ETH Zurich. She led the study together with Denis Burdakov. This could involve examining patients who have a restricted orexin system for genetic reasons -- this is the case in around one in two thousand people. These people suffer from narcolepsy (a sleeping disorder). Another possibility would be to observe people who receive a drug that blocks orexin. Such drugs are authorised for patients with insomnia.

"If we understand how the brain arbitrates between food consumption and physical activity, we can develop more effective strategies for addressing the global obesity epidemic and related metabolic disorders," says Peleg-Raibstein. In particular, interventions could be developed to help overcome exercise barriers in healthy individuals and those whose physical activity is limited. However, Burdakov points out that these would be important questions for scientists involved in clinical research in humans. He and his group have dedicated themselves to basic neuroscientific research. Next he wants to find out how the orexin neurons interact with the rest of the brain when making decisions like the one between exercise and snacking.
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ALS diagnosis and survival linked to metals in blood, urine | ScienceDaily
People with higher levels of metals found in their blood and urine may be more likely to be diagnosed with -- and die from -- amyotrophic lateral sclerosis, or ALS, a University of Michigan-led study suggests.


						
Researchers have known that ALS, a rare but fatal neurodegenerative condition, is influenced by genetic and environmental factors, including exposure to pesticides and metals.

This latest study examined the levels of metals in the blood and urine of people with and without ALS, finding that exposure to individual and mixtures of metals is associated with a greater risk for ALS and shorter survival.

The results are published in the Journal of Neurology, Neurosurgery, and Psychiatry.

"Strengthening our understanding of the importance of exposure to metals as a risk factor for ALS is essential for future targeted prevention of the disease and improved therapeutic strategies," said senior author Stephen Goutman, M.D., M.S., director of the Pranger ALS Clinic and associate director of the ALS Center of Excellence at University of Michigan.

"Several epidemiologic studies have linked metal exposure to ALS risk. Nonetheless, it remains critical for us to understand how these metal mixtures associate with ALS risk and survival and to identify who is at greatest risk of exposure or who is most susceptible to the exposure."

Goutman's team measured metal levels in plasma and urine samples from over 450 people with ALS and nearly 300 people without the condition.




They found that elevated levels of individual metals, including copper, selenium and zinc, significantly associated with higher ALS risk and earlier death.

They then used these results to create environmental ALS risk scores, similar to the polygenic risk scores previously developed at U-M. The environmental risk scores indicated that mixtures of metals in plasma and urine are linked to around a three-times greater risk for the disease.

In this study, the inclusion of an ALS polygenic risk score to assess a potential moderating effect of underlying genetic factors did not alter the association between metal exposure and disease risk or survival.

"While several studies suggest that environmental factors like metals interact with genetic variants to influence the onset, progression and severity of ALS, our study found that accounting for ALS polygenic risk scores did not influence the relationship between metal exposure and ALS," said co-author Kelly Bakulski, Ph.D., associate professor of epidemiology at the University of Michigan School of Public Health.

"The relationships between genes and the environment on disease risk are complex, and future insights into other genetic factors or pathways that may be involved in ALS risk and metabolism of metals could enhance our understanding."

Investigators also discovered that participants working in occupations with a higher likelihood of metal exposure had increased levels of metal mixtures in their blood and urine.




This echoes a previous study from the research team which found that people with ALS reported higher occupational exposure to metals prior to diagnosis.

"These findings emphasize the necessity of accounting for occupational and environmental factors when evaluating a person's overall exposure risk," said first author Dae Gyu Jang, Ph.D., postdoctoral fellow in the U-M Health Department of Neurology.

By avoiding high risk activities associated with metal exposures, Goutman says, individuals might lower their overall exposure and potentially mitigate risk.

"Our future research will further focus on what exposures have the strongest associations and their implications on the disease," he said.

Funding for this study was provided in part by the National Institute of Neurological Disorders and Stroke (R01NS127188), the National Institute of Environmental Health Sciences (K23ES027221, R01ES030049), the Centers for Disease Control and Prevention (R01TS000344) and the ALS Association (20-IIA-532, 20-PP-661).
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Smallest arm bone in human fossil record sheds light on the dawn of Homo floresiensis | ScienceDaily

Dated to about 700,000 years old, the new findings shed light on the evolution of Homo floresiensis, the so-called 'Hobbits' of Flores whose remains were uncovered in 2003 at Liang Bua cave in the island's west by a team co-led by Australian-New Zealand archaeologist Professor Mike Morwood (1950-2013).

Archaeological evidence suggests these diminutive, small-brained humans inhabited Liang Bua as recently as 50,000 years ago, a time when our own species (Homo sapiens) was already long established in Australia to the south.

There has been much debate about the origin of the mysterious humans from Flores. It was first hypothesised that Homo floresiensis was a dwarfed descendant of early Asian Homo erectus.

Another theory is that the 'Hobbit' is a late-surviving remnant of a more ancient hominin from Africa that pre-dates Homo erectus and was small in stature to begin with, in which case possible candidates include Homo habilis or the famous 'Lucy' (Australopithecus afarensis).

Other than Liang Bua, hominin fossils have only ever been found at a single location on Flores: the open-air site of Mata Menge 75km to the east of the cave. Located in the sparsely populated tropical grasslands of the So'a Basin, this site has previously yielded several hominin fossils (a jaw fragment and six teeth) excavated from a layer of sandstone laid down by a small stream around 700,000 years ago.

Pre-dating the Liang Bua hominins by 650,000 years, the Mata Menge fossil remains have been shown to belong to at least three individuals with even slightly smaller jaws and teeth than Homo floresiensis, implying that small body size evolved early in the history of Flores hominins.




However, as postcranial elements (bones from below the head) had not been found in the fossil record at this site it could not be confirmed that these So'a Basin hominins were at least as small as, if not slightly smaller than, Homo floresiensis.

It was also unclear what species the Mata Menge fossils belonged to, owing to the lack of more diagnostic specimens. However, some teeth were deemed to be intermediate in form between those of early Asian Homo erectus and Homo floresiensis.

The new study published in Nature Communications was led by Professor Yousuke Kaifu of the University of Tokyo, Iwan Kurniawan of the Center for Geological Survey in Indonesia, and Associate Professor Gerrit van den Bergh from the University of Wollongong.

It reports the discovery of three additional hominin fossils from Mata Menge dating to 700,000 years ago, the outcome of several field seasons of excavations at this site. Most importantly, the new assemblage includes the first postcranial element, a distal shaft of an adult humerus (lower half of the upper arm bone).

The recovery of a fossil limb bone from the Mata Menge excavation site has been long-awaited because of the wealth of evidence it provides regarding the ancestral origin of Homo floresiensis.

Digital microscopy of the microstructure indicates that the small humerus is from an adult individual. Based on the estimated length of the bone, the team was able to calculate the body height of this hominin to be about 100cm tall. This is around 6cm shorter than the estimated body height of the 60,000-year-old Homo floresiensis skeleton from Liang Bua (~106cm, based on the femoral length).




"This 700,000-year-old adult humerus is not just shorter than that of Homo floresiensis, it is the smallest upper arm bone known from the hominin fossil record worldwide," said Professor Adam Brumm from Griffith University's Australian Research Centre for Human Evolution, a co-author of the paper.

"This very rare specimen confirms our hypothesis that the ancestors of Homo floresiensis were extremely small in body size; however, it is now apparent from the tiny proportions of this limb bone that the early progenitors of the 'Hobbit' were even smaller than we had previously thought."

The two additional hominin teeth from Mata Menge are also small in size and one bears shape characteristics that are most consistent with early Homo erectus of Java. This similarity does not support the hypothesis that Homo floresiensis evolved from an earlier and more primitive type of hominin, the likes of which have never been recovered from Indonesia, or indeed the wider region outside Africa.

The Mata Menge human remains, which now total 10 fossil specimens, are from at least four individuals (including two children). All of them are very similar anatomically to the Liang Bua Homo floresiensis and can now be regarded as an older variant of this hominin. However, while a direct ancestor of the 'Hobbit', this earlier form had a less specialised dentition (more primitive teeth) than its descendant at Liang Bua.

Further, it is evident from the tiny arm bone that extreme body size reduction occurred early in the history of the Flores hominins.

"The evolutionary history of the Flores hominins is still largely unknown," said Professor Brumm. "However, the new fossils strongly suggest that the 'Hobbit' story did indeed begin when a group of the early Asian hominins known as Homo erectus somehow became isolated on this remote Indonesian island, perhaps one million years ago, and underwent a dramatic body size reduction over time."
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Meteorin-like protein drains energy from T cells, limiting immune system's power to fight cancer | ScienceDaily
A protein called Meteorin-like (METRNL) in the tumor microenvironment saps energy from T cells, thereby severely limiting their ability to fight cancer, according to new research directed by investigators at the Johns Hopkins University School of Medicine and the Johns Hopkins Kimmel Cancer Center and its Bloomberg~Kimmel Institute for Cancer Immunotherapy. Finding ways to block the effects of METRNL signaling on tumor-infiltrating T cells may allow these immune cells to regain the energy necessary to eliminate tumors.


						
A report about the work was published Aug. 6 in the journal Immunity.

METRNL has been described in the medical literature before -- initially as playing a role in helping keep cold or exercising animals (and people) warm by poking holes in the mitochondria (energy factory) of fat cells so they produce heat. However, it had not previously been known to be active in cancer or in T cells, says lead study author Christopher Jackson, M.D., an assistant professor of neurosurgery at Johns Hopkins.

When T cells try to eliminate a tumor, the state of chronic stimulation/stress causes them to secrete METRNL, Jackson explains. Once METRNL is secreted, it interacts with the mitochondria and pokes holes in the electron transport chain, a cluster of proteins participating in a process to create energy. When T cells can no longer keep up with their energy requirements, they stop trying to kill cancer cells, which enables cancer cells to multiply and spread.

"Others have shown that metabolic dysfunction limits T cells' ability to fight cancer, but we are among the first to describe a discrete signaling pathway that causes that to happen," Jackson says. "Most of the previous work has looked at how the lack of specific nutrients in tumors limits a T cell's ability to function. The problem is this is difficult to modify because it's hard to get the right nutrients into a tumor and direct them to T cells. We potentially can do much better by targeting a signaling pathway because we can block it or turn it on or off, but until now, nobody had identified such a pathway that restores the metabolic health of T cells in tumors."

In a series of laboratory investigations, researchers first studied T cells from the tumor tissue and blood of patients with previously untreated brain tumors (glioblastomas), prostate cancer, bladder cancer and renal cell/kidney cancer, and performed RNA sequencing to try to identify genes responsible for dysfunction in the tumor. METRNL was the gene most highly expressed.

Next, they wanted to find out what makes T cells secrete METRNL in the first place, discovering that the reason was chronic stimulation. Normally, the immune system activates when stimulated to fight an infection and then diminishes when that illness resolves. But in the setting of cancer, T cells are chronically stimulated, which causes them to become dysfunctional. METRNL also was found to be secreted by other immune cells in tumors such as macrophages and dendritic cells, but it acts specifically on T cells.




Additional study determined that METRNL acts directly on the mitochondria, and decouples the electron transport chain. As T cells lose energy and start to fail, they increase their attempts to use glucose (natural sugar) as a backup source of energy. But, because the tumor environment is low in glucose, they continue to flounder and eventually die. This is one of the ways that tumors can continue to grow. Deleting METRNL in models of different cancer types in the researchers' investigations universally delayed tumor growth.

Finally, researchers observed that METRNL is activated through a family of transcription factors (proteins that control the rate of transcription of genetic information from DNA to RNA) called E2F, that it is dependent on signaling by a receptor called PPAR delta, and that modulating these factors downstream can block the effects of METRNL.

The next steps are to determine how this can help patients, Jackson says. He and his colleagues are actively working on different means to target the METRNL-E2F-PPAR delta pathway or to combine targeted treatment with other immunotherapies.

"We think that one of the reasons that some current immunotherapies fail is they require more energy from immune cells that already are functioning at decreased capacity," he says. "Blocking the pathway may allow these immunotherapies that maybe have not been effective in the past to be more effective because there will be enough fuel for the T cells to meet that increased demand."

Study co-authors were Ayush Pant, Aanchal Jain, Eli Yazigi, Liang Zhao, Thomas Nirschl, Christina Kochel, Denis Routkevitch, Kisha Patel, Stephany Tzeng, Sarah Neshat, Barbara Smith, Jordan Green, Chetan Bettegowda, Henry Brem and Drew Pardoll of Johns Hopkins. Additional study co-authors who were at Johns Hopkins at the time the research was conducted were Wikum Dinalankara and Luigi Marchionni of Weill Cornell Medicine in New York, Charles Drake of Janssen Research and Michael Lim of Stanford School of Medicine in Palo Alto, California. Other investigators from Stanford and Asan Medical Center in Seoul, South Korea, contributed to the project.

RNA sequencing was supported by grants through the Bristol Myers Squibb International Immuno-Oncology Network and Janssen Pharmaceuticals. Dinalankara and Marchionni were supported by the National Institutes of Health-National Cancer Institute award R01CA200859.

Jackson is a consultant for Egret Therapeutics with equity interests in the company. He is an inventor on a patent filed by The Johns Hopkins University for using immune checkpoint agonists to treat cerebrovascular disorders. He receives research support from Biohaven, InCephalo and Grifols. His work is funded by philanthropy and the Goldhirsh-Yellin Foundation. The Johns Hopkins University has filed a provisional patent on METRNL blockade for cancer treatment, on which Jackson, Pant, Brem and others are inventors.

Additionally, Bettegowda is a consultant for Depuy-Synthes and Bionaut Labs. Brem is a consultant for Perosphere, AsclepiX Therapeutics, StemGen, Accelerating Combination Therapies, Catalio Nexus Fund II LLC, LikeMinds Inc., Acuity Bio Corp., InSightec, Galen Robotics and Nurami Medical. These relationships are managed by The Johns Hopkins University in accordance with its conflict-of-interest policies.
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Horse miscarriages offer clues to causes of early human pregnancy loss | ScienceDaily
A study of horses -- which share many important similarities with humans in their chromosomes and pregnancies -- revealed that 42% of miscarriages and spontaneous abortions in the first two months of pregnancy were due to complications from an extra set of chromosomes, a condition called triploidy.


						
"Over that embryonic period [up to eight weeks from conception], triploidy had rarely been reported in mammals outside of women," said Mandi de Mestre, professor of equine medicine at Cornell University. "The study tells us that over the first six weeks of gestation, this will likely be the primary cause of pregnancy loss following natural conception."

de Mestre is the corresponding author of "Naturally Occurring Horse Model of Miscarriage Reveals Temporal Relationship Between Chromosomal Aberration Type and Point of Lethality," published in the Proceedings of the National Academy of Sciences.

Human miscarriages occur in 10-20% of pregnancies and are commonly associated with chromosomal errors, but there have been no suitable animal models that truly duplicate the features of the condition. The new research findings will help veterinarians better understand the causes of pregnancy loss in horses and identifies horses as an excellent model for studying human miscarriage.

"We were able to study the impact of chromosome errors across the entire pregnancy in the horse," de Mestre said. "We found that triploidy is only associated with losses in early pregnancy."

In the study, de Mestre's laboratory at Cornell, and earlier at The Royal Veterinary College, London, received 256 fetus and placenta samples from veterinarians who treated horses with failed pregnancies over a period of 10 years. Using the samples, the researchers were able to investigate the prevalence of different types of chromosomal copy number errors associated with pregnancy loss. They found that chromosomal errors occurred in 57.9% of pregnancy losses up to day 55 of gestation, in 57.2% of losses between days 56 and 110 and in only 1.4% of losses between days 111 and the end of pregnancy. Aneuploidy (loss or gain of a single whole chromosome) was mainly associated with miscarriages in the first 10 weeks of pregnancy, while deletions or duplications of only part of a chromosome were found in miscarriages after 110 days. These findings turned out to be remarkably similar to those observed in a number of large studies in women, according to the paper.

Horses are a good model for studying human pregnancies because they have a similar gestation period -- 11 months compared to nine months in women -- and the embryo develops at a similar rate in the early stages. In addition, horse chromosomes have a very similar genetic content to human chromosomes, which makes them particularly relevant for the study of chromosome errors.




Reasons for miscarriage in women in very early pregnancy have been difficult to determine because most fetuses during this period are lost at home, leaving scientists without material -- and data -- to study. The study's findings provide insight into the frequency of chromosome errors over the equivalent period of the first six weeks of human gestation.

Because of the value of horses and the emotional attachment their owners have to them, horses receive a high level of care, with routine tracking of pregnancies, which then provide extensive data for research.

Other animal models, such as mice, are not comparable to human pregnancies. Mice have a gestation period of about three weeks, and natural pregnancy losses in mice are low.

In terms of equine health, the study provides new details about common chromosomal abnormalities that will likely change the clinical management of pregnancies. For example, if a clinician determines that a horse has a major chromosomal error, they may no longer choose to extend that pregnancy by administering hormones, a common practice in pregnant mares. The study will also point researchers toward the development of new diagnostic tests for chromosome abnormalities in horse fetuses and investigating molecular mechanisms that lead to these abnormalities.

"This research has provided a foundation for understanding the genetic causes of pregnancy loss in horses, often referred to as pregnancy loss of unknown cause," said Shebl Salem, a postdoctoral researcher in de Mestre's Equine Pregnancy Lab and a co-first author of the study.

Other co-first authors include Jessica Lawson of the Royal Veterinary College in London, United Kingdom; and Donald Miller, de Mestre lab manager.

The study was partly funded by the Horserace Betting Levy Board and Thoroughbred Breeders Association.
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New method tracks how psychedelics affect neurons in minutes | ScienceDaily
Researchers at the University of California, Davis have developed a rapid, noninvasive tool to track the neurons and biomolecules activated in the brain by psychedelic drugs. The protein-based tool, which is called Ca2+-activated Split-TurboID, or CaST, is described in research published in Nature Methods. 


						
There has been mounting interest in the value of psychedelic-inspired compounds as treatments for brain disorders including depression, post-traumatic stress disorder and substance use disorder. Psychedelic compounds like LSD, DMT and psilocybin promote the growth and strengthening of neurons and their connections in the brain's prefrontal cortex. The new tool could help scientists unlock the benefits of psychedelic treatments for patients with brain disorders.

"It's important to think about the cellular mechanisms that these psychedelics act upon," said Christina Kim, an assistant professor of neurology at the UC Davis Center for Neuroscience and School of Medicine, and an affiliate of the UC Davis Institute for Psychedelics and Neurotherapeutics. "What are they? Once we know that, we can design different variants that target the same mechanism but with fewer side effects."

This research provides scientists with a new technique that could be used to track step by step the molecular signaling processes that are responsible for these compounds' beneficial neuroplastic effects. What's more, CaST accomplishes the task of cellular tagging in rapid time, taking 10 to 30 minutes rather than the hours typical of other tagging methods.

"We designed these proteins in the lab that can be packaged into DNA and then put into harmless adeno-associated viruses," Kim said. "Once we deliver the CaST tool and these proteins into neurons, then they incubate inside the cells and start expressing."

The research was conducted in collaboration with David Olson, founding director of the Institute for Psychedelics and Neurotherapeutics and a professor in the departments of Chemistry and Biochemistry and Molecular Medicine.

A snapshot of the brain

The CaST tool takes advantage of changes in intracellular calcium concentrations, a nearly universal marker to track activity in a neuron. When neurons exhibit high activity, they exhibit high calcium levels. CaST uses this cue to tag the cell with a small biomolecule called biotin.




In the study, Kim and her colleagues dosed mice with the psychedelic psilocybin. They then used CaST in tandem with biotin to identify neurons with increased calcium in the prefrontal cortex. The prefrontal cortex is an area affected by many brain disorders and also an area where psychedelics promote neuronal growth and strengthening.

The researchers also monitoring the head-twitch responses in the mice. Head-twitch responses are the primary behavioral correlate for hallucinations caused by psychedelics.

"What's nice about CaST is that it can be used in a freely behaving animal," said Kim, noting that other cellular tagging technologies require stabilizing a mouse's head to accomplish imaging. "Biotin is also a great tagging substrate because there are many pre-existing commercial tools that can report whether biotin is present or not just by a simple staining and imaging method."

The proof-of-concept experiment gave what Kim called "a camera snapshot" of the areas in the prefrontal cortex activated by psilocybin.

Next steps

Kim and her colleagues are now working on methods to enable brain-wide cellular labeling with the CaST tool. Additionally, they're exploring ways to enrich the signature of individual proteins produced by neurons affected by psychedelics.




"We can send those samples to the UC Davis Proteomics Core Facility and they can give us an unbiased picture of all the proteins we identified," Kim said. "We want to examine their entire contents in terms of what proteins they express, what genes they express, and try to see what's different in psilocybin-treated animals versus control animals or animal models of diseases."

The goal is to identify how psychedelics benefit the cellular profiles of those with brain disorders, elucidating the step-by-step cellular process of their therapeutic effects.

Kim expressed interest in conducting future experiments in collaboration with Olson's lab that use the CaST tool to compare the neuronal activity induced by psychedelics to the activity induced by non-hallucinogenic neurotherapeutics.

"CaST will be an important tool for studying the mechanisms of action of these neurotherapeutic drugs," Kim said.

Additional UC Davis authors on the study include lead authors Run Zhang and Maribel Anguiano, and Isak K. Aarrestad, Sophia Lin, Joshua Chandra and Sruti S. Vadde.

The work was supported by grants from the Brain and Behavior Research Foundation, Kinship Foundation, Arnold and Mabel Beckman Foundation, NIH, NSF and the Boone Family Foundation.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240805164427.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Could this new drug turn back the clock on multiple sclerosis? | ScienceDaily
Ten years of work, and a little help from the green mamba snake, has resulted in a promising new drug that is already being tested in clinical trials.


						
Multiple sclerosis (MS) degrades the protective insulation around nerve cells, leaving their axons, which carry electrical impulses, exposed like bare wires. This can cause devastating problems with movement, balance and vision; and without treatment, it can lead to paralysis, loss of independence and a shortened lifespan.

Now, scientists at UC San Francisco and Contineum Therapeutics have developed a drug that spurs the body to replace the lost insulation, which is called myelin. If it works in people, it could be a way to reverse the damage caused by the disease.

The new therapy, called PIPE-307, targets an elusive receptor on certain cells in the brain that prompts them to mature into myelin-producing oligodendrocytes. Once the receptor is blocked, the oligodendrocytes spring into action, wrapping themselves around the axons to form a new myelin sheath.

It was crucial to prove that the receptor, known as M1R, was present on the cells that can repair damaged fibers. Contineum scientist and first author Michael Poon, PhD, figured this out using a toxin found in green mamba snake venom.

The work, which appears Aug. 2 in PNAS, caps a decade of work by UCSF scientists Jonah Chan, PhD, and Ari Green, MD. Chan led the team to discover in 2014 that an obscure antihistamine known as clemastine could induce remyelination, which no one knew was possible.

"Ten years ago, we discovered one way that the body can regenerate its myelin in response to the right molecular signal, winding back the consequences of MS," said Chan, a Debbie and Andy Rachleff Distinguished Professor of Neurology at UCSF and senior author of the paper. "By carefully studying the biology of remyelination, we've developed a precise therapy to activate it -- the first of a new class of MS therapies."

A dirty drug creates a clean opening




The original breakthrough came when Chan invented a method to screen drugs for their ability to instigate remyelination. The screen identified a group drugs, including clemastine, that had one thing in common: they blocked muscarinic receptors.

Clemastine's benefits begin with its effect on oligodendrocyte precursor cells (OPCs). These cells stay dormant in the brain and spinal cord until they sense injured tissue. Then they move in and give rise to oligodendrocytes, which produce myelin.

For some reason during MS, OPCs gather around decaying myelin but fail to rebuild it. Chan figured out that clemastine activated OPCs by blocking muscarinic receptors, enabling the OPCs to mature into myelin-producing oligodendrocytes.

Nerves and their myelin are notoriously hard to repair, whether due to MS, dementia or other injury. Green and Chan carried out a trial of clemastine in patients with MS, and it was a success -- the first time that a drug showed the capacity to restore the myelin lost in MS. Despite being safe to use, however, clemastine was only modestly effective.

"Clemastine is not a targeted drug, affecting several different pathways in the body," said Green, Chief of the Division of Neuroimmunology and Glial Biology in the UCSF Department of Neurology and co-author of the paper. "But from the get-go, we saw that its pharmacology with muscarinic receptors could point us toward the next generation of restorative therapies in MS."

A snake venom toxin illuminates the right target

The researchers continued using clemastine to understand the curative potential of regenerating myelin in MS. They developed a series of tools to monitor remyelination, both in animal models of MS and in MS patients, showing that the benefits seen with clemastine came from remyelination -- and pointing the way for how new drugs should be tested and evaluated.




They also found that clemastine's benefits came from blocking just one of the five muscarinic receptors, M1R, but the effect on M1R was middling, and the drug also affected the other receptors. The ideal drug would need to zero in on M1R.

At this point, the UCSF scientists needed an industry partner to advance the project. Ultimately, Contineum Therapeutics (then known as Pipeline Therapeutics) was formed to take a meticulous approach to creating that ideal drug. Chan and Green helped the company confirm that M1R was the right target for a remyelinating drug, and then make a drug that blocked it exclusively.

Poon, a biologist at Contineum, realized that MT7, a toxin found in the venom of the deadly green mamba snake, could reveal exactly where M1R was in the brain.

"We needed to prove, beyond doubt, that M1R was present in OPCs that were near the damage caused by MS," Poon said. "MT7, which is exquisitely selective for M1R, fit the bill."

Poon used MT7 to engineer a molecular label for M1R that revealed rings of OPCs gathering around damage in a mouse model of MS and in human MS tissue.

Developing a clinic-ready drug

A team of medicinal chemists at Contineum, led by Austin Chen, PhD, then got to work on the drug that Chan and Green envisioned, designing PIPE-307 to potently block M1R and get into the brain.

The researchers tested the effects of the new drug on OPCs grown in petri dishes and the animal models of MS using Chan's and Green's methods for tracking remyelination. PIPE-307 blocked the M1R receptor much better than clemastine; prompted OPCs to mature into oligodendrocytes and begin myelinating nearby axons; and it crossed the blood-brain barrier.

But most tellingly, it reversed the degradation seen in a mouse model of MS.

"A drug might seem to work in these abstract scenarios, affecting the right receptor or cell, but the key finding was actual recovery of nervous system function," Chan said.

In 2021, PIPE-307 passed a Phase I clinical trial, demonstrating its safety. It is currently being tested in MS patients in Phase II.

If it succeeds, it could transform how MS is treated.

"Every patient we diagnose with MS comes in with some degree of pre-existing injury," Green said. "Now we might have a chance to not just stop their disease, but to also heal."
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Forecasting climate's impact on a debilitating disease | ScienceDaily
In Brazil, climate and other human-made environmental changes threaten decades-long efforts to fight a widespread and debilitating parasitic disease. Now, a partnership between researchers from Stanford and Brazil is helping to proactively predict these impacts.


						
Schistosomiasis, spread by freshwater snails, affects more than 200 million people in many tropical regions of the world. It can cause stomach pain and irreversible consequences such as enlarged liver and cancer. Public health officials worry that deforestation, rapid urban sprawl, and changing rainfall patterns -- such as Brazil's devastating May floods -- could dramatically shift the locations where the snails, and therefore the parasite, can thrive.

"With climate change, more frequent and intense rains will impact many diseases here, including schistosomiasis," said Roseli Tuan, a senior researcher at the Sao Paulo Secretariat of Health, where she has conducted schistosomiasis surveillance and research in the state of Sao Paulo, Brazil, for more than 30 years. "Understanding these changes is a necessary area of science for the control of the disease in the future."

Tuan and her Brazilian colleagues have been partnering with Stanford disease ecology researchers to develop models that can predict how the disease risk will shift in response to environmental changes. Their findings were recently published in Nature Communications and PLOS Global Public Health.

"For the first time, we have been able to combine tools like long-term snail surveillance records with satellite imagery that tracks agricultural expansion, the growth of urban areas, and climate at fine resolution across entire countries," said Erin Mordecai, an associate professor of biology in the School of Humanities and Sciences and a global health faculty fellow in the Stanford Center for Innovation in Global Health. "With these tools, we can map how the habitat for schistosomiasis-transmitting snails is changing across Brazil with unprecedented precision that helps us understand where schistosomiasis could appear next." Mordecai co-supervised the work with Giulio DeLeo, who is also a global health faculty fellow and a professor of oceans and of Earth system science in the Stanford Doerr School of Sustainability.

The collaboration has helped epidemiologists and researchers update their paradigms about schistosomiasis in Brazil and prioritize public health interventions considering environmental changes, said Tuan, who has studied the genetics and evolution of the snail vector for schistosomiasis for four decades.

While Brazil has the chance to eliminate schistosomiasis in some parts of the country thanks to improved sanitation and living conditions, climate change and economic disparities threaten progress in other areas, she said.




"These analyses have clearly identified, for the first time, rapidly growing informal settlements both in rural areas or at the outskirts of urban centers as the most likely habitat for the snails as well as potential transmission hotspots for schistosomiasis," said De Leo, who is also the principal investigator of the international team supported by the Belmont Collaborative Forum grant. "They open new opportunities for disease surveillance and interventions that can reduce the risk of schistosomiasis transmission."

Harnessing machine learning to predict future disease risk

In 2021, a Belmont Forum/Sao Paulo Research Foundation grant and Stanford Global Health Seed Grant enabled disease ecology experts from Stanford and Brazil to collaboratively build tools to predict the effects of environmental changes on the disease-spreading snails.

At the heart of this effort is a tool called species distribution modeling. It combines machine learning and remotely sensed data -- such as satellite imagery and large-scale climate models -- to identify all the places where a species could live, based on where it has and hasn't been found in the past. The models can then predict how changes in temperature, rainfall, and urbanization will affect the species' distributions in the future.

And yet, when Aly Singleton, a PhD student in Stanford's Emmett Interdisciplinary Program in Environment and Resources, set out to build such a model for snails, she found little information to help her decide which methodology would be best.

"Despite species distribution models becoming increasingly popular tools, there are still a lot of open questions about how to best build the models," Singleton said. "I wanted to create a resource that could inform our team's efforts and also be useful to researchers using these methods around the world."

Singleton's study compared models using different machine learning methods to see which could most accurately forecast how snail species responded to changes in their environment. She used vast datasets with more than 11,000 records of snail location gathered by Brazilian scientists from 1992 to 2019. Singleton looked at how accurately the models predicted where the snails might be given various changes in climate, hydrology, land use, and soil type. She consulted with local experts, like Roseli Tuan, Antonio Miguel Vieira Monteiro of Brazil's National Institute for Space Research in Sau Paulo, Brazil, and Roberta Lima Caldeira of Fiocruz Minas in Minas Gerais, Brazil, who used their first-hand experience to judge the resulting maps' accuracy.




Singleton said that many of the models performed similarly in terms of accuracy and precision, but they produced very different maps of snail distribution. "It was absolutely critical to have the expert knowledge of people who know the area well and have been in this field for many years to be able to comment on which model they think is better and why," she said.

Some models provided much broader estimates of which areas were favorable to the snails, while others were much more stringent and narrow in their predictions of where the snail might be. Both types of models could be useful under different circumstances, Singleton said. For instance, in a region with more limited resources to address schistosomiasis, the more stringent model could help identify areas to prioritize -- those areas where the snail was almost sure to be found. On the other hand, if a country wished to eliminate schistosomiasis, officials might opt to use the broader model that predicted all possible snail habitats.

Tracking 'a moving target'

The next step was applying Singleton's findings about effective species distribution mapping to better understand how climate and land use change impacted the distribution of snails in Brazil.

Singleton's colleague Caroline Glidden, a senior scientist in the Mordecai Lab, led this research while also a fellow with the Stanford Institute for Human-Centered Artificial Intelligence (Stanford HAI). She found that climate-induced changes -- especially in precipitation patterns -- have driven broad shifts in the snails' range over the last 30 years. Urbanization, meanwhile, has driven more localized changes, such as the emergence of new pockets of habitat suitable to snails in areas that experienced significant population growth.

As rainfall patterns shift and Brazil undergoes rapid land-use change, new areas are expected to become favorable to the snails, which thrive in slow-moving freshwater sources, Glidden said. These include drainage ditches and canals, such as those associated with irrigation on small-scale farms.

"The general trend is that environmental changes don't just expand snail habitat -- they shift the location completely, making schistosomiasis a moving target for public health intervention and control," Glidden said. "Without these analyses, it would be very difficult to aim to eliminate schistosomiasis in Brazil."

Tuan said the research will help public health officials identify priority schistosomiasis elimination zones.

Global impact

Singleton hopes their efforts to identify effective species distribution modeling methods will help researchers beyond Brazil to predict vector-borne and environmentally-mediated disease risks.

"These tools are going to become increasingly valuable as we seek to understand how species populations might change with climate and land use change," she said. "I hope this paper can help scientists new to these methods and be the resource I was looking for at the beginning of this project."

Brazilian collaborator organizations critical to this project included Brazil's National Institute for Spatial Research (INPE) and the Rene Rachou Institute, a unit of the Oswaldo Cruz Foundation (FIOCRUZ Minas). Stanford co-authors not already mentioned include: Andrew Chamberlin, life science research professional, and Susanne H. Sokolow, senior research scientist. Additional co-authors are from the Pasteur Insitute -- Sao Paulo Secretariat of Health, the Rene Rachou Institute, a unit of Oswaldo Cruz Foundation (Fiocruz Minas), Brazil's National Institute for Space Research, Harvard University, and Stony Brook University.

De Leo and Mordecai are also senior fellows at Stanford Woods Institute for the Environment, members of Stanford Bio-X, and faculty affiliates of Stanford HAI.

The project was supported by the Belmont Collaborative Forum on Climate, Environment and Health and The Sao Paulo Research Foundation, FAPESP, along with a 2021 Global Health Seed Grant funded by the Woods Institute for the Environment, Bob & Kathy Burke, and Stanford Center for Innovation in Global Health.
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Preventing Parkinson's disease may lie in seaweed antioxidants | ScienceDaily
Parkinson's disease is a neurodegenerative disease caused by the loss of neurons that produce dopamine, a neurotransmitter involved in motor control and cognitive function. As the global population ages, the number of Parkinson's disease patients is rapidly increasing. Parkinson's disease is induced by neuronal damage due to excessive production of reactive oxygen species.


						
Suppression of reactive oxygen species generation is essential because it is fatal to dopaminergic neurons that manage dopamine neurotransmitters. Currently, only symptomatic treatment is available, so the development of treatment regimens and prevention methods is necessary.

Fortunately, Associate Professor Akiko Kojima-Yuasa of Osaka Metropolitan University's Graduate School of Human Life and Ecology led a research group that has verified the physiological effect of Ecklonia cava polyphenols, seaweed antioxidants, on the prevention of Parkinson's disease.

In this study, two types of motor function tests were conducted using Parkinson's disease model mice that were orally fed the antioxidants daily for one week and then administered rotenone. Results showed that motor function, which was decreased by rotenone, was restored. There was also improvement in intestinal motor function and the colon mucosa structure, a special tissue that covers the colon.

Further, cellular experiments using Parkinson's disease model cells verified the biochemical interaction of the preventive effect of Ecklonia cava. Validation results showed that the antioxidants activate the AMPK enzyme (adenosine monophosphate-activated protein kinase), an intracellular energy sensor, and inhibit the production of reactive oxygen species that cause neuronal cell death.

"This study suggests that Ecklonia cava antioxidants may reduce neuronal damage by AMPK activation and inhibiting intracellular reactive oxygen species production," stated Professor Kojima-Yuasa. "It is hoped that Ecklonia cava will be an effective ingredient in the prevention of Parkinson's disease."
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Scientists create a cell that precludes malignant growth | ScienceDaily
Cell therapies could help in the treatment of hereditary diseases, myocardial infarction and hundreds of other diseases. For many blood diseases, new cells can already be transplanted into human patients, and diabetes has also been treated by transplanting cells obtained through organ donation or, more recently, b-cells modified from the patient's own stem cells.


						
A risk associated with gene-edited cells is unintentional DNA mutations, including those that predispose patients to cancer. Moreover, the difference of tissue types makes it impossible to transfer cells simply from one person to another.

Cells that suit anyone, or immunologically invisible cells, as it were, have been created, but they too are associated with an increased risk of cancer. Over a decade ago, Docent and Clinical Geneticist Kirmo Wartiovaara's research group set out to develop cells where these problems could be avoided. Now, the group has succeeded in producing cells which cannot proliferate unaided and which cannot therefore turn into malignant cells.

The study was published in the Molecular Therapy journal in the field of gene and cell therapy.

"Almost all of our diseases are fundamentally caused by cellular dysfunction. One medical dream is to fight tissue damage, diseases or even aging with new healthy cells. Our study takes us a step closer to safe and novel cell therapies," Wartiovaara says.

A safety system halts cell division

The researchers modified stem cells to divide only if they are supplemented with thymidine, one of the building blocks of DNA. The cells that have been subjected to this safety treatment cannot replicate their genome without the supplementary component vital for DNA synthesis. This precludes their proliferation. When the cells are differentiated for their various tasks, they cease to divide and no longer require the supplement. The innovation has been protected by the University's Helsinki Innovation services (HIS).




Initially, the researchers investigated whether cell growth can be regulated with an externally administered substance. Once successful, they examined whether the cells functioned normally.

"We used stem cells to create insulin-producing b-cells that we then transplanted into laboratory animals. The cells regulated the blood glucose levels of the animals throughout the almost six-month experiment," says Doctoral Researcher Rocio Sartori Maldonado from the University of Helsinki.

"The cells are also able to differentiate into other tissue types as usual, and we have not observed any differences in them other than their inability to proliferate without our say-so," he adds.

A technique that enables safe cell editing

Stem cells are very primitive cells, as they have to be able to divide in abundance and develop in many different directions. They have potential for a range of purposes, but their primitive nature also poses a problem: what if some cells are not differentiated, but continue to grow in a primitive form? According to Wartiovaara, the supervisor of the study, the research group's solution enables the efficient proliferation of cells during production, which can be halted at the desired time, such as following transplantation.

The solution also makes it possible to edit cells without fear of adverse effects of the editing itself. For example, cells can be made into something that the recipient's immune system does not recognise.

"Previously, such cells would have been highly risky, as the immune system also monitors the onset of cancer. Now, that risk is very small or non-existent. Ideally, these cells could be turned into products suited to everyone and, when necessary, quickly deployed," Wartiovaara says.
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State-level, out-of-pocket insulin caps do not substantially increase utilization | ScienceDaily

Approximately one-quarter of patients who use insulin to manage diabetes have reported underuse due to the burden of cost, an issue state-mandated caps sought to alleviate. The study, published in Health Affairs, evaluated the effectiveness with which these caps make insulin available to patients who rely on insulin to manage diabetes.

"What we found was that these caps do not lead to a meaningful increase in insulin use. This is due, in part, to the focus of these caps on patients with commercial insurance coverage subject to state-level oversight," says Kelly E. Anderson, PhD, MPP, assistant professor at the University of Colorado Skaggs School of Pharmacy and Pharmaceutical Sciences and study lead author. "The majority of patients subject to the caps were already paying out-of-pocket costs lower than cap amounts even prior to cap implementation."

Researchers used a difference-in-differences design to evaluate out-of-pocket costs and insulin use for more than 33,000 Type 1 or insulin-using Type 2 diabetes patients enrolled in commercial insurance plans in states that both did and did not have out-of-pocket cap plans in place. Not only did results indicate that these caps did not increase insulin utilization over time, but even the most generous caps ($25 -- $35) were not effectively being utilized, in part because most commercial enrollees were paying out-of-pocket costs below the mandated caps.

Anderson says these study results can be helpful in informing more effective policies. "As the current administration is proposing to expand commercial out-of-market caps nationwide, it would be beneficial to better assess which populations are struggling the most with insulin affordability," Anderson says. "The administration has capped insulin out-of-pocket costs for Medicare beneficiaries. Focusing additional caps on patients who are struggling with insulin affordability, such as the uninsured or those in high-deductible health plans, may be more beneficial than a nationwide cap for all commercial enrollees.

"Additionally, expanding cap policies to include additional classes of medications that are often more expensive, such as GLP-1s and SGLT-2s, could help improve affordability for additional patients. While a majority of Type 1 diabetes patients use insulin to manage blood sugar, only 20-30% of Type 2 diabetes patients do, and considering other management tools could significantly increase patients served by these policies."
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Natural bacteria compound offers safe skin lightening | ScienceDaily
Melanin protects the skin -- the body's largest organ and a vital component of the immune system -- from the damaging effects of ultraviolet (UV) radiation. When the skin is exposed to UV radiation, melanin production is stimulated in melanocytes, with tyrosinase playing a key role in the biosynthetic pathway. However, disruptions in this pathway caused by UV exposure or aging can lead to excess melanin accumulation, resulting in hyperpigmentation. To address this, tyrosinase inhibitors that suppress melanin synthesis have become valuable in the cosmetic industry. Unfortunately, some of these compounds, such as hydroquinone, have been found to be toxic to human skin, causing issues like vitiligo-like symptoms and rashes. Consequently, hydroquinone is no longer recommended for use.


						
The increasing demand for safer alternatives has sparked a race to discover tyrosinase inhibitors from microbes that produce compounds with low toxicity. Recently, researchers at Tokyo University of Science (TUS) identified a promising tyrosinase inhibitor from Corynebacterium tuberculostearicum (C. tuberculostearicum), a bacterium commonly found on human skin. The study, led by Assistant Professor Yuuki Furuyama from the Department of Applied Bioscience at TUS, was published in the International Journal of Molecular Sciences on July 4, 2024. Co-authors Ms. Yuika Sekino and Prof. Kouji Kuramochi, also from TUS, contributed to the findings. Dr. Furuyama elaborated on their approach: "Bacteria that reside on our skin and evade immune responses often become commensals, neither benefiting nor harming us. We chose to investigate metabolites produced by these commensal bacteria for their potential as tyrosinase inhibitors. These natural skin-derived products exhibit low toxicity, making them inherently safer."

After screening over 100 skin-derived bacteria, the team identified C. tuberculostearicum as a producer of a potent tyrosinase-inactivating compound. Their assays utilized tyrosinase from the mushroom Agaricus bisporus to confirm inhibition. Subsequent experiments pinpointed the active compound as cyclo(L-Pro-L-Tyr). The researchers then conducted three-dimensional (3D) docking simulations to elucidate how cyclo(L-Pro-L-Tyr) functions.

"Our goal was to understand how cyclo(L-Pro-L-Tyr) disrupts tyrosinase activity," explained Dr. Furuyama. "In melanin biosynthesis, tyrosinase initially converts L-tyrosine (L-Tyr) to dihydroxyphenylalanine (DOPA) quinone, which then transforms into DOPA chrome. Ultimately, DOPA chrome polymerizes to produce melanin. Our findings revealed that cyclo(L-Pro-L-Tyr) mimics L-Tyr, binding to and obstructing the substrate-binding pocket of mushroom tyrosinase. This interference renders the enzyme inactive." Dr. Furuyama emphasized the significance of their discovery: "Our study is the first to identify and elucidate the mechanism of a tyrosinase inhibitor derived from a skin bacterium."

The team is highly optimistic about the potential of their discovery. Scientific literature supports the non-toxic nature of cyclo(L-Pro-L-Tyr) to human cells, underscoring its suitability as a skin probiotic for combating hyperpigmentation. Moreover, the metabolite exhibits additional beneficial properties such as antimicrobial, antioxidant, and anticancer activities, further enhancing its therapeutic potential across various applications. Of particular interest is the team's success in extracting substantial quantities of cyclo(L-Pro-L-Tyr) from C. tuberculostearicum, paving the way for potential industrial-scale production. This capability is crucial for ensuring the financial feasibility of manufacturing active ingredients on a large scale.

Despite the promising outlook, Dr. Furuyama acknowledges that there are significant hurdles to overcome before these natural active ingredients can reach consumer shelves. He emphasizes the need for extensive research to precede the widespread adoption of cyclo(L-Pro-L-Tyr) in cosmetics. "Before cyclo(L-Pro-L-Tyr) can be widely used further studies are essential. Testing with human tyrosinase, which differs structurally from mushroom tyrosinase, is crucial. Detailed analyses of its mechanisms of action are also necessary to ensure efficacy and safety," explains Dr. Furuyama.

In essence, while the potential is considerable, thorough scientific validation and understanding are prerequisites for the eventual application of cyclo(L-Pro-L-Tyr) in skincare products.
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Why virus causing cold sores does not spread to devastating brain infection | ScienceDaily
More than half of us are carriers of chronic herpesvirus infections.


						
But even though the herpesvirus can infect our nerve cells, it rarely causes serious infection of the brain. Researchers from Aarhus University have now discovered a key element of the explanation.

The researchers have discovered a previously unknown defence mechanism in the body that is the reason why herpes infection causes a serious and potentially fatal brain inflammation in only one out of 250,000 cases. The study has recently been published in the scientific journal Nature.

"The study has exciting perspectives because it gives us a better understanding of how the brain defends itself against viral infections," says Professor Soren Riis Paludan from the Department of Biomedicine at Aarhus University. He is the article's last author, a Lundbeck Foundation Professor and centre director of the Excellence Centre CiViA.

"We've discovered how our body prevents herpesvirus from entering into the brain, even though 50-80% of us are chronically infected with this particular virus. The idea behind CiViA is that we want to understand how the body fights infections without harming itself at the same time. The mechanism we've found doesn't cause inflammatory reactions," he says.

The answer lies in the protective TMEFF1 gene.

The brain uses a novel mechanism to keep the virus out

Many years of experimenting with the genome-wide CRISPR screening technology and development of mice that lacked the critical gene have finally convinced the researchers that TMEFF1 produces a protein that prevents herpesvirus from entering into nerve cells.




The study in Nature is accompanied by another article describing two patients with brain inflammation caused by herpesvirus infection, called herpes encephalitic. In a collaborative study led by researchers in New York, the research group in Aarhus discovered that two children who developed herpes encephalitis were carrying a genetic defect that disabled the protective TMEFF1 gene.

"The new study is groundbreaking because it updates the basic understanding of immunity against viral infections," explains Soren Riis Paludan.

"This is interesting for immunologists because it illustrates that there are still many immunological mechanisms in the brain that we don't know about. "The study is also relevant for neuroscience because it sheds light on how the brain, so to say, prevents unwanted visitors from intruding without causing harm to the brain itself, i.e. the neuronal cells," he says.

May provide a better understanding of Alzheimer's

Soren Riis Paludan hopes that the study is the first step towards revealing a completely new range of brain defence mechanisms. One of the tracks that the researchers will now investigate is what the discovery may mean for the development of dementia.

Research has already demonstrated a correlation between infection with herpesviruses and later development of Alzheimer's disease.

"Perhaps our discovery of a new antiviral mechanism in the brain can help to clarify whether individual differences in this particular mechanism or similar mechanisms can give the virus access to the brain and accelerate neurodegenerative processes," says Soren Riis Paludan.
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Sometimes it hurts to think | ScienceDaily
If somebody complains that it hurts to think, they may be onto something, as mental exertion appears to be associated with unpleasant feelings in many situations, according to research published by the American Psychological Association.


						
"Managers often encourage employees, and teachers often encourage students, to exert mental effort. On the surface, this seems to work well: Employees and students do often opt for mentally challenging activities," said senior author Erik Bijleveld, PhD, of Radboud University. "From this, you may be tempted to conclude that employees and students tend to enjoy thinking hard. Our results suggest that this conclusion would be false: In general, people really dislike mental effort."

The research was published in the journal Psychological Bulletin.

Researchers conducted a meta-analysis of 170 studies, published between 2019 and 2020 and comprising 4,670 participants, to examine how people generally experience mental effort. They did so by testing whether mental effort is associated with unpleasant feelings and whether that association depends on the task or the population involved.

The studies used a variety of participants (e.g., health care employees, military employees, amateur athletes, college students) from 29 countries and involved 358 different cognitive tasks (e.g., learning a new technology, finding one's way around an unfamiliar environment, practicing golf swings, playing a virtual reality game). In all studies analyzed, participants reported the level of effort they exerted as well as the extent to which they experienced unpleasant feelings such as frustration, irritation, stress or annoyance.

Across all populations and tasks, the greater the mental effort, the greater the unpleasantness experienced by participants.

"Our findings show that mental effort feels unpleasant across a wide range of populations and tasks," said Bijleveld. "This is important for professionals, such as engineers and educators, to keep in mind when designing tasks, tools, interfaces, apps, materials or instructions. When people are required to exert substantial mental effort, you need to make sure to support or reward them for their effort."

One interesting finding, according to Bijleveld, was that while the association between mental effort and adverse feelings was still significant, it was less pronounced in studies conducted in Asian countries compared with those in Europe or North America. This fits with the general idea that the aversiveness of mental effort may depend on people's learning history. High school students in Asian countries tend to spend more time on schoolwork than their European or North American counterparts and may therefore learn to withstand higher levels of mental exertion early on in their lives, he said.

More important is the real-world observation that despite the aversive nature of mentally challenging tasks, people still voluntarily engage in them, said Bijleveld.

"For example, why do millions of people play chess? People may learn that exerting mental effort in some specific activities is likely to lead to reward. If the benefits of chess outweigh the costs, people may choose to play chess, and even self-report that they enjoy chess," he said. "Yet, when people choose to pursue mentally effortful activities, this should not be taken as an indication that they enjoy mental effort per se. Perhaps people choose mentally effortful activities despite the effort, not because of it."
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AI for mental health screening may carry biases based on gender, race | ScienceDaily
Some artificial intelligence tools for health care may get confused by the ways people of different genders and races talk, according to a new study led by CU Boulder computer scientist Theodora Chaspari.


						
The study hinges on a, perhaps unspoken, reality of human society: Not everyone talks the same. Women, for example, tend to speak at a higher pitch than men, while similar differences can pop up between, say, white and Black speakers.

Now, researchers have found that those natural variations could confound algorithms that screen humans for mental health concerns like anxiety or depression. The results add to a growing body of research showing that AI, just like people, can make assumptions based on race or gender.

"If AI isn't trained well, or doesn't include enough representative data, it can propagate these human or societal biases," said Chaspari, associate professor in the Department of Computer Science.

She and her colleagues published their findings July 24 in the journal Frontiers in Digital Health.

Chaspari noted that AI could be a promising technology in the healthcare world. Finely tuned algorithms can sift through recordings of people speaking, searching for subtle changes in the way they talk that could indicate underlying mental health concerns.

But those tools have to perform consistently for patients from many demographic groups, the computer scientist said. To find out if AI is up to the task, the researchers fed audio samples of real humans into a common set of machine learning algorithms. The results raised a few red flags: The AI tools, for example, seemed to underdiagnose women who were at risk of depression more than men -- an outcome that, in the real world, could keep people from getting the care they need.




"With artificial intelligence, we can identify these fine-grained patterns that humans can't always perceive," said Chaspari, who conducted the work as a faculty member at Texas A&M University. "However, while there is this opportunity, there is also a lot of risk."

Speech and emotions

She added that the way humans talk can be a powerful window into their underlying emotions and wellbeing -- something that poets and playwrights have long known.

Research suggests that people diagnosed with clinical depression often speak more softly and in more of a monotone than others. People with anxiety disorders, meanwhile, tend to talk with a higher pitch and with more "jitter," a measurement of the breathiness in speech.

"We know that speech is very much influenced by one's anatomy," Chaspari said. "For depression, there have been some studies showing changes in the way vibrations in the vocal folds happen, or even in how the voice is modulated by the vocal tract."

Over the years, scientists have developed AI tools to look for just those kinds of changes.




Chaspari and her colleagues decided to put the algorithms under the microscope. To do that, the team drew on recordings of humans talking in a range of scenarios: In one, people had to give a 10 to 15 minute talk to a group of strangers. In another, men and women talked for a longer time in a setting similar to a doctor's visit. In both cases, the speakers separately filled out questionnaires about their mental health. The study included Michael Yang and Abd-Allah El-Attar, undergraduate students at Texas A&M.

Fixing biases

The results seemed to be all over the place.

In the public speaking recordings, for example, the Latino participants reported that they felt a lot more nervous on average than the white or Black speakers. The AI, however, failed to detect that heightened anxiety. In the second experiment, the algorithms also flagged equal numbers of men and women as being at risk of depression. In reality, the female speakers had experienced symptoms of depression at much higher rates.

Chaspari noted that the team's results are just a first step. The researchers will need to analyze recordings of a lot more people from a wide range of demographic groups before they can understand why the AI fumbled in certain cases -- and how to fix those biases.

But, she said, the study is a sign that AI developers should proceed with caution before bringing AI tools into the medical world:

"If we think that an algorithm actually underestimates depression for a specific group, this is something we need to inform clinicians about."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240805134143.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Dance, dance revolution: Research shows dance and movement therapy can increase emotional and social intelligence in middle school students | ScienceDaily
Bullying is the most common manifestation of violence in schools. With globalization and immigration increasing classroom diversity in schools across the United States, ethnic bullying -- bullying that targets another's ethnic background or cultural identity, including racial taunts/slurs and insulting references to culturally specific customs, foods, clothing, and accents and as well as exclusion from peer groups -- has increased.


						
Nalini Prakash, PhD, an assistant clinical professor in Drexel University's College of Nursing and Health Professions, developed a specialized dance and movement therapy (DMT) program to meet the unique needs of youth from diverse racial and ethnic backgrounds to foster a sense of community and connection. This research is the first to address ethnic bullying through DMT.

Recently published in Social Sciences & Humanities Open, qualitative results showed DMT had a positive impact on empathy, peer relationships and cultural self-efficacy scores.

"Although the quantitative data did not show any significant increase or decrease in empathy, peer relationships, and cultural self-efficacy scores over time, participants reported that DMT fostered empathy, positive peer relationships, and cultural self-efficacy within cross-cultural contexts," said Nalini.

She added that participants noted improvements in intra- and interpersonal connections, increased emotional and social intelligence including empathy, and improved cross-cultural peer relationships, and participants achieved greater multicultural awareness, an understanding of different worldviews, and an openness to others who were different from themselves.

"Participants also reported being able to integrate the skills learned from the program into their everyday lives," said Nalini. "This validates the efforts of dance/movement therapists, like myself, who consistently strive for these results with clients."

Nalini's research focuses on violence prevention and examines the impact of dance/movement therapy (DMT) on interpersonal development, empathy, peer relationships, and cultural self-efficacy among racially and ethnically diverse middle school students, particularly in the context of ethnic bullying.




Students in three racially and ethnically diverse middle schools in the Washington D.C. and Philadelphia areas, including private, public, and charter schools, participated in 10 weekly, 50-minute dance and movement therapy sessions. The students provided qualitative feedback at the end of each session and participated in interviews when the program ended to share their experiences.

The sessions included activities related to the weekly theme designed to support empathy and relationship building. Music was selected based on the theme of the session or on the preferences of the participants.

Sessions started with a verbal check-in supported by movement representing participants' current mood, followed by a semi-structured warm-up, a main activity including creative/expressive movement interactions, and ended with a cool down and group discussion.
    	Week 1 "Getting to know each other" activities included introductions using verbal and gestural cultural greetings and creation of group safety rules.
    	Week 2 "Body awareness" activities included body scan and embodying rhythm of the drum to bring awareness to bodily sensations.
    	Week 3 "Self-compassion" activities included loving kindness meditation and building self-confidence through movement to enhance self-compassion.
    	Week 4 "Understanding my emotions" activities included emotions charades, freeze dance, and the 4 B's of self-settling (Brakes, Breathe, Brain, Body) to enhance emotional awareness and emotional regulation.
    	Week 5 "Spatial awareness" activities included establishing individual space bubbles to bring awareness to the use of space in relation to others.
    	Week 6 "Reaching out, making connections" activities included embodied self-expression and mirroring movement in pairs to build connections.
    	Week 7 "Understanding emotional expression of others" activities included mirroring each other's emotions and having an embodied conversation to enhance emotional understanding of others.
    	Week 8 "Respectful exchanges" activities included group dance choreography using rhythm and music to enhance respectful communication.
    	Week 9 "Compassion in action/finding common ground" activities included creative movement in groups, flocking like birds, and loving kindness meditation to build compassion for others.
    	Week 10 "Mutual support" activities included dancing down the path of encouragement with peer support and building a group sculpture to encourage mutual support.

Student participants completed the surveys assessing empathy, peer relationships and cultural self-efficacy at weeks 1, 5 and 10. Survey results were analyzed to examine any changes in empathy, peer relationships and cultural self-efficacy over the 10 weeks.

"Key elements of DMT such as mirroring or empathic movement reflection, and rhythmic movement likely played an important role in developing group cohesion among the participants, resulting in positive psychosocial outcomes," said Nalini. "This study enhances existing research in the fields of DMT and education, particularly in violence prevention programs that target bullying."

She noted that the findings provide a foundation for dance/movement therapists to inform their clinical practice and future research with this population. Additionally, since movement is the primary form of nonverbal communication, DMT can be particularly effective in diverse school settings where cultural differences and language barriers impede socialization.




"Incorporating embodied and creative arts-based approaches such as DMT into school-based violence prevention programs across the U.S. could strengthen these initiatives by offering nonverbal and creative methods to cultivate empathy and build positive cross-cultural peer relationships," said Nalini.

The COVID-19 pandemic posed a significant challenge to the recruitment and execution of the study by limiting the recruitment process to a small sample and reducing the program length from 12 to 10 weeks. Nalini hopes this study inspires additional research with larger sample sizes and extended program duration, and including a control group in future studies that could strengthen the validity of the findings.

"I hope school systems will incorporate DMT on a weekly basis throughout the school year as requested by the participants," said Nalini.

According to participant feedback, the program not only supported their psychosocial and emotional learning but also helped alleviate academic stress, enabling better concentration in the classroom. Nalini said regular inclusion of DMT in schools could offer students a unique opportunity to explore cross-cultural peer relationships through dance and movement while enhancing their psychosocial and academic skills.
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Ultrafine particles linked to over 1,000 deaths per year in Canada's two largest cities | ScienceDaily
A first-of-its kind study conducted in Canada's two largest cities by McGill-led researchers has linked about 1,100 premature deaths per year to an unregulated air pollutant.


						
Ultrafine particles (UFPs) primarily come from vehicle emissions and industrial activities. Canada's federal and provincial governments have not set concentration limits for UFPs, as they have for larger fine particles known as PM2.5.

"Ultrafine particles are incredibly small, allowing them to penetrate deep into the lungs and enter the bloodstream. Increasing evidence suggests these pollutants may contribute to heart and lung diseases, as well as certain forms of cancer," said Principal Investigator Scott Weichenthal, an Associate Professor in McGill's Department of Epidemiology, Biostatistics, and Occupational Health. "However, until now, studies have not examined the impacts of UFPs on mortality in Canada."

High-tech tools detect deadly pollution

The research team tracked air-pollution levels from 2001 to 2016 in neighbourhoods in Montreal and Toronto that were home to 1.5 million adults. Using state-of-the-art models that combine machine learning methods with ground-level measurements, land use information and aerial images, the researchers estimated how many of the tiny particles were in the air at various times. Then, they used statistical methods to calculate the connection between exposure and the risk of death.

The findings, published in the American Journal of Respiratory and Critical Care Medicine, associate long-term exposure to UFPs with a 7.3 per cent increase in the risk of non-accidental death. Respiratory deaths saw the highest increase, at 17.4 per cent, followed by a 9.4 per cent rise in deaths from coronary artery disease.

Weichenthal said the size of particles is important when assessing their health impacts.




"Previous studies that did not take particle size into account might have missed or underestimated the serious health risks associated with them," he added.

A call for clean air

The researchers said environmental regulations have successfully reduced air pollution in North America, but ultrafine particles are slipping through the regulatory cracks. In New York, UFP levels have risen, even as PM2.5 levels dropped.

"Our research shows a clear link between long-term UFP exposures and increased mortality risk, underscoring the urgent need for regulatory actions targeting these particles," said Weichenthal. "As urban areas continue to grow, addressing air pollution is increasingly crucial for the health and well-being of city dwellers."

The study, a collaboration between McGill University, the University of Toronto, Carleton University, the University of Ottawa, Health Canada and Statistics Canada, was funded by the United States Health Effects Institute.
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Honey added to yogurt supports probiotic cultures for digestive health | ScienceDaily
If you enjoy a bowl of plain yogurt in the morning, adding a spoonful of honey is a delicious way to sweeten your favorite breakfast food. It also supports the probiotic cultures in the popular fermented dairy product, according to two new studies from the University of Illinois Urbana-Champaign.


						
"We were interested in the culinary pairing of yogurt and honey, which is common in the Mediterranean diet, and how it impacts the gastrointestinal microbiome," said Hannah Holscher, associate professor in the Department of Food Science and Human Nutrition, part of the College of Agricultural, Consumer and Environmental Sciences at Illinois. She is a co-author of the two studies, which are both published in The Journal of Nutrition.

Greek yogurt and other yogurts contain probiotic strains such as Bifidobacterium animalis in addition to conventional yogurt starter cultures. Consumption of certain probiotics can promote digestive health and regular bowel movements, and it can have a positive effect on mood and cognition.

"The enzymes in our mouth, stomach, and intestines help with digestion and facilitate nutrient absorption, but they also reduce the viability of microbes. That's great when it's pathogens but not necessarily when it comes to beneficial bacteria," Holscher said. "We wanted to see if honey could help probiotic bacteria survive in the gut."

In the first study, the researchers conducted a laboratory experiment where they tested the effect of four different kinds of honey (alfalfa, buckwheat, clover, and orange blossom) on the viability of B. animalis in yogurt through simulated digestion processes. They grew microbes in petri dishes with solutions that mimicked the composition of saliva, stomach acid, intestinal bile, and enzymes.

For the saliva and stomach fluids, there were no differences in B. animalis survival between any of the honey varietals and control treatments of yogurt mixed with sugar or water. However, yogurt with honey -- particularly the clover varietal -- helped support the survival of probiotics in the intestinal phase of digestion.

Next, the researchers wanted to test their findings in a clinical study. They recruited 66 healthy adults and asked them to consume two different items for two weeks each -- yogurt with clover honey and pasteurized, heat-treated yogurt. The participants provided stool samples and information about their bowel movements. They also filled out questionnaires and completed tasks evaluating their mood, cognition, and overall well-being.




"Our findings showed that pairing honey with yogurt supported the survival of the yogurt's probiotic bacteria in the gut, so the lab study results did translate to real-world application in humans," Holscher stated.

However, there were no changes in intestinal transit time, bowel movement frequency, or any of the mood and cognition measures. Holscher said this is likely because the participants already were healthy adults with regular bowel movements, so there wasn't a lot of room for improvement.

The researchers also conducted a smaller follow-up study with 36 participants who consumed a third food item, yogurt with sugar. When the researchers compared the results of all three conditions, the combination of yogurt with honey preserved the most probiotics, but there were no effects on the health measures.

"We found that one tablespoon of honey in a serving of yogurt helps support probiotic survival. However, we have to keep in mind that honey is an added sugar, and most Americans need to be cognizant of the amount of sugar in their diet to maintain a healthy body weight," she stated. "But adding a little bit of honey to unsweetened yogurt is a nice culinary pairing to incorporate into your menu rotation."

You can also add toppings to make a yogurt parfait and support gut health and the microbiome by getting more fiber in your diet. For example, you can add berries and seeds, or nuts, and drizzle a bit of honey on top, Holscher suggested.
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Tradition meets transformation for Maasai women | ScienceDaily
Few communities reveal both the challenges and opportunities presented by cultural globalism more than Maasai communities in northern Tanzania. Traditionally pastoralists, the Maasai ethnic group's social structure is historically patriarchal, with a man's prestige measured by the size of his family and by the livestock he owns.


						
The shrinking world has brought change: Urban centers and the promise of jobs are luring young Maasai from communities, and new technologies such as mobile phones are shifting social patterns and structures that go back generations. Even the East African landscape where the Maasai have traditionally grazed their cattle is altered. Dences protect agriculture efforts on lands where cattle previously grazed, and a nomadic life that relies on common land is rapidly ceding to western notions of individual ownership.

Virginia Tech Associate Professor Tim Baird is exploring the dimensions of change and empowerment that women in Maasai households are experiencing. A new paper in the Journal of Rural Studies reveals that newer livelihood activities are providing Maasai women more access to decision-making in households.

"Livelihood diversification is the foundation from which much of the change in these Maasai communities has grown," said Baird, who teaches in the College of Natural Resources and Environment's Department of Geography. "But Maasai still maintain a strong sense of identity centered on livestock."

To explore pathways to empowerment for women, Baird and his colleagues focused on the decision-making processes within households to understand how the shifting world has impacted the lived experiences of Maasai women.

Through interviews and surveys of women and men in Maasai households, researchers identified 10 broad decision types households face, on subjects including agriculture, children's education and health, local travel, and domestic tasks. The researchers also examined how issues such as land tenure, sons' reputation, and participation in small community groups can impact women's access to household decisions.

This research contributes to the United Nation's Sustainable Development Goal of Gender Equality, which seeks to empower decision-making for women and girls.




Key findings
    	Changing pastoral livelihoods leading to new decision-making opportunities for Maasai women. Women are gaining new opportunities for empowerment in areas such as income generation, access to education, and health care.
    	Group membership and formal education are critical positive factors. Women's access to education and participation in formal community groups are strongly correlated with greater access to decision-making.
    	Access to land and decision making is a complex challenge. While having formal title to agricultural land shows positive links to empowerment, mere access to land without title can reduce decision-making capacities for women.
    	Maasai women still have limited access to traditional decisions. Considerations over livestock management and the marriage of children still remains limited for women, suggesting that traditional patriarchal structures still constrain decision-making in some dimensions of Maasai life.

Overall, the paper's finding underscore the value that education, secure land tenure, and community support have for women's empowerment while also revealing the multiple dimensions that influence, support, and also limit decision-making access for Maasai women in a rapidly changing East Africa.

Researchers conduct a group interview about mobile phone use and empowerment with Maasai women in northern Tanzania in 2018: (from left) research assistant Felista Terta, lead researcher Kelly Summers, and research assistant Naomi Peter. Photo by Timothy Baird for Virginia Tech.

Such finding reveal that change is not a one-directional process, but rather an iterative process where change has the capacity to both expand opportunities for women and also preserving a way of life that has sustained the Maasai for centuries.

"If you observe how the Maasai have embraced the new, whether it is agriculture or the market system, they have often done so in service of preserving their old traditions," said Baird. "They can embrace the new as a way of preserving the past. But change also breeds change and women are leveraging this."

Looking ahead, Baird is looking to study how inter-generational inheritance, traditionally centered on livestock, is evolving to incorporate agricultural land. He notes that studying groups like the Maasai can provide insights on how difference cultures and communities adapt and adjust in a changing world.

"These are vulnerable people: they are poor and they live in a challenging environment," said Baird. "But pastoralists like the Maasai are resilient and able to adapt. As the world becomes more dynamic and more vulnerable, each of us should be looking for wards to be adaptive and resilient, and Maasai have much to teach us."
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Improved chemokine homing enhances CAR T--cell therapy for osteosarcoma | ScienceDaily
Chimeric antigen receptor (CAR) T-cell immunotherapy re-engineers a patient's immune cells to target cancer cells. While successful in some types of leukemia, the approach has yet to realize its potential against pediatric solid tumors. Scientists at St. Jude Children's Research Hospital have identified a way to improve CAR T-cell homing -- a T cell's ability to navigate effectively to a tumor -- for osteosarcoma. Improved homing is a necessary step in designing more successful CAR T-cell therapies. The results were published today in Clinical Cancer Research, a journal of the American Association for Cancer Research.


						
Osteosarcoma is the most common type of bone cancer in children and teens. It typically starts in the wide ends of long bones, such as the legs, but can also occur in other bones, such as the pelvis and skull. Approximately 15-20% of patients with osteosarcoma already have metastatic disease when they are diagnosed, and less than 20% of those with metastatic or relapsed disease survive beyond three years.

Treatment for osteosarcoma includes surgery and chemotherapy -- approaches that have been a mainstay of care for over 50 years. This underscores the need for novel, more modern therapeutic approaches such as immunotherapy. However, solid tumors present additional challenges that any CAR T-cell technology must overcome to succeed.

"Solid tumors are just that, solid -- these are hard, dense masses which are difficult for immune cells to penetrate," said first and corresponding author Lindsay Talbot, MD, St. Jude Department of Surgery. "For immunotherapy to work for solid tumors we need to attract T cells to the tumor, help them penetrate it and keep them there to generate a prolonged response."

Talbot and her colleagues focused on the first step: homing.

Unique chemokines help T cells home to cancer

Imagine a dog that wants to find their favorite bone, lost somewhere in the backyard -- they would use their nose to track the scent of the bone to its location. A T cell is like the dog, the bone is like a tumor and the scent the bone emits is like a chemokine. Chemokines are proteins secreted by cells in the body, such as tumor cells, to attract immune cells. Homing happens when the bone's scent reaches the dog -- it will zero in on the bone's location and go there. However, T cells' "noses" often cannot pick up the scent of cancer cells, i.e., T cells do not express the receptors, which recognize the chemokines secreted by tumors. T-cell engineering can overcome this chemokine/chemokine receptor mismatch.




There are approximately 50 chemokines and 20 chemokine receptors in humans. To improve CAR T-cell homing to osteosarcoma, the researchers had to first determine which chemokines are expressed by that particular cancer type.

"We used patient specimens gathered after surgery to guide us to which chemokines to target in osteosarcoma, agnostically screening for the ones produced by the tumor -- that's as close to what occurs inside a patient as we can get," explained Talbot, an active surgeon at St. Jude. "When you combine that with gene expression data, you get very robust results about which chemokines are important for a specific type of cancer."

Using this approach, the researchers identified two chemokines, CXCL8 and CXCL16, secreted by osteosarcoma. However, CAR T cells do not express the receptors for these chemokines.

A first step toward realizing immunotherapy for osteosarcoma

Having identified this chemokine/chemokine receptor mismatch, the researchers modified CAR T cells targeting the osteosarcoma antigen B7-H3 to express the receptors (CXCR2 or CXCR6) for the identified chemokines. They evaluated the homing kinetics (movement) and efficiency of the modified cells -- testing their ability to find and infiltrate osteosarcoma. The researchers found that the engineered cells behaved differently. Those expressing CXCR2 quickly homed and arrived at the tumor but plateaued in their activity early. Those expressing CXCR6 took a little longer to home, but similarly plateaued. Notably, the researchers observed prolonged survival in a model of metastatic disease using the CXCR2 or CXCR6 modified B7-H3-CAR T cells compared to unmodified B7-H3-CAR T cells.

"We haven't changed anything about how the T cells kill the tumor cells; what we've changed is how well they get to the tumor, and that has implications for specificity and toxicity," said Talbot. "But the work isn't over, and I'm very excited about the opportunity to continue making strides toward solid tumor immunotherapy with this platform."

Looking ahead, paper author Christopher DeRenzo, MD, MBA, St. Jude Department of Bone Marrow Transplantation & Cellular Therapy, reflects on the findings' clinical implications. "Immunotherapy has tremendous potential as a treatment for cancer, but there is still a lot of work to be done to realize that potential in pediatric solid tumors. Improving CAR T cells to better home to osteosarcoma is an exciting advance, so we are working on connecting laboratory discoveries like this with what we can do for patients through clinical trials."




Stephen Gottschalk, MD, St. Jude Department of Bone Marrow Transplantation & Cellular Therapy chair and an author on the paper, sums up the works' implications, "By devising a strategy to increase the homing of CAR T cells to osteosarcoma sites, Dr. Talbot and her team were able to demonstrate that these cells have improved anti-tumor activity in preclinical models." He adds, "Based on these findings, we are committed to translating these 'improved osteosarcoma finder' CAR T cells into early phase clinical testing."

Authors and funding

The study's other authors are Ashley Chabot, Aaron Ross, Alexandra Beckett, Phuong Nguyen, Andrew Fleming, Peter Chockley, Heather Shepphard and Jian Wang, all of St. Jude

The study was supported by the Rally Foundation (20YIN44 and 21YIC21), the Assissi Foundation of Memphis (94-000R21), the National Cancer Institute Early-Stage Surgeon Scientist Program (3P30CA021765043S1) and ALSAC, the fundraising and awareness organization of St. Jude.
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New safety checklist aims to prevent side effects in patients with arthritis | ScienceDaily
Inappropriate prescription of an antirheumatic drug for an unsuitable patient can lead to severe side effects such as intestinal perforations, blood clots, heart failure, or liver damage.


						
To address this issue, researchers from the Department of Biomedicine at Aarhus University and the Rheumatology Department at the University Clinic for Innovative Patient Pathways in Silkeborg have developed a comprehensive safety checklist for the newer medications used in treating rheumatic diseases.

"With the increasing number of medications on the market, it becomes more challenging for healthcare professionals to make prescriptions without risking serious side effects," explains Associate Professor Tue Wenzel Kragstrup, one of the researchers behind the study and article recently published in the medical journal Drug Safety.

The article presents the checklist designed to help prevent patients from receiving medications they cannot tolerate.

"With over 20 antirheumatic drugs, each with up to 10 specific contraindications or precautions, there is an urgent need for advanced support tools to assist doctors and pharmacists in navigating the medical landscape," adds Tue Kragstrup.

The checklist enables doctors to quickly determine if a patient has comorbidities that limit the use of certain medications.

The principles can be applied across other disease areas

This checklist is the first of its kind, created by analyzing all available patient information leaflets and international treatment guidelines in Europe and the USA. It is based on data from both the European Medicines Agency (EMA) and the Food and Drug Administration (FDA) in the USA.




Primarily intended for doctors prescribing medications to patients with rheumatic diseases, the study is also relevant to other doctors and patients as it highlights the risks associated with medical treatments and the need for tools to improve prescription safety in general. Dr. Lykke Skaarup, one of the researchers behind the data extraction in the study, explains.

"The principles behind the checklist can be applied across other disease areas because we have documented a method to systematically identify contraindications and precautions for a group of medications," she says.

For example, similar checklists could be created for antihypertensive drugs, migraine medications, or cholesterol-lowering drugs using the same approach.

The study has made a wide range of medication information clear, accessible, and user-friendly, enabling doctors to make more informed decisions. Consequently, they can reduce the risk of side effects and enhance patient safety for those treated for inflammatory rheumatic diseases, both now and in the future.

Tue Wenzel Kragstrup notes that the results align with previous studies highlighting the need for better medication safety.

"We hope our work can contribute to safer and more effective treatment of rheumatic diseases," he says.

The checklist will, of course, need to be continuously updated with new research and the latest reported side effects. The researchers are already working on implementing AI-driven support tools to handle much of this task.
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What researchers know about the genetic complexity of schizophrenia, to date | ScienceDaily
Patrick Sullivan, MD, FRANZCP, the Yeargan Distinguished Professor of Psychiatry and Genetics at the UNC School of Medicine, and researchers at the Karolinska Institutet in Stockholm, Sweden, have developed a comprehensive outline of the genetics of schizophrenia. The review was published in Nature Reviews Neuroscience.


						
Schizophrenia is a neuropsychiatric disorder featuring recurrent episodes of psychosis -- such as hallucinations, delusions, and disorganized thinking -- with many patients developing apathy, social withdrawal, and poor emotional control as a result.

Because schizophrenia has been known to run in families for centuries, researchers have turned to genetic testing and analyses to identify risk factors for the condition. Recent genomic research on schizophrenia has identified nearly 300 common genetic variants and over 20 rare variants as significant risk factors for the disorder.

These discoveries have emerged from extensive genome-wide association studies, whole-exome sequencing, and other analyses. Simultaneously, studies of the functional organization of the brain have shed light on the intricate cellular composition and interconnections of the brain in both neurotypical individuals and those with schizophrenia.

These findings reveal a surprising complexity in the mechanisms underlying schizophrenia, emphasizing the role of multiple genes rather than single-gene causation. This "polygenicity" highlights a mechanism that remains challenging to fully understand due to the lack of robust theoretical frameworks and experimental tools. Sullivan and colleagues reviewed these issues and provided ideas for a path forward in the Nature Reviews Neuroscience article.

However, Sullivan and colleagues stress that environmental factors (including lifestyle, drug use, poverty, stress, and complications at birth) are also relevant in addition to genomic risk. Although these factors are more difficult to study compared to the genome, this genetic information is important for researchers to consider because some environmental factors are modifiable.

"The findings to date resoundingly indicate complexity," wrote Sullivan, who is also director of the UNC Center for Psychiatric Genomics and the UNC Suicide Prevention Institute. "Rather than being a deterrent to future research, this knowledge underscores the importance of accepting schizophrenia as a genetic and environmental enigma and scaling our research accordingly in our efforts improve the lives of those impacted by schizophrenia."
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New study highlights scale and impact of long COVID | ScienceDaily
In a new review paper, researchers from the Universities of Arizona, Oxford and Leeds analyzed dozens of previous studies into long COVID to examine the number and range of people affected, the underlying mechanisms of disease, the many symptoms that patients develop, and current and future treatments.


						
Long COVID, also known as Post-COVID-19 condition, is generally defined as symptoms persisting for three months or more after acute COVID-19. The condition can affect and damage many organ systems, leading to severe and long-term impaired function and a broad range of symptoms, including fatigue, cognitive impairment -- often referred to as 'brain fog' -- breathlessness and pain.

Long COVID can affect almost anyone, including all age groups and children. It is more prevalent in females and those of lower socioeconomic status, and the reasons for such differences are under study. The researchers found that while some people gradually get better from long COVID, in others the condition can persist for years. Many people who developed long COVID before the advent of vaccines are still unwell.

"Long COVID is a devastating disease with a profound human toll and socioeconomic impact," said Janko Nikolich, MD, PhD, senior author of the paper, director of the Aegis Consortium at the U of A Health Sciences, professor and head of the Department of Immunobiology at the U of A College of Medicine -- Tucson, and BIO5 Institute member. "By studying it in detail, we hope to both understand the mechanisms and to find targets for therapy against this, but potentially also other infection-associated complex chronic conditions such as myalgic encephalomyelitis/chronic fatigue syndrome and fibromyalgia."

If a person has been fully vaccinated and is up to date with their boosters, their risk of long COVID is much lower. However, 3%-5% of people worldwide still develop long COVID after an acute COVID-19 infection. According to the Centers for Disease Control and Prevention, long COVID affects an estimated 4%-10% of the U.S. adult population and 1 in 10 adults who had COVID develop long COVID.

The review study also found that a wide range of biological mechanisms are involved, including persistence of the original virus in the body, disruption of the normal immune response, and microscopic blood clotting, even in some people who had only mild initial infections.

There are no proven treatments for long COVID yet, and current management of the condition focuses on ways to relieve symptoms or provide rehabilitation. Researchers say there is a dire need to develop and test biomarkers such as blood tests to diagnose and monitor long COVID and to find therapies that address root causes of the disease.

People can lower their risk of developing long COVID by avoiding infection -- wearing a close-fitting mask in crowded indoor spaces, for example -- taking antivirals promptly if they do catch COVID-19, avoiding strenuous exercise during such infections, and ensuring they are up to date with COVID vaccines and boosters.

"Long COVID is a dismal condition but there are grounds for cautious optimism," said Trisha Greenhalgh, lead author of the study and professor at Oxford's Nuffield Department of Primary Care Health Sciences. "Various mechanism-based treatments are being tested in research trials. If proven effective, these would allow us to target particular subgroups of people with precision therapies. Treatments aside, it is becoming increasingly clear that long COVID places an enormous social and economic burden on individuals, families and society. In particular, we need to find better ways to treat and support the 'long-haulers' -- people who have been unwell for two years or more and whose lives have often been turned upside down."

The full paper, "Long COVID: a clinical update," is published in The Lancet.
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Controlling thickness in fruit fly hearts reveals new pathway for heart disease | ScienceDaily
Scientists at Sanford Burnham Prebys and Salk Institute for Biological Studies have uncovered a new role for a protein known for its role in the brain helping control feelings of hunger or satiety, as well as in the liver to aid the body in maintaining a balance of energy during fasting. The new study shows that this protein also supports the maintenance of heart structure and function, but when it is overactive it causes thickening of the heart muscle, which is associated with heart disease.


						
Excessive thickening of the heart muscle -- known as cardiac hypertrophy -- is often the result of the heart trying to maintain proper blood flow while adapting to changes caused by other heart diseases such as hypertension or heart valve malfunction. Hypertrophy in the heart's left ventricle affects as many as half of all patients diagnosed with type 2 diabetes, and the thickening of this chamber is known to lead to more adverse cardiovascular events such as heart attacks, strokes and sudden cardiac deaths.

"We're interested in this because heart disease is the leading cause of death in the industrialized world," says Karen Ocorr, PhD, an assistant professor in the Development, Aging and Regeneration Program at Sanford Burnham Prebys. "And for most of the situations -- including cardiac hypertrophy -- we still don't really know the root causes."

Ocorr, her lab and her collaborators at the Salk Institute published results on August 1, 2024, in Cell Reports, showing that a protein called CREB-regulated transcription co-activator (CRTC) is likely one of the underlying sources of cardiac hypertrophy.

"People have done a lot to understand how CRTC works in neurons and the liver, but no one has really shown that it functions in the heart," says Cristiana Dondi, PhD, a postdoctoral associate in the Ocorr lab and first author on the study. "We were determined to change that."

The research team knew that CRTC interacted with an enzyme called calcineurin that had been connected to cardiac hypertrophy in prior studies. They began by creating fruit flies genetically engineered with an inactive form of the gene that carries the blueprint for CRTC.

Upon testing heart rhythm with tiny electrodes and heart function with high-speed video imaging, the fruit flies without active CRTC had more difficulty recovering normal heart rhythms after experiencing stress than did normal fruit flies. The engineered flies also had thinner heart muscles with diminished function and were unable to circulate blood as effectively.




"In addition to the structural defects we found in the flies with the CRTC gene systemically knocked out, we also saw an incredible amount of fibrosis," notes Ocorr, senior author on the study. "We hardly ever see that in normal hearts, so that really struck me because fibrosis is a hallmark of heart disease."

To make sure that these observations were specifically connected to a lack of CRTC in the heart rather than a broader developmental defect in other cells that precipitated the phenomena, the team investigated flies that only failed to make the CRTC protein in the heart while other tissues maintained their CRTC production.

"We saw very similar results to the studies with our whole-body knockout flies, so that helped us confirm that the changes were specific to a lack of CRTC in the heart," says Dondi. To be even more sure, the group repeated the experiments eliminating CRTC only in cells surrounding the heart called pericardial cells, then in the nervous system and, finally in the fly's fat body considered to be the fly's equivalent of a liver. But none of these manipulations had the same effects on the heart, adding more weight to a crucial cardiac role for CRTC.

In addition to examining the effects of an absence of CRTC in the heart, the team also investigated what would happen if the heart produced too much CRTC, which is known as overexpression.

"It seems to be two sides of a structural coin," adds Ocorr. "Without CRTC, the muscle fibers within the heart cells get disorganized. They start to have big gaps between them and then the ability of the heart to contract is reduced."

"If you overexpress CRTC, you get the opposite. You get a lot more of the proteins than is normally needed for the heart and that's what makes it bigger and causes hypertrophy. Although the heart is larger, it becomes too musclebound and does not function as well as a normal heart."

In addition to finding a new agent responsible for cardiac hypertrophy alongside the well-established calcineurin enzyme, Dondi, Ocorr, and their collaborators discovered a protein whose production is controlled by CRTC and likely contributes to the heart defects observed in this publication.




"We checked how genes worked differently in the hearts with too little or too much CRTC activity," says Dondi. "After filtering for those present in heart cells, we narrowed the list to 15 genes."

One of these 15 genes is the fruit fly's equivalent of the human gene Sarcalumenin which was found to be more active when CRTC was overexpressed and less active when CRTC was silenced. When the researchers prevented the production of this protein, they observed similar effects on heart structure and function as in the earlier experiments centered on CRTC. Because the loss of this protein caused hearts to be thinner the team proposed naming this gene "thinman."

"This was another piece of evidence that CRTC controls the production of 'thinman' in flies, and probably also Sarcalumenin in humans, during normal heart maintenance," says Ocorr. "The thinman gene contains instructions for proteins involved in managing calcium levels in skeletal and heart muscle cells. If something happens to CRTC, then you lose Sarcalumenin or thinman and you get calcium overload and muscle disorganization. Our studies show the CRTC-thinman connection is a novel pathway in cardiac hypertrophy, which is a very exciting new discovery in the field of heart research."

"This finding opens a lot of possibilities for learning more about these signaling molecules and using them as targets for drugs to treat heart conditions. Sarcalumenin also has been linked to muscular dystrophy, so we see many opportunities for expanding on this work to find potential treatments for other conditions in addition to heart disease."

Additional authors on the study include Georg Vogler, Anjali Gupta, Stanley Walls, Anais Kervedec, James Marchant, Michaela R. Romero, Soda Diop, Jason Goode, John B. Thomas, Alex Colas, Rolf Bodmer and Marc Montminy.

The study was supported by the National Institutes of Health, the American Heart Association, the Leona M. and Harry B. Helmsley Charitable Trust, the Clayton Foundation for Medical Research and the Kieckhefer Foundation.
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Discovery of a new population of macrophages promoting lung repair after viral infections | ScienceDaily
Researchers at the University of Liege (Belgium) have discovered a new population of macrophages, important innate immune cells that populate the lungs after injury caused by respiratory viruses. These macrophages are instrumental in repairing the pulmonary alveoli. This groundbreaking discovery promises to revolutionize our understanding of the post-infectious immune response and opens the door to new regenerative therapies.


						
Respiratory viruses, typically causing mild illness, can have more serious consequences, as shown during the Covid-19 pandemic, including severe cases requiring hospitalization and the chronic sequelae of "long Covid." These conditions often result in the destruction of large areas of the lungs, particularly the alveoli responsible for gas exchanges. Ineffective repair of these structures can lead to ARDS or a permanent reduction in the lungs' ability to oxygenate blood, causing chronic fatigue and exercise intolerance.

While the role of macrophages during the acute phase of respiratory viral infections is well known, their function in the post-inflammatory period has been largely unexplored. A study by the GIGA Institute at the University of Liege reveals that atypical macrophages, characterized by specific markers and transiently recruited during the early recovery phase, play a beneficial role in regenerating pulmonary alveoli.

Led by Dr. Coraline Radermecker and Prof. Thomas Marichal from the Immunophysiology Laboratory, the study was conducted by Dr. Cecilia Ruscitti and benefited from the ULiege's advanced technological platforms, including flow cytometry, fluorescence microscopy, and single-cell RNA sequencing. "Our findings provide a novel and crucial mechanism for alveolar repair by these atypical macrophages," explains Coraline Radermecker. "We have detailed their characteristics, origin, location in the damaged lung, the signals they require to function, and their role in tissue regeneration, specifically acting on type 2 alveolar epithelial cells, the progenitors of alveolar cells." The scientific community had overlooked these macrophages because they express a marker previously thought to be specific for another immune cell population, the neutrophils, and because they appear only briefly during the repair phase before disappearing.

"Our study highlights the reparative role of these macrophages, countering the prevailing idea that macrophages following respiratory viral infections are pathogenic," adds Thomas Marichal. "By targeting the amplification of these macrophages or stimulating their repair functions, we could develop therapies to improve alveolar regeneration and reduce complications from serious respiratory infections and ARDS."

To illustrate, consider the lungs as a garden damaged by a storm (viral infection). These newly discovered macrophages act like specialized gardeners who clear debris and plant new seeds, enabling the garden to regrow and regain its vitality.

This scientific breakthrough underscores the importance of research at the University of Liege and opens new avenues for treating respiratory diseases.
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New compound effective against flesh-eating bacteria | ScienceDaily
Researchers at Washington University School of Medicine in St. Louis have developed a novel compound that effectively clears bacterial infections in mice, including those that can result in rare but potentially fatal "flesh-eating" illnesses. The compound could be the first of an entirely new class of antibiotics, and a gift to clinicians seeking more effective treatments against bacteria that can't be tamed easily with current antibiotics.


						
The research is published Aug. 2 in Science Advances.

The compound targets gram-positive bacteria, which can cause drug-resistant staph infections, toxic shock syndrome and other illnesses that can turn deadly. It was developed through a collaboration between the labs of Scott Hultgren, PhD, the Helen L. Stoever Professor of Molecular Microbiology, and Michael Caparon, PhD, a professor of molecular microbiology, and Fredrik Almqvist, a professor of chemistry at the University of Umea in Sweden.

A new type of antimicrobial would be good news for clinicians seeking effective treatments against pathogens that are becoming more resistant to currently available drugs, and thus much more dangerous.

"All of the gram-positive bacteria that we've tested have been susceptible to that compound. That includes enterococci, staphylococci, streptococci, C. difficile, which are the major pathogenic bacteria types," said Caparon, the co-senior author. "The compounds have broad-spectrum activity against numerous bacteria."

It's based on a type of molecule called ring-fused 2-pyridone. Initially, Caparon and Hultgren had asked Almqvist to develop a compound that might prevent bacterial films from attaching to the surface of urethral catheters, a common cause of hospital-associated urinary tract infections. Discovering that the resulting compound had infection-fighting properties against multiple types of bacteria was a happy accident.

The team named their new family of compounds GmPcides (for gram-positive-icide). In past work, the authors showed that GmPcides can wipe out bacteria strains in petri dish experiments. In this latest study, they decided to test it on necrotizing soft-tissue infections, which are fast-spreading infections usually involving multiple types of gram-positive bacteria, for which Caparon already had a working mouse model. The best known of these, necrotizing fasciitis or "flesh-eating disease," can quickly damage tissue severely enough to require limb amputation to control its spread. About 20% of patients with flesh-eating disease die.




This study focused on one pathogen, Streptococcus pyogenes, which is responsible for 500,000 deaths every year globally, including flesh-eating disease. Mice infected with S. pyogenes and treated with a GmPcide fared better than did untreated animals in almost every metric. They had less weight loss, the ulcers characteristic of the infection were smaller, and they fought off the infection faster.

The compound appeared to reduce the virulence of the bacteria and, remarkably, speed up post-infection healing of the damaged areas of the skin.

It is not clear how GmPcides accomplish all of this, but microscopic examination revealed that the treatment appears to have a significant effect on bacterial cell membranes, which are the outer wrapping of the microbes.

"One of the jobs of a membrane is to exclude material from the outside," Caparon said. "We know that within five to ten minutes of treatment with GmPcide, the membranes start to become permeable and allow things that normally should be excluded to enter into the bacteria, which suggests that those membranes have been damaged."

This can disrupt the bacteria's own functions, including those that cause damage to their host, and make the bacteria less effective at combating the host's immune response to infections.

In addition to their antibacterial effectiveness, GmPcides appear to be less likely to lead to drug-resistant strains. Experiments designed to create resistant bacteria found very few cells able to withstand treatment and thus pass on their advantages to the next generation of bacteria.

Caparon explained that there is a long way to go before GmPcides are likely to find their way into local pharmacies. Caparon, Hultgren and Almqvist have patented the compound used in the study and licensed it to a company, QureTech Bio, in which they have an ownership stake, with the expectation that they will be able to collaborate with a company that has the capacity to manage the pharmaceutical development and clinical trials to potentially bring GmPcides to market.

Hultgren said that the kind of collaborative science that created GmPcides is what is needed to treat intractable problems like antimicrobial resistance.

"Bacterial infections of every type are an important health problem, and they are increasingly becoming multi-drug resistant and thus harder to treat," he said. "Interdisciplinary science facilitates the integration of different fields of study that can lead to synergistic new ideas that have the potential to help patients."
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Allergy cells' hidden secret | ScienceDaily
Known for their role in allergic reactions, mast cells have long been recognised as key players in our immune system. When they encounter allergens, they release chemicals that trigger typical allergy symptoms such as tissue swelling and inflammation. Now, researchers at the Max Planck Institute of Immunobiology and Epigenetics in Freiburg and the University of Munster have discovered a hidden talent of mast cells: they can capture and use another type of immune cell called neutrophils. This surprising discovery sheds new light on how our immune system works, particularly during allergic reactions.


						
Inflammation is the body's response to harmful stimuli, characterized by heat, pain, redness, swelling, and loss of tissue function. When balanced, inflammation protects the body by clearing harmful agents and initiating tissue repair. However, excessive inflammation can cause tissue destruction and disease. Key players in this process are various immune cells, which work together during inflammation. The type of immune cells involved often varies depending on the harmful stimulus, influencing the outcome of the inflammatory response.

Immune cell trapping during allergic responses

Mast cells, residing in tissues and critical for initiating inflammation, are filled with granules containing pro-inflammatory substances. These granules are released upon encountering potential dangers, including allergens, causing allergic reactions. In many people, mast cells also react to seemingly harmless environmental factors, which then act as allergens and cause allergies. The interaction between mast cells and other immune cells at sites of allergic responses has been largely unexplored.

A research group at the MPI of Immunobiology and Epigenetics used specialized microscopy to visualize the real-time dynamics of activated mast cells and other cell types during allergic reactions in living mouse tissues. Led by Tim Lammermann, since October 2023 Director at the Institute of Medical Biochemistry at the University of Munster, the team discovered a surprising interaction: neutrophils were found inside mast cells. "We could hardly believe our eyes: living neutrophils were sitting inside living mast cells. This phenomenon was completely unexpected and probably would not have been discovered in experiments outside a living organism and highlights the power of intravital microscopy," says Tim Lammermann.

Pulling a neutrophil trick to trap neutrophils

Neutrophils are frontline defenders of our immune system, responding quickly and broadly to potential threats. They circulate in the blood and quickly exit blood vessels at sites of inflammation. They are well-equipped to combat invaders such as bacteria or fungi by engulfing the invaders, releasing antimicrobial substances, or forming web-like traps known as "neutrophil extracellular traps." Additionally, neutrophils can communicate with each other and form cell swarms to combine their individual functions for the protection of healthy tissue. While much is known about neutrophils' role in infections and sterile injuries, their role in inflammation caused by allergic reactions is less understood.




"It quickly became clear that the double-pack immune cells were no mere coincidence. We wanted to understand how mast cells trap their colleagues and why they do it," explains Michael Mihlan, first and co-corresponding author of the study published in the journal Cell. Once the team was able to mimic the neutrophil trapping observed in living tissue in cell culture, they we were able to identify the molecular pathways involved in this process. The researchers found that mast cells release leukotriene B4, a substance commonly used by neutrophils to initiate their own swarming behavior. By secreting this substance, mast cells attract neutrophils. Once the neutrophils are close enough, mast cells engulf them into a vacuole, forming a cell-in-cell structure that the researchers refer to as "mast cell intracellular trap" (MIT). "It is ironic that neutrophils, which create web-like traps made of DNA and histones to capture microbes during infections, are now trapped themselves by mast cells under allergic conditions," says Tim Lammermann.

Recycled neutrophils to boost mast cell function

With the help of an international team, the researchers confirmed the formation of MITs in human samples and investigated the fate of the two cell types involved after trapping. They found that trapped neutrophils eventually die, and their remains get stored inside mast cells. "This is where the story takes an unexpected turn. Mast cells can recycle the material from the neutrophils to boost their own function and metabolism. In addition, mast cells can release the newly acquired neutrophil components in a delayed manner, triggering additional immune responses and helping to sustain inflammation and immune defense," says Michael Mihlan.

"This new understanding of how mast cells and neutrophils work together adds a whole new layer to our knowledge of allergic reactions and inflammation. It shows that mast cells can use neutrophils to boost their own capabilities -- an aspect that could have implications for chronic allergic conditions where inflammation occurs repeatedly," says Tim Lammermann. The researchers have already begun investigating this interaction in mast cell-mediated inflammatory diseases in humans, exploring whether this discovery could lead to new approaches to treating allergies and inflammatory diseases.
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        3D-printed blood vessels bring artificial organs closer to reality
        Lab-grown organs are a long-time 'holy grail' of organ engineering that has yet to be achieved, but new research has brought that goal a big step closer to reality using a new 3D-printing method called co-SWIFT. co-SWIFT prints branching networks of double-layered vessels that are infused with smooth muscle cells and endothelial cells into living human cardiac tissue, and can even replicate patient-specific vascular structures,indicating that it could one day be used for personalized medicine.

      

      
        Electric bandage holds promise for treating chronic wounds
        Researchers have developed an inexpensive bandage that uses an electric field to promote healing in chronic wounds. In animal testing, wounds that were treated with these electric bandages healed 30% faster than wounds treated with conventional bandages.

      

      
        Scientists lay out revolutionary method to warm Mars
        Ever since we learned that the surface of planet Mars is cold and dead, people have wondered if there is a way to make it friendlier to life. The newly proposed method is over 5,000 times more efficient than previous schemes to globally warm Mars, representing a significant leap forward in our ability to modify the Martian environment.

      

      
        Used concrete transformed into new bricks while trapping CO2
        Researchers have turned concrete from a demolished school building and carbon dioxide (CO2) from the air into new blocks strong enough to build a house with. The process involved grinding the old concrete into powder, reacting it with CO2 from the air, pressurizing it in layers in a mold and finally heating it to form the new block. Instead of making buildings from new concrete only, this technique could offer a way to recycle old materials while also trapping carbon dioxide in the process. The b...

      

      
        'Amphibious' sensors make new, waterproof technologies possible
        Researchers have demonstrated a technique for creating sensors that can function both in air and underwater. The approach paves the way for 'amphibious' sensors with applications ranging from wildlife monitoring to biomedical applications.

      

      
        New device for on-the-spot water testing
        Researchers at University of Galway have developed a new, portable technology for on-the-spot testing of water quality to detect one of the most dangerous types of bacteria. Ireland regularly reports the highest crude incidence rates of the pathogen Shiga toxigenic Escherichia coli -- STEC for short -- in Europe over the recent years.

      

      
        Walking the walk, scientists develop motion-compatible brain scanner
        An upright neuroimaging device developed by neuroscientists, physicists and engineers allows patients to move around while undergoing a brain scan.

      

      
        Dozing at the wheel? Not with these fatigue-detecting earbuds
        To help protect drivers and machine operators from the dangers of drifting off, engineers have created prototype earbuds that can detect the signs of drowsiness in the brain. In a new study, the researchers show that their Ear EEG platform is sensitive enough to detect alpha waves, a pattern of brain activity that increases when you close your eyes or start to fall asleep.

      

      
        Researchers dig deeper into stability challenges of nuclear fusion -- with mayonnaise
        Researchers are using mayonnaise to study and address the stability challenges of nuclear fusion by examining the phases of Rayleigh-Taylor instability. Their innovative approach aims to inform the design of more stable fusion capsules, contributing to the global effort to harness clean fusion energy. Their most recent paper explores the critical transitions between elastic and plastic phases in these conditions.

      

      
        Advanced chelators offer efficient and eco-friendly rare earth element recovery
        The world is going to need a lot of weird metals in the coming years, according to chemistry professor. But he isn't talking about lithium, cobalt or even beryllium. He's interested in dysprosium, which is so hidden in the periodic table that you'd be forgiven for thinking he made it up.

      

      
        Soft gold enables connections between nerves and electronics
        Gold does not readily lend itself to being turned into long, thin threads. But researchers have now managed to create gold nanowires and develop soft electrodes that can be connected to the nervous system. The electrodes are soft as nerves, stretchable and electrically conductive, and are projected to last for a long time in the body.

      

      
        A new way of thinking about the economy could help protect the Amazon, and help its people thrive
        To protect the Amazon and support the wellbeing of its people, its economy needs to shift from environmentally harmful production to a model built around the diversity of indigenous and rural communities, and standing forests.

      

      
        Heating for fusion: Why toast plasma when you can microwave it!
        Can plasma be sufficiently heated inside a tokamak using only microwaves? New research suggests it can! Eliminating the central ohmic heating coil normally used in tokamaks will free up much-needed space for a more compact, efficient spherical tokamak.

      

      
        Astronomers uncover risks to planets that could host life
        A groundbreaking study has revealed that red dwarf stars can produce stellar flares that carry far-ultraviolet (far-UV) radiation levels much higher than previously believed.

      

      
        Engineers develop general, high-speed technology to model, explain catalytic reactions
        A research team developed artificial intelligence technology that could find ways to improve researchers' understanding of the chemical reactions involved in ammonia production and other complex chemical reactions.

      

      
        Seismic detectors measure soil moisture using traffic noise
        Using state of the art techniques, researchers use vibrations from traffic to measure underground soil moisture.

      

      
        First measurement of electron- and muon-neutrino interaction rates at the highest energy ever detected from an artificial source
        Understanding neutrino interactions is crucial for obtaining a complete picture of particle physics and the universe. To date, neutrino interaction cross sections have not been measured at high energy above some hundred gigaelectronvolts at particle colliders. Now, researchers have obtained the first direct observation of electron and muon neutrino interactions in the Teraelectronvolt range at CERN's Large Hadron Collider, using the FASER detector. This study marks a significant step for particle...

      

      
        Cracking the code of life: new AI model learns DNA's hidden language
        With GROVER, a new large language model trained on human DNA, researchers could now attempt to decode the complex information hidden in our genome. GROVER treats human DNA as a text, learning its rules and context to draw functional information about the DNA sequences.

      

      
        AI for mental health screening may carry biases based on gender, race
        A growing body of AI tools screen how people talk, searching for subtle changes that could indicate mental health concerns like depression or anxiety. A study finds that these tools don't perform consistently across people from different genders and races.

      

      
        Nature's design marvel: How shark skin's denticles adapt to wide speed
        New findings on how sharks achieve drag reduction could inspire the design of riblets for more efficient aircraft and boats. In their investigation of great white shark denticles, researchers found that ridge height and spacing play crucial roles in drag reduction at different swimming speeds. Higher middle ridges aid sharks in efficient cruising at slower speeds, while the lower side ridges become more critical for drag reduction during high-speed hunting bursts. The analysis also suggests that ...

      

      
        Physicists develop new method to combine conventional internet with the quantum internet
        Researchers send entangled photons and laser pulses of the same color over a single optical fiber for the first time.

      

      
        Novel ultrafast electron microscopy technique advances understanding of processes applicable to brain-like computing
        A team developed a new microscopy technique that uses electrical pulses to track the nanosecond dynamics within a material that is known to form charge density waves. Controlling these waves may lead to faster and more energy-efficient electronics.

      

      
        A blueprint for building the future: Eco-friendly 3D concrete printing
        Scientists are improving 3D concrete printing construction technology with rigorous research to make printable materials stronger, more sustainable and better performing.

      

      
        Scientists pin down the origins of the moon's tenuous atmosphere
        Scientists say they have identified the main process that formed the moon's atmosphere and continues to sustain it today. The team reports that the lunar atmosphere is primarily a product of 'impact vaporization.'

      

      
        Cold antimatter for quantum state-resolved precision measurements
        Why does the universe contain matter and (virtually) no antimatter? Scientists have achieved an experimental breakthrough in this context. It can contribute to measuring the mass and magnetic moment of antiprotons more precisely than ever before -- and thus identify possible matter-antimatter asymmetries. They have developed a trap, which can cool individual antiprotons much more rapidly than in the past.

      

      
        Custom implants on demand? Bandages for the heart? 3D printing method makes it possible
        A team has developed a new way to 3D print material that is at once elastic enough to withstand a heart's persistent beating, tough enough to endure the crushing load placed on joints, and easily shapable to fit a patient's unique defects.

      

      
        Revolutionary loop heat pipe transports 10 kW of waste heat -- No electricity required
        Researchers have unveiled a new loop heat pipe capable of transporting up to 10 kW of heat without using electric power. The loop heat pipe's design aims to contribute to energy savings and carbon neutrality in various fields, including waste heat recovery, solar heat utilization, electric vehicle thermal management, and data center cooling.

      

      
        Solving the doping problem: Enhancing performance in organic semiconductors
        Physicists have discovered two new ways to improve organic semiconductors. They found a way to remove more electrons from the material than previously possible and used unexpected properties in an environment known as the non-equilibrium state, boosting its performance for use in electronic devices.

      

      
        Eye-tracking study provides valuable insights into learning mathematics
        Eye-tracking allows studying aspects that cannot be seen, for example, the thinking processes of a student solving a mathematical problem. Researchers have integrated eye-tracking into education and are using the technology to radically improve the teaching of mathematics.

      

      
        Healthy AI: Sustainable artificial intelligence for healthcare
        Researchers investigated the environmental costs of AI, including energy consumption of AI systems in the medical field, carbon emissions of data centers, and electronic waste issues. Specific solutions to mitigate these environmental impacts were discussed, including the development of energy-efficient AI models, the implementation of green computing, and the use of renewable energy.

      

      
        Dopamine physiology in the brain unveiled through cutting-edge brain engineering
        Researchers have discovered a new correlation between neural signaling in the brain and dopamine signaling in the striatum. The human brain requires fast neural signal processing in a short period of less than a second. Dopamine is known to have the strongest effect on brain neural signals, but the research team's newly developed 'optical neural chip-based multiple brain signal monitoring technology' shows that changes in dopamine signals within the physiological range do not affect brain neural ...

      

      
        Precise package delivery in cells?
        Researchers have developed new real-time microscopy technology and successfully observed the behavior of 'motor proteins', which may hold the key to unraveling the efficient material transport strategy of cells.

      

      
        Scientists revolutionize microscopy by reimagining the logic of imaging
        Scientists have devised an innovative imaging method using state-of-the-art microscopes that significantly reduces the time and radiation required. Their work represents a significant breakthrough that will benefit several disciplines, from materials science to medicine, as the method promises to deliver improved imaging for sensitive materials such as biological tissues that are especially vulnerable to damage.
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3D-printed blood vessels bring artificial organs closer to reality | ScienceDaily
Growing functional human organs outside the body is a long-sought "holy grail" of organ transplantation medicine that remains elusive. New research from Harvard's Wyss Institute for Biologically Inspired Engineering and John A. Paulson School of Engineering and Applied Science (SEAS) brings that quest one big step closer to completion.


						
A team of scientists created a new method to 3D print vascular networks that consist of interconnected blood vessels possessing a distinct "shell" of smooth muscle cells and endothelial cells surrounding a hollow "core" through which fluid can flow, embedded inside a human cardiac tissue. This vascular architecture closely mimics that of naturally occurring blood vessels and represents significant progress toward being able to manufacture implantable human organs. The achievement is published in Advanced Materials.

"In prior work, we developed a new 3D bioprinting method, known as "sacrificial writing in functional tissue" (SWIFT), for patterning hollow channels within a living cellular matrix. Here, building on this method, we introduce coaxial SWIFT (co-SWIFT) that recapitulates the multilayer architecture found in native blood vessels, making it easier to form an interconnected endothelium and more robust to withstand the internal pressure of blood flow," said first author Paul Stankey, a graduate student at SEAS in the lab of co-senior author and Wyss Core Faculty member Jennifer Lewis, Sc.D.

The key innovation developed by the team was a unique core-shell nozzle with two independently controllable fluid channels for the "inks" that make up the printed vessels: a collagen-based shell ink and a gelatin-based core ink. The interior core chamber of the nozzle extends slightly beyond the shell chamber so that the nozzle can fully puncture a previously printed vessel to create interconnected branching networks for sufficient oxygenation of human tissues and organs via perfusion. The size of the vessels can be varied during printing by changing either the printing speed or the ink flow rates.

To confirm the new co-SWIFT method worked, the team first printed their multilayer vessels into a transparent granular hydrogel matrix. Next, they printed vessels into a recently created matrix called uPOROS composed of a porous collagen-based material that replicates the dense, fibrous structure of living muscle tissue. They were able to successfully print branching vascular networks in both of these cell-free matrices. After these biomimetic vessels were printed, the matrix was heated, which caused collagen in the matrix and shell ink to crosslink, and the sacrificial gelatin core ink to melt, enabling its easy removal and resulting in an open, perfusable vasculature.

Moving into even more biologically relevant materials, the team repeated the printing process using a shell ink that was infused with smooth muscle cells (SMCs), which comprise the outer layer of human blood vessels. After melting out the gelatin core ink, they then perfused endothelial cells (ECs), which form the inner layer of human blood vessels, into their vasculature. After seven days of perfusion, both the SMCs and the ECs were alive and functioning as vessel walls -- there was a three-fold decrease in the permeability of the vessels compared to those without ECs.

Finally, they were ready to test their method inside living human tissue. They constructed hundreds of thousands of cardiac organ building blocks (OBBs) -- tiny spheres of beating human heart cells, which are compressed into a dense cellular matrix. Next, using co-SWIFT, they printed a biomimetic vessel network into the cardiac tissue. Finally, they removed the sacrificial core ink and seeded the inner surface of their SMC-laden vessels with ECs via perfusion and evaluated their performance.




Not only did these printed biomimetic vessels display the characteristic double-layer structure of human blood vessels, but after five days of perfusion with a blood-mimicking fluid, the cardiac OBBs started to beat synchronously -- indicative of healthy and functional heart tissue. The tissues also responded to common cardiac drugs -- isoproterenol caused them to beat faster, and blebbistatin stopped them from beating. The team even 3D-printed a model of the branching vasculature of a real patient's left coronary artery into OBBs, demonstrating its potential for personalized medicine.

"We were able to successfully 3D-print a model of the vasculature of the left coronary artery based on data from a real patient, which demonstrates the potential utility of co-SWIFT for creating patient-specific, vascularized human organs," said Lewis, who is also the Hansjorg Wyss Professor of Biologically Inspired Engineering at SEAS.

In future work, Lewis' team plans to generate self-assembled networks of capillaries and integrate them with their 3D-printed blood vessel networks to more fully replicate the structure of human blood vessels on the microscale and enhance the function of lab-grown tissues.

"To say that engineering functional living human tissues in the lab is difficult is an understatement. I'm proud of the determination and creativity this team showed in proving that they could indeed build better blood vessels within living, beating human cardiac tissues. I look forward to their continued success on their quest to one day implant lab-grown tissue into patients," said Wyss Founding Director Donald Ingber, M.D., Ph.D. Ingber is also the Judah Folkman Professor of Vascular Biology at HMS and Boston Children's Hospital and Hansjorg Wyss Professor of Biologically Inspired Engineering at SEAS.

Additional authors of the paper include Katharina Kroll, Alexander Ainscough, Daniel Reynolds, Alexander Elamine, Ben Fichtenkort, and Sebastien Uzel. This work was supported by the Vannevar Bush Faculty Fellowship Program sponsored by the Basic Research Office of the Assistant Secretary of Defense for Research and Engineering through the Office of Naval Research Grant N00014-21-1-2958 and the National Science Foundation through CELL-MET ERC (#EEC-1647837).
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Electric bandage holds promise for treating chronic wounds | ScienceDaily
Researchers have developed an inexpensive bandage that uses an electric field to promote healing in chronic wounds. In animal testing, wounds that were treated with these electric bandages healed 30% faster than wounds treated with conventional bandages.


						
Chronic wounds are open wounds that heal slowly, if they heal at all. For example, sores that occur in some patients with diabetes are chronic wounds. These wounds are particularly problematic because they often recur after treatment and significantly increase the risk of amputation and death.

One of the challenges associated with chronic wounds is that existing treatment options are extremely expensive, which can create additional problems for patients.

"Our goal here was to develop a far less expensive technology that accelerates healing in patients with chronic wounds," says Amay Bandodkar, co-corresponding author of the work and an assistant professor of electrical and computer engineering at North Carolina State University. "We also wanted to make sure that the technology is easy enough for people to use at home, rather than something that patients can only receive in clinical settings."

"This project is part of a bigger DARPA project to accelerate wound healing with personalized wound dressings," says Sam Sia, co-corresponding author of the work and professor of biomedical engineering at Columbia University. "This collaborative project shows that these lightweight bandages, which can provide electrical stimulation simply by adding water, healed wounds faster than the control, at a similar rate as bulkier and more expensive wound treatment."

Specifically, the research team developed water-powered, electronics-free dressings (WPEDs), which are disposable wound dressings that have electrodes on one side and a small, biocompatible battery on the other. The dressing is applied to a patient so that the electrodes come into contact with the wound. A drop of water is then applied to the battery, activating it. Once activated, the bandage produces an electric field for several hours.

"That electric field is critical, because it's well established that electric fields accelerate healing in chronic wounds," says Rajaram Kaveti, co-first author of the study and a post-doctoral researcher at NC State.




The electrodes are designed in a way that allows them to bend with the bandage and conform to the surface of the chronic wounds, which are often deep and irregularly shaped.

"This ability to conform is critical, because we want the electric field to be directed from the periphery of the wound toward the wound's center," says Kaveti. "In order to focus the electric field effectively, you want electrodes to be in contact with the patient at both the periphery and center of the wound itself. And since these wounds can be asymmetrical and deep, you need to have electrodes that can conform to a wide variety of surface features."

"We tested the wound dressings in diabetic mice, which are a commonly used model for human wound healing," says Maggie Jakus, co-first author of the study and a graduate student at Columbia. "We found that the electrical stimulation from the device sped up the rate of wound closure, promoted new blood vessel formation, and reduced inflammation, all of which point to overall improved wound healing."

Specifically, the researchers found that mice who received treatment with WPEDs healed about 30% faster than mice who received conventional bandages.

"But it is equally important that these bandages can be produced at relatively low cost -- we're talking about a couple of dollars per dressing in overhead costs." says Bandodkar.

"Diabetic foot ulceration is a serious problem that can lead to lower extremity amputations," says Aristidis Veves, a co-author of the study and professor of surgery at Beth Israel Deaconess Center. "There is urgent need for new therapeutic approaches, as the last one that was approved by the Food and Drug Administration was developed more than 25 years ago. My team is very lucky to participate in this project that investigates innovative and efficient new techniques that have the potential to revolutionize the management of diabetic foot ulcers."

In addition, the WPEDs can be applied quickly and easily. And once applied, patients can move around and take part in daily activities. This functionality means that patients can receive treatment at home and are more likely to comply with treatment. In other words, patients are less likely to skip treatment sessions or take shortcuts, since they aren't required to come to a clinic or remain immobile for hours.




"Next steps for us include additional work to fine-tune our ability to reduce fluctuations in the electric field and extend the duration of the field. We are also moving forward with additional testing that will get us closer to clinical trials and -- ultimately -- practical use that can help people," says Bandodkar.

The paper, "Water-powered, electronics-free dressings that electrically stimulate wounds for rapid wound closure," will be published Aug. 7 in the open-access journal Science Advances. The paper's co-authors include Henry Chen, an undergraduate in the joint biomedical engineering department at NC State and UNC; Bhavya Jain, Navya Mishra, Nivesh Sharma and Baha Erim Uzuno?lu, Ph.D. students at NC State; Darragh Kennedy and Elizabeth Caso of Columbia; Georgios Theocharidis and Brandon Sumpio of Beth Israel Deaconess Medical Center; Won Bae Han of Korea University and the Georgia Institute of Technology; Tae-Min Jang of Korea University; and Suk-Won Hwang of Korea University and the Korea Institute of Science and Technology.

This work was done with support from the Defense Advanced Research Projects Agency under grant D20AC00004 and from the Center for Advanced Self-Powered Systems of Integrated Sensors and Technologies at NC State, which is funded by National Science Foundation grant 1160483. Bandodkar and Kaveti are inventors on a patent application related to this work.
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Scientists lay out revolutionary method to warm Mars | ScienceDaily
Ever since we learned that the surface of planet Mars is cold and dead, people have wondered if there is a way to make it friendlier to life.


						
In a groundbreaking study published Aug. 7 in Science Advances, researchers from the University of Chicago, Northwestern University, and the University of Central Florida have proposed a revolutionary approach towards terraforming Mars. This new method, using engineered dust particles released to the atmosphere, could potentially warm the Red Planet by more than 50 degrees Fahrenheit, to temperatures suitable for microbial life -- a crucial first step towards making Mars habitable.

The proposed method is over 5,000 times more efficient than previous schemes to globally warm Mars, representing a significant leap forward in our ability to modify the Martian environment.

What sets this approach apart is its use of resources readily available on Mars, making it far more feasible than earlier proposals that relied on importing materials from Earth or mining rare Martian resources.

This strategy would take decades. But it appears logistically easier than other plans proposed so far.

"This suggests that the barrier to warming Mars to allow liquid water is not as high as previously thought," said Edwin Kite, an associate professor of geophysical sciences at the University of Chicago and corresponding author on the study. The lead author was Samaneh Ansari, a graduate student in Prof. Hooman Mohseni's group at Northwestern University.

Astronauts still won't be able to breathe Mars' thin air; making the planet suitable for humans to walk on the surface unaided requires much more work. But perhaps groundwork could be laid, by making the planet habitable for microbes and food crops that could gradually add oxygen to the atmosphere -- much as they have done for Earth during its geologic history.




A new approach to an age-old dream

There is a rich history of proposals to make Mars habitable; Carl Sagan himself came up with one back in 1971. These have ranged from outright daydreams, such as science fiction writers depicting turning one of Mars' moons into a sun, to more recent and scientifically plausible ideas, such as engineering transparent gel tiles to trap heat.

Any plan to make Mars habitable must address several hurdles, including deadly UV rays and salty soil. But the biggest is the planet's temperature; the surface of Mars averages about -80 degrees Fahrenheit.

One strategy to warm the planet could be the same method that humans are unintentionally using here on Earth: releasing material into the atmosphere, which would enhance Mars' natural greenhouse effect, trapping solar heat at the surface.

The trouble is that you would need tons of these materials -- literally. Previous schemes depended on bringing gases from Earth to Mars, or attempting to mine Mars for a large mass of ingredients that aren't very common there -- both are costly and difficult propositions. But the team wondered whether it could be done by processing materials that already exist abundantly on Mars.

We know from rovers like Curiosity that dust on Mars is rich in iron and aluminum. By themselves, those dust particles aren't suitable to warm the planet; their size and composition mean they tend to cool the surface slightly rather than warm it. But if we engineered dust particles that had different shapes or compositions, the researchers hypothesized, perhaps they could trap heat more efficiently.




The researchers designed particles shaped like short rods -- similar in size to commercially available glitter. These particles are designed to trap escaping heat and scatter sunlight towards the surface, enhancing Mars' natural greenhouse effect.

"How light interacts with sub-wavelength objects is fascinating. Importantly, engineering

nanoparticles can lead to optical effects that far exceed what is conventionally expected from

such small particles," said Ansari. Mohseni, who is a co-author, believes that they have just scratched the surface: "We believe it is possible to design nanoparticles with higher efficiency, and even those that can dynamically change their optical properties."

"You'd still need millions of tons to warm the planet, but that's five thousand times less than you would need with previous proposals to globally warm Mars," said Kite. "This significantly increases the feasibility of the project."

Calculations indicate that if the particles were released into Mars' atmosphere continuously at 30 liters per second, the planet would warm by more than 50 degrees Fahrenheit -- and the effect could be noticeable within as soon as months. Similarly, the warming would be reversible, stopping within a few years if release was switched off.

Potential impact and future research

Much work remains to be done, the scientists said. We don't know exactly how fast the engineered dust would cycle out of Mars' atmosphere, for example. Mars does have water and clouds, and, as the planet warms, it's possible that water would increasingly start to condense around the particles and fall back to the surface as rain.

"Climate feedbacks are really difficult to model accurately," Kite cautioned. "To implement something like this, we would need more data from both Mars and Earth, and we'd need to proceed slowly and reversibly to ensure the effects work as intended."

While this method represents a significant leap forward in terraforming research, the researchers emphasize that the study focuses on warming Mars to temperatures suitable for microbial life and possibly growing food crops -- not on creating a breathable atmosphere for humans.

"This research opens new avenues for exploration and potentially brings us one step closer to the long-held dream of establishing a sustainable human presence on Mars," said Kite.

Ansari is the lead author of the study. Other coauthors of the study were Ramses Ramirez of the University of Central Florida and Liam Steele, formerly a postdoctoral researcher at UChicago, now with the European Center for Medium-Range Weather Forecasts.

The authors used the Quest high-performance computing facility at Northwestern and the University of Chicago Research Computing Center.
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Used concrete transformed into new bricks while trapping CO2 | ScienceDaily
Researchers led by a team at the University of Tokyo have turned concrete from a demolished school building and carbon dioxide (CO2) from the air into new blocks strong enough to build a house with. The process involved grinding the old concrete into powder, reacting it with CO2 from the air, pressurizing it in layers in a mold and finally heating it to form the new block. Instead of making buildings from new concrete only, this technique could offer a way to recycle old materials while also trapping carbon dioxide in the process. The blocks could theoretically be remade again and again, through the same process.


						
A few years ago, researchers developed a new kind of concrete, which had the potential to reduce greenhouse gases and reuse waste from the construction industry.

The project was named C4S, which stands for Calcium Carbonate Circulation System for Construction, and led by Professor Takafumi Noguchi, as project manager, with Professor Ippei Maruyama leading on material development. Both researchers are from the Department of Architecture at the University of Tokyo. Together with a team they developed a method to combine old concrete with carbon dioxide, taken from the air or industrial exhaust, to create a new, durable material called calcium carbonate concrete. However, the resulting blocks were only a few centimeters long.

Now, they have taken this technology to the next level.

"We can make calcium carbonate concrete bricks large and strong enough to build regular houses and pavements," said Maruyama. "These blocks can theoretically be used semipermanently through repeated crushing and remaking, a process which requires relatively low energy consumption. Now, concrete in old buildings can be thought of as a kind of urban mine for creating new buildings."

Limestone is a key ingredient in Portland cement, which is typically used to make concrete. The rock provides durability and strength, while improving workability. However, limestone reserves are limited, and in some countries more than others, such as Japan. So attention is switching from creating new materials to maintaining and reusing what is already available.

"We are trying to develop systems that can contribute to a circular economy and carbon neutrality. In Japan, the current demand for construction material is less than in the past, so it is a good time to develop a new type of construction business, while also improving our understanding of this vital material through our research," explained Maruyama.

Demolished concrete from a school building was crushed into a fine powder, sieved and then carbonated over three months. Carbonation is usually a slow, natural process which occurs when compounds in concrete, such as portlandite and calcium silicate hydrate, react with CO2 in the air to form calcium carbonate. The researchers performed a sped-up version of this process to recreate the same kind of concrete you would find in older buildings. This was to test that they could still make strong new blocks even from older concrete.

The carbonated powder was then pressurized with a calcium bicarbonate solution and dried. In their previous experiment, the team created calcium carbonate concrete by pouring a bicarbonate solution through carbonated concrete powder and heating it. In this updated version, as well as heating the material, the team built the concrete up in layers in a mold, which compacted it under pressure. They found this enhanced the strength of the blocks.

"As part of the C4S project, we intend to construct a real two-story house by 2030," said Maruyama. "Over the next few years, we also plan to move to a pilot plant, where we can improve production efficiency and industrial application, and work on creating much larger building elements, as we move towards making this material commercially available."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240807122855.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



'Amphibious' sensors make new, waterproof technologies possible | ScienceDaily
Researchers have demonstrated a technique for creating sensors that can function both in air and underwater. The approach paves the way for "amphibious" sensors with applications ranging from wildlife monitoring to biomedical applications.


						
The new findings are focused on strain sensors, which measure deformation -- meaning they can be used to measure how things stretch, bend and move.

"For example, there is interest in creating strain sensors that can be used in biomedical applications -- such as sensors that can be used to observe the behavior of blood vessels and other biological systems," says Shuang Wu, first author of a paper on the work and a postdoctoral researcher at North Carolina State University. "Other possible applications include creating sensors that can measure how fish move underwater, monitor health in wildlife, and so on."

"However, a big challenge when creating such wearable or implantable strain sensors is ensuring that the sensors can perform in wet environments," says Yong Zhu, corresponding author of the paper and the Andrew A. Adams Distinguished Professor of Mechanical and Aerospace Engineering at NC State.

"Our goal with this work was to create sensors that would last a long time in a wet environment without sacrificing the performance of the sensor," Wu says.

With that goal in mind, the research team began by utilizing a sensitive strain sensor the team developed in late 2022. The researchers then sandwiched the sensor between two thin films made of a highly elastic, waterproof polymer.

The polymer encapsulates the sensor. This keeps water out but does not restrict the movement of the sensor material like most other encapsulations due to its unique interface design. This gives the sensor the desired sensitivity and stretchability. The sensor can be connected to a small chip that transmits data wirelessly.




"In experiments, we found the amphibious sensors were sensitive and had a fast response time," says Wu. "And we found that the performance of the sensors was the same whether the sensor was in air or after being submerged in saltwater for 20 days."

"The sensors are also very stable -- their performance didn't drop off, even after being stretched 16,000 times," says Zhu.

To demonstrate the functionality of the amphibious sensors, the researchers used the sensors to track the motions of robotic fish and monitor blood pressure in a pig's heart. The researchers also created a glove that incorporated the amphibious sensors, using the sensors to translate a scuba diver's hand signals into messages that could be read by people in or out of the water.

"The idea was to create an easy way for scuba divers to communicate effectively with other divers underwater or crew members still on a boat," says Wu.  


"We've submitted a patent application for this technology and are open to working with industry partners to incorporate these sensors into various applications," says Zhu.

The work was done with support from the National Science Foundation, under grants 2122841 and 2134664; the National Institutes of Health, under grant R01HD108473; and the Department of Defense, under grant W81XWH-21-1-0185.
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New device for on-the-spot water testing | ScienceDaily
Researchers at University of Galway have developed a new, portable technology for on-the-spot testing of water quality to detect one of the most dangerous types of bacteria.


						
Ireland regularly reports the highest crude incidence rates of the pathogen Shiga toxigenic Escherichia coli -- STEC for short -- in Europe over the recent years.

The bacteria produces the harmful Shiga toxin, which, if ingested by humans, can cause severe stomach illnesses and, in some cases, life-threatening complications especially in children under 5 years, older people and immunocompromised individuals.

A work led by Dr Zina Alfahl, lecturer in bacteriology in the University's College of Medicine, Nursing and Health Sciences, and Dr Louise O'Connor, senior research fellow with the University's College of Science and Engineering, developed a technology for rapid, sensitive and accurate testing of STEC in water sources, including rivers, lakes and wells.

The results have been published in the journal, Microbiology.

Dr Alfahl said: "Our technology is a significant advancement in on-site water testing. It is portable, straightforward and safe to use. It is accurate, highly sensitive and the results are delivered quickly, on-site.

"We are hoping that Environmental Health Officers and groundwater schemes in Ireland could use the technology on-site allowing for more frequent testing especially in or after extreme weather, periods of intense rainfall, because it is those conditions which lead to water supplies being contaminated."

Dr O'Connor said: "This technology could be a crucial intervention in helping to prevent outbreaks of infection in families and communities using wells, private water supplies and groundwater schemes.




"Immediate results can help public health officers and water management authorities make informed decisions to protect public health. This rapid response capability is crucial for preventing the spread of waterborne diseases and ensuring the safety of drinking water."

STEC is normally found in the intestines of healthy animals like cows and sheep, which carry it without getting sick. The bacteria spreads to people through contact with animal waste, or by eating or drinking contaminated food or water.

A small sample of water can be tested on-site using isothermal amplification technology which can identify the genetic markers of STEC bacteria, and related E. coli. The results are delivered in about 40minutes through a reading on screen. Traditional lab testing of samples can take days for results to be returned.

The research, funded by Environment Protection Agency through the DERIVE project, tested samples from various water sources, including groundwater wells, rivers, a turlough and a farm drain on the Corrib catchment in Galway. Of the samples tested 61% were positive for the presence of this dangerous pathogen.

Dr Alfahl said: "Our testing is sensitive enough to identify as low as two cells of the STEC bacteria. The gold standard for testing is culture in a lab, but this can take days and often weeks, and on occasion can return a false negative result -- just because the culture does not grow in the lab does not always mean the bacteria has not been present in the water. Our test removes the necessity for samples to go to a lab. It offers on-the-spot results and is of huge benefit to the people using the water as a first-step in identifying a contamination and a potential health risk."

Dr O'Connor said: "This new testing method is particularly important for areas that rely on private groundwater wells, which can be more prone to contamination. In Ireland, a significant portion of the population depends on these for their drinking water -- about 720,000 people, or one in every 5 households, but quality has been an issue as regulation is less stringent on these sources and testing is less frequent."
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Walking the walk, scientists develop motion-compatible brain scanner | ScienceDaily
An upright neuroimaging device developed by West Virginia University neuroscientists, physicists and engineers that allows patients to move around while undergoing a brain scan could help set priorities for the evolution of imaging tools.


						
Researchers tested their prototype in a real world setting to assess its accuracy and determine needs for improvement. The prototype is being designed to address issues with traditional Positron Emission Tomography -- PET -- scanners which require patients to lie still for imaging.

"A lot of PET imaging is being done for research or diagnostics with patients with diseases that cause involuntary or uncontrollable movement such as Parkinson's. This makes it difficult or impossible to test these patients when their symptoms become too severe, since regular brain imagers require staying very still. Also, if you want to study human behaviors like walking, anxiety-provoking tasks or even addiction, this device could provide a way to image," said Julie Brefczynski-Lewis, research assistant professor in the Department of Neuroscience at the WVU School of Medicine and the Rockefeller Neuroscience Institute.

"It's also helpful with imaging for patients with cognitive issues like dementia because they have trouble staying still and even understanding the instruction they need to stay still, so they usually have to be anesthetized. If we want to image their brain while they're awake and alert, this would be a way to do that as well."

The scanner is an upgrade of an earlier prototype Brefczynski-Lewis and her team developed with funding from West Virginia Clinical and Translational Science Institute.

While both versions are helmets, the first was heavier and only allowed slight movement of the head from side to side. The new one, called an Ambulatory Motion-enabling PET, or AMPET, is lighter weight and fits the head much like hard hats construction workers wear. A balanced support is at the top.

"What we like about the AMPET is that it moves with the head, and you can be in a real environment where you're immersed and walk with it on," she said. "What we demonstrated in the study is that when the patients walk, it's not moving relative to the head and that's what allowed us to get a relatively clean image. We also wanted to see what should be improved by us or other laboratories that are making these devices."

The study, conducted by Brefczynski-Lewis and colleagues from the School of Medicine, was published in the journal Nature Communications Medicine.




"The purpose of this study was, we have this new technology and we can model it on a computer until the cows come home. But until you work with actual patients, you don't know how it's really going work in the real world," she said.

To test the prototype, the team enlisted volunteer outpatients who were scheduled for other scans and were already receiving medications used for imaging. Participants fitted with the helmet walked in place while researchers watched for motion tolerance and assessed neural activity in motor-related brain regions.

"We observed brain activity in the parts of the brain that control leg movements when the patients walked, which was what we had hoped to see," Brefczynski-Lewis said.

Their findings were further confirmed by observing one patient who had a prosthetic leg from hip to foot. His brain activity displayed predominantly in the area that represented the natural leg.

"That was almost a separate test in itself that we didn't expect," she said.

To enhance the prototype, researchers want to add a motion tracking system as well as make the helmet bigger so that it could image a larger area of the brain.




"Motion tracking is already made for other technologies, so all we have to do is apply it to our device," Brefczynski-Lewis said. "That will help because sometimes we miss the area of the brain we want to see."

In addition to performing imaging for patients who aren't able to stay still, Brefczynski-Lewis said the AMPET can be useful to neuroscientists researching human behaviors and activities with natural movement such as gestures, conversation and balance.

"In order to study balance, people have been in MRIs lying down and imagining themselves balancing, which isn't the same as actually balancing, or they have a surface imager that doesn't capture the deep brain structures," she explained. "You can see some parts of the brain, but not the deep core parts of the brain that are usually more involved with things like movement, balance, emotion, memory, fear and joy."

In the future, Brefczynski-Lewis and her team envision the AMPET being used to monitor brain activity and provide treatment for people with PTSD, study mindfulness meditation and integrate with virtual reality technologies.

"To be able to image the brain in motion, we're showing that there's a whole new field that could open up because of our device," she said. "We can extend our neuroimaging research into human behaviors that are natural -- how we interact with the world and how we interact with others.

Collaborating on the study with Brefczynski-Lewis were students Nanda K. Siva of Parkersburg and Colson Glover of Lewisburg; Kaylee Nott of Point Pleasant, West Virginia IDeA Network of Biomedical Research Excellence summer intern; Alexander Stolin, Gary Marano, Benjamin Parker, MaryBeth Mandich and James W. Lewis, WVU School of Medicine; Christopher Bauer, Sonia Chandi, Si Gao and Helen Melnick, University alumni; Stan Majewski, former WVU researcher; and Jinyi Qi.
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Dozing at the wheel? Not with these fatigue-detecting earbuds | ScienceDaily
Everyone gets sleepy at work from time to time, especially after a big lunch. But for people whose jobs involve driving or working with heavy machinery, drowsiness can be extremely dangerous -- if not outright deadly. Drowsy driving contributes to hundreds of fatal vehicle accidents in the U.S. each year, and the National Safety Council has cited drowsiness as a critical hazard in construction and mining.


						
To help protect drivers and machine operators from the dangers of drifting off, engineers at the University of California, Berkeley, have created prototype earbuds that can detect the signs of drowsiness in the brain.

The earbuds detect brain waves in the same way as an electroencephalogram (EEG), a test that doctors use to measure electrical activity in the brain. While most EEGs detect brain waves using a series of electrodes attached to the head, the earbuds do so using built-in electrodes that are designed to make contact with the ear canal.

The electrical signals detected by the ear buds are smaller than those picked up by a traditional EEG. However, in a new study, the researchers show that their Ear EEG platform is sensitive enough to detect alpha waves, a pattern of brain activity that increases when you close your eyes or start to fall asleep.

"I was inspired when I bought my first pair of Apple's AirPods in 2017. I immediately thought, 'What an amazing platform for neural recording,'" said study senior author Rikky Muller, an associate professor of electrical engineering and computer sciences at UC Berkeley. "We believe that this technology has many potential uses, and that classifying drowsiness is a good indicator that the technology can be used to classify sleep and even diagnose sleep disorders."

Using an earbud as an EEG electrode poses a variety of practical challenges. In order to obtain an accurate EEG, electrodes need to make good contact with the skin. This is relatively easy to achieve in traditional EEGs, which use flat metal electrodes stuck to the scalp. However, it is much trickier to design an earbud that will fit snugly -- and comfortably -- in a wide variety of ear sizes and shapes.

When Muller's team started working on the project, other groups developing Ear EEG platforms were either using wet electrode gels to ensure a good seal between the earbud and the ear canal, or creating custom-molded earpieces for each individual user. She and her team wanted to design a model that was dry and user generic, so that anyone could stick them in their ears and get reliable readings.




"My personal goal was to try to make a device that could be used every day by someone who would really benefit from it," said Ryan Kaveh, a UC Berkeley postdoctoral scholar and co-first author of the study. "In order to do that, I knew that it would have to be reusable, fit a variety of people, and [be] easy to manufacture."

Kaveh co-led the study with graduate student Carolyn Schwendeman and collaborated with Ana Arias's lab at UC Berkeley to design the final earpiece in three sizes: small, medium and large. The earpiece incorporates multiple electrodes in a cantilevered design that applies gentle outward pressure to the ear canal and uses flexible electronics to ensure a comfortable fit. The signals are read out through a custom, low-power, wireless electronic interface.

In a 2020 paper, the researchers showed that these earpieces can detect a number of physiological signals, including eye blinks, alpha brain waves and the auditory steady-state response, which is the brain's response to hearing a steady pitch. In the new study, they improved the earpiece design and incorporated machine learning to demonstrate how the earpieces could be used in a real-world application.

As part of the experiment, they asked nine volunteers to wear the earpieces while doing a series of boring tasks in a darkened room. Every so often, the volunteers were asked to rate their level of drowsiness, and their response times were measured.

"We found that even when the signal quality from the earpieces seemed worse, we could still classify the onset of drowsiness with the same level of accuracy as much more complicated, bulky systems," Kaveh said. The earpieces also retain their accuracy when categorizing drowsiness in brand-new users, a characteristic of devices that could work 'out of the box'.

Muller, who developed the Ear EEG with the support of the Bakar Fellowship and the Bakar Prize, is continuing to refine the design and explore other potential applications of the device, which can also record signals beyond EEG, such as heart beats, eye movements and jaw clenches.

"Wireless earbuds are something we already wear all the time," Muller said. "That's what makes Ear EEG such a compelling approach to wearables. It doesn't require anything extra."

This study was supported in part by the Ford University Research Program and a Bakar Spark Award.
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Researchers dig deeper into stability challenges of nuclear fusion -- with mayonnaise | ScienceDaily
Mayonnaise continues to help researchers better understand the physics behind nuclear fusion.


						
"We're still working on the same problem, which is the structural integrity of fusion capsules used in inertial confinement fusion, and Hellmann's Real Mayonnaise is still helping us in the search for solutions," says Arindam Banerjee, the Paul B. Reinhold Professor of Mechanical Engineering and Mechanics at Lehigh University and Chair of the MEM department in the P.C. Rossin College of Engineering and Applied Science.

In simple terms, fusion reactions are what power the sun. If the process could be harnessed on earth, scientists believe it could offer a nearly limitless and clean energy source for humanity. However, replicating the sun's extreme conditions is an incredibly complex challenge. Researchers across science and engineering disciplines, including Banerjee and his team, are examining the problem from a multitude of perspectives.

Inertial confinement fusion is a process that initiates nuclear fusion reactions by rapidly compressing and heating capsules filled with fuel, in this case, isotopes of hydrogen. When subjected to extreme temperatures and pressure, these capsules melt and form plasma, the charged state of matter that can generate energy.

"At those extremes, you're talking about millions of degrees Kelvin and gigapascals of pressure as you're trying to simulate conditions in the sun," says Banerjee. "One of the main problems associated with this process is that the plasma state forms these hydrodynamic instabilities, which can reduce the energy yield."

In their first paper on the topic back in 2019, Banerjee and his team examined that problem, known as Rayleigh-Taylor instability. The condition occurs between materials of different densities when the density and pressure gradients are in opposite directions, creating an unstable stratification.

"We use mayonnaise because it behaves like a solid, but when subjected to a pressure gradient, it starts to flow," he says. Using the condiment also negates the need for high temperatures and pressure conditions, which are exceedingly difficult to control.




Banerjee's team used a custom-built, one-of-a-kind rotating wheel facility within Banerjee's Turbulent Mixing Laboratory to mimic the flow conditions of the plasma. Once the acceleration crossed a critical value, the mayo started to flow.

One of the things they figured out during that initial research was that before the flow became unstable, the soft solid, i.e., the mayo, went through a couple of phases.

"As with a traditional molten metal, if you put a stress on mayonnaise, it will start to deform, but if you remove the stress, it goes back to its original shape," he says. "So there's an elastic phase followed by a stable plastic phase. The next phase is when it starts flowing, and that's where the instability kicks in."

Understanding this transition between the elastic phase and the stable plastic phase is critical, he says, because knowing when the plastic deformation starts might tip off researchers as to when the instability would occur, Banerjee says. Then, they'd look to control the condition in order to stay within this elastic or stable plastic phase.

In their latest paper, published in Physical Review E, the team (including former graduate student and first author of the study, Aren Boyaci '24 PhD, now working at Rattunde AG as a Data Modeling Engineer in Berlin, Germany), looked at the material properties, the perturbation geometry (amplitude and wavelength), and the acceleration rate of the materials that undergo Rayleigh-Taylor instability.

"We investigated the transition criteria between the phases of Rayleigh-Taylor instability, and examined how that affected the perturbation growth in the following phases," Boyaci says. "We found the conditions under which the elastic recovery was possible, and how it could be maximized to delay or completely suppress the instability. The experimental data we present are also the first recovery measurements in the literature."

The finding is an important one as it could inform the design of the capsules in such a way that they never become unstable.




There is, however, the looming question of how the team's data fit into what happens in actual fusion capsules, the property values of which are orders of magnitude different from the soft solids used in their experiments.

"In this paper, we have non-dimensionalized our data with the hope that the behavior we are predicting transcends these few orders of magnitude," says Banerjee. "We're trying to enhance the predictability of what would happen with those molten, high-temperature, high-pressure plasma capsules with these analog experiments of using mayonnaise in a rotating wheel."

Ultimately, Banerjee and his team are part of a global effort to turn the promise of fusion energy into reality.

"We're another cog in this giant wheel of researchers," he says. "And we're all working towards making inertial fusion cheaper and therefore, attainable."
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Advanced chelators offer efficient and eco-friendly rare earth element recovery | ScienceDaily
The world is going to need a lot of weird metals in the coming years, according to chemistry professor Justin Wilson at UC Santa Barbara. But he isn't talking about lithium, cobalt or even beryllium. Wilson's interested in dysprosium, which is so hidden in the periodic table that you'd be forgiven for thinking he made it up.


						
Rare earth elements (REEs) like dysprosium have a lot of niche uses in modern electronics. So much so that the U.S. Department of Energy classifies them as "critical minerals." And while they aren't quite as rare as noble metals like platinum or gold, they are difficult to obtain from natural deposits. They also share extremely similar chemical properties, making them devilishly difficult to isolate from one another.

But a team led by Wilson and postdoctoral researcher Yangyang Gao has just developed a technique to purify certain REEs at room temperature without relying on the toxic and caustic compounds currently used for the task. The results, published in the journal Angewandte Chemie, promise a safer, more effective way to process these metals from mining operations and recover them from electronic waste.

Useful elements out of the public eye

Rare earth elements include scandium, yttrium and the lanthanides -- the first of the two rows that publishers excise from the periodic table so that it fits on a single page. The lanthanides (and actinides below them) actually slot in just to the right of the second column. You may be familiar with the REE neodymium as the metal used to make crazy strong magnets. Wilson is interested in neodymium as well.

These elements share many chemical properties, making them tough to separate from one another. They all form ions with a +3 charge, and they all prefer to bond with non-metals in the second row of the periodic table (like oxygen and nitrogen). Fortunately, they differ slightly in their ionic radius, or size. However, their sizes are still fairly similar, with only a 16% change in radius across the series.

Despite their similar physical and chemical properties, the REEs do have their distinguishing features. Differences in the number and arrangement of valence electrons confer each of these elements with distinct magnetic and optical properties. Only by isolating them in pure samples can we take advantage of these unique characteristics.




Tuning the technique

The current industry standard for separating REEs from one another is called liquid-liquid extraction, which combines an organic solvent (such as a kerosene or benzene) and a water-based solvent. "It's like salad dressing at this point, where you have two phases and they don't mix," Wilson said. So chemists add molecules called chelators into the organic solvent that are designed to bind to REEs.

The key is that these chelators have a slight preference for smaller atoms, which enables them to separate one type of REE from another based on size. Still the process is rather inefficient: only a couple percent enrichment for each extraction cycle. Obtaining a sufficiently pure sample of a particular element for industrial use requires many liquid-liquid extraction cycles, which generates a lot of chemical waste.

Wilson and his co-authors at Cornell and University of Nevada, Reno, developed more optimized chelators and a process that doesn't require an organic solvent. This eliminates substances that are often inflammable, carcinogenic and toxic.

The authors tested their method in a solution of dysprosium (Dy) and neodymium (Nd). They used a specific chelator, called G-macropa, to bind to the larger Nd atoms, and then added sodium bicarbonate (aka baking soda) to cause the smaller Dy to precipitate as a carbonate salt. This can simply be filtered out and processed to recover the pure metal. Decreasing the acidity of the remaining solution enabled them to separate the Nd from the chelator, which can then be reused.

A single cycle of this new process can concentrate dysprosium by a factor of over 800, compared to less than 10 for liquid-liquid extraction.




"[I was very surprised] when my postdoc, Yangyang, showed me the elemental analysis data," Wilson said. After repeating the test to confirm the results, the team realized just how fine-tuned their chelator was for this separation process.

By collaborating with David Cantu, a professor at UN Reno, they were able to understand and compare the efficacy of G-macropa to other chelators at a molecular level. These theoretical studies will help scientists design second-generation analogues.

Large applications and small adjustments

This efficiency is important for scaling the process because the G-macropa chelator is more complex, and thus expensive, than the ones in standard use. The team is also exploring chelators that may be less expensive to produce.

Wilson and his co-authors focused on separating Nd from Dy because the two elements are abundant in e-waste, particularly those neodymium magnets. Indeed, they performed their experiments on e-waste to emphasize its potential for making recycling an economically viable source of REEs.

They're working to tailor this technique to other assemblages of rare earth elements as well as ensuring it works with high concentrations of REEs more similar to industrial sources.

Advances in separating rare earth elements could massively impact the supply chain for these metals. The United States has large deposits of REEs, but important environmental and health regulations have prevented American industries from competing with China, where these safeguards are much more lax.

"A cleaner and more efficient separation of these elements could potentially open up domestic supplies of the rare earth elements," Wilson said. This would be a win-win for national security and the American economy as these weird metals become ever more important.
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Soft gold enables connections between nerves and electronics | ScienceDaily
Gold does not readily lend itself to being turned into long, thin threads. But researchers at Linkoping University in Sweden have now managed to create gold nanowires and develop soft electrodes that can be connected to the nervous system. The electrodes are soft as nerves, stretchable and electrically conductive, and are projected to last for a long time in the body.


						
Some people have a "heart of gold," so why not "nerves of gold"? In the future, it may be possible to use this precious metal in soft interfaces to connect electronics to the nervous system for medical purposes. Such technology could be used to alleviate conditions such as epilepsy, Parkinson's disease, paralysis or chronic pain. However, creating an interface where electronics can meet the brain or other parts of the nervous system poses special challenges.

"The classical conductors used in electronics are metals, which are very hard and rigid. The mechanical properties of the nervous system are more reminiscent of soft jelly. In order to get an accurate signal transmission, we need to get very close to the nerve fibres in question, but as the body is constantly in motion, achieving close contact between something that is hard and something that is soft and fragile becomes a problem," says Klas Tybrandt, professor of materials science at the Laboratory of Organic Electronics at Linkoping University, who led the research.

Researchers therefore want to create electrodes that have good conductivity as well as mechanical properties similar to the softness of the body. In recent years, several studies have shown that soft electrodes do not damage the tissue as much as hard electrodes may do. In the current study, published in the journal Small, a group of researchers at Linkoping University have developed gold nanowires -- a thousand times thinner than a hair -- and embedded them in an elastic material to create soft microelectrodes.

"We've succeeded in making a new, better nanomaterial from gold nanowires in combination with a very soft silicone rubber. Getting these to work together has resulted in a conductor that has high electrical conductivity, is very soft and made of biocompatible materials that function with the body," says Klas Tybrandt.

Silicone rubber is used in medical implants, such as breast implants. The soft electrodes also include gold and platinum, metals that are common in medical devices for clinical use. However, making long, narrow gold nanostructures is very difficult. This has so far been a major obstacle, but the researchers have now come up with a new way to manufacture gold nanowires. And they do it by using silver nanowires.

As silver has unique properties that make it a very good material to create the kind of nanowires that the researchers are after, it is used in some stretchable nanomaterials. The problem with silver is that it is chemically reactive. In the same way that silver cutlery will discolour over time when chemical reactions occur on the surface, silver in nanowires breaks down so that silver ions leak out. In a high enough concentration, silver ions can be toxic to us.




It was when Laura Seufert, a doctoral student in Klas Tybrandt's research group, was working on finding a way to synthesize, or "grow," gold nanowires that she came up with a new approach that opened up new possibilities. At first, it was difficult to control the shape of the nanowires. But then she discovered a way that resulted in very smooth wires. Instead of trying to grow gold nanowires from the beginning, she started with a thin nanowire made of pure silver.

"As it's possible to make silver nanowires, we take advantage of this and use the silver nanowire as a kind of template on which we grow gold. The next step in the process is to remove the silver. Once that's done, we have a material that has over 99 per cent gold in it. So it's a bit of a trick to get around the problem of making long narrow gold nanostructures," says Klas Tybrandt.

In collaboration with Professor Simon Farnebo at the Department of Biomedical and Clinical Sciences at Linkoping University, the researchers behind the study have shown that the soft and elastic microelectrodes can stimulate a rat nerve as well capture signals from the nerve.

In applications where the soft electronics are to be embedded in the body, the material must last for a long time, preferably for life. The researchers have tested the stability of the new material and concluded that it will last for at least three years, which is better than many of the nanomaterials developed so far.

The research team is now working on refining the material and creating different types of electrodes that are even smaller and can come into closer contact with nerve cells.

The research has been funded with support from, among others, the Swedish Foundation for Strategic Research, the Swedish Research Council, the Knut and Alice Wallenberg Foundation and through the Swedish Government's strategic research area in advanced functional materials, AFM, at Linkoping University.
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A new way of thinking about the economy could help protect the Amazon, and help its people thrive | ScienceDaily
To protect the Amazon and support the wellbeing of its people, its economy needs to shift from environmentally harmful production to a model built around the diversity of indigenous and rural communities, and standing forests.


						
A group of conservationists from Bolivia, Brazil, Peru, Ecuador, the US and the UK say that current conservation and development efforts will never sustain or scale without systemic changes in how economies are designed.

Despite extensive destruction of the Amazon in the name of economic development, Amazonian communities have seen little improvement in income, life expectancy, and education. The researchers have proposed a new model and associated policy changes that could create fair and sustainable futures for the Amazon and its people by improving infrastructure, supply chains, and social organisations.

Their results, reported in the journal Nature Ecology and Evolution, are focused on the Amazon, however the researchers say similar economic models could be implemented around the world if the political will exists.

The Amazon basin is home to the world's largest tropical rainforest, representing over half of the world's remaining rainforest, and stores vast amounts of carbon. However, decades of large-scale deforestation, as well as the increased risk of fires and floods due to climate change, has put much of the Amazon rainforest under threat. In addition to what the loss of the Amazon would mean for global carbon emissions, the rainforest is also home to many indigenous peoples and thousands of species of plants and animals.

"We need a different vision for the Amazon if we're going to protect it," said lead author Professor Rachael Garrett from the University of Cambridge's Department of Geography and the Conservation Research Institute. "Half a century of deforestation and exploitation of the Amazon has not resulted in widespread development, and now the economic value of deforested areas is threatened, not to mention the threats to the global climate and water security."

Working with colleagues from the Amazonian region, Garrett has proposed building on the success of indigenous and traditional communities to develop new economies, which could protect much of the Amazon while also improving the livelihoods, health, and food security of the many people who live there. These economic models are known as socio-bioeconomies, or SBEs.




"Conventional economic models can result in short-term gains, but over the longer term, the people and resources of the Amazon basin have been exploited by powerful interests, while there has been an underinvestment in education, innovation, and sustainable infrastructure," said Garrett. "The conventional economic model is simply not sustainable."

The SBE model is focused on using and restoring Amazonian and other ecosystems sustainably, and supporting indigenous and rural communities. An SBE economy might include eco-friendly tourism, or the sustainable harvest and processing of plant products into valuable foods, beverages, clothing, and medicines.

"A limited range of interests are controlling the development agenda in most countries," said Garrett. "The only way we can change that is improving the rights and representation of the people who are not benefiting from the systems and are being harmed by ongoing environmental destruction. We believe it is possible to have win-wins for humanity and conservation, but not if we continue to consume products that have a massively negative impact. SBEs can help put these win-wins into policy and practice."

Garrett cites the footwear brand Veja as an example of such a win-win. The French company buys the rubber for its sneakers from small-scale Amazonian rubber farmers, and purchases 100% of the responsibly harvested native rubber in Brazil. As part of its sustainability efforts, the company focuses on building communities of small-scale farmers and has been financially successful without traditional advertising.

Garrett and her collaborators are calling for massive increases in social mobilisation, technology and infrastructure to support SBEs. Under an SBE model, governmental subsidies would be redirected away from agribusiness and toward smaller-scale sustainable development. The researchers also outline how to build connections between rural and urban policies in SBEs. An example is the establishment of public procurement programmes where healthy and sustainably produced foods are purchased directly from indigenous and small farming communities and served in school lunch programmes and hospitals, instead of supporting large-scale agribusiness engaged in degrading practices.

Other policy changes that could support an SBE model include redirecting finance to conservation and restoration activities, supporting community enterprises, and ensuring participatory processes to ensure inclusive, long-term benefits.

"It's possible to have an economy that is strong and works for everyone when we dare to develop new models and visions that recognise the interconnectedness of people and nature," said Garrett. "By popularising these ideas, investing in people and businesses who are making a difference, and supporting research into SBE innovation we can support a transformation in both conservation and development in the Amazon.

"The SBE model could help protect the Amazon and its people while avoiding climate and biodiversity disasters, but there needs to be the political will to make it happen."

Rachael Garrett is the incoming director of the University of Cambridge Conservation Research Institute and a Fellow of Homerton College, Cambridge. She is a council member of the Cambridge Conservation Initiative and serves on the UN Science Panel for the Amazon.
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Heating for fusion: Why toast plasma when you can microwave it! | ScienceDaily
Some believe the future of fusion in the U.S. lies in compact, spherical fusion vessels. A smaller tokamak, it is thought, could offer a more economical fusion option. The trick is squeezing everything into a small space. New research suggests eliminating one major component used to heat the plasma, freeing up much-needed space.


						
Scientists at the U.S. Department of Energy's (DOE) Princeton Plasma Physics Laboratory (PPPL), the private company Tokamak Energy and Kyushu University in Japan have proposed a design for a compact, spherical fusion pilot plant that heats the plasma using only microwaves. Typically, spherical tokamaks also use a massive coil of copper wire called a solenoid, located near the center of the vessel, to heat the plasma. Neutral beam injection, which involves applying beams of uncharged particles to the plasma, is often used as well. But much like a tiny kitchen is easier to design if it has fewer appliances, it would be simpler and more economical to make a compact tokamak if it has fewer heating systems.

The new approach eliminates ohmic heating, which is the same heating that happens in a toaster and is standard in tokamaks. "A compact, spherical tokamak plasma looks like a cored apple with a relatively small core, so one does not have the space for an ohmic heating coil," said Masayuki Ono, a principal research physicist at PPPL and lead author of the paper detailing the new research. "If we don't have to include an ohmic heating coil, we can probably design a machine that is easier and cheaper to build."

Identifying the ideal beam angle and heating mode

Microwaves are a form of electromagnetic radiation that can be generated using a device known as a gyrotron. The gyrotrons would sit on the outside of the tokamak -- metaphorically speaking, just outside the apple skin -- aimed toward the core. As the gyrotrons emitted powerful waves into the plasma, they would generate a current by moving negatively charged particles known as electrons. This process, known as electron cyclotron current drive (ECCD), both drives a current in and heats up the plasma. The heating process is not as simple as just turning on some gyrotrons, however. The researchers need to model different scenarios and determine various details, such as the best angle to aim the gyrotrons so the microwaves penetrate the plasma properly.

Using a computer code called TORAY coupled with one called TRANSP, the team scanned the aiming angles and saw what gave the highest efficiency. The goal is to use as little power as possible to drive the necessary current. "Also, you have to try to avoid any of the power that you're putting into the plasma coming back out," said Jack Berkery, a co-author on the paper and the deputy director of research for the National Spherical Torus Experiment-Upgrade (NSTX-U). This can happen when the microwaves are reflected off the plasma or when they enter the plasma but exit without changing the plasma's current or temperature. "There were a lot of scans of different parameters to find the best solution," Berkery said.

The research team also determined which mode of ECCD would work best for each phase of the heating process. There are two modes: ordinary mode, known as O mode, and extraordinary mode, known as X mode. The researchers see X mode as the best fit for ramping up the temperature and current of the plasma, while O mode is the best choice after the ramp-up, when the plasma temperature and current simply need to be maintained.




"O mode is good for a high-temperature, high-density plasma. But we found that O mode efficiency becomes very poor at lower temperatures, so you need something else to take care of the low-temperature regime," said Ono.

Considering the impact of impurities

The authors, including postdoctoral researcher Kajal Shah, also investigated how power would radiate away from the plasma. Such radiation could be significant in a plasma as big as one needed for commercial fusion. Luis Delgado-Aparicio, the Lab's head of the Advanced Projects Department and a co-author on the paper, notes that it will be particularly important to minimize the number of impurities from elements with a high atomic number, which is also known as a Z number, in the periodic table. Those are the elements with many positively charged particles, known as protons. The more protons an element has, the higher its Z number and the more it can contribute to heat loss. Tungsten and molybdenum, for example, have Z numbers, so their use inside a compact spherical tokamak would need to be carefully considered with an eye toward running the reactor in ways that would reduce impurity transfer into the plasma.

While the strong magnetic fields largely confine the plasma inside a tokamak in a particular shape, sometimes plasma can come close to the interior walls of the tokamak. "When this happens, atoms from the walls can sputter off and enter the plasma, cooling it," said Delgado-Aparicio. "Even a relatively small amount of an element with a high Z number can cause the temperature of the plasma to cool significantly." So, it is particularly important to keep impurities out of the plasma -- as much as possible -- particularly while the temperature is still ramping up.

Private-public partnerships: The future of fusion

The heating simulations are part of a design project known as the Spherical Tokamak Advanced Reactor or STAR. The project is a strategic initiative to develop plans for a pilot power plant. Berkery said the project provides PPPL researchers with an opportunity to apply their expertise in physics, engineering and working with the computer codes for fusion simulations while working in partnership with private firms on their plans for fusion power plants with a spherical tokamak design.

Vladimir Shevchenko, a co-author on the paper and a senior technical adviser at Tokamak Energy, said he plans to run experiments at the end of next year in the company's fusion vessel, ST40, to compare to the simulation results presented in the paper. "Other heating systems have very, very serious problems," Shevchenko said. "I see this as the future for tokamak heating systems."

Shevchenko thinks the project benefits from the public-private partnership between PPPL and Tokamak Energy, one of the companies selected for the DOE milestone-based fusion development program. "PPPL has a lot of experienced specialists in different areas related to plasma physics and tokamak technologies. Their contribution in terms of modeling and advising is very valuable for a private company like Tokamak Energy," he said.

Other PPPL researchers on this project include Nicola Bertelli, Syun'ichi Shiraiwa, Jon Menard and Alvaro Sanchez Villar. This research was completed with funding from the DOE under contract number DE-AC02-09CH11466.
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Astronomers uncover risks to planets that could host life | ScienceDaily
A groundbreaking study has revealed that red dwarf stars can produce stellar flares that carry far-ultraviolet (far-UV) radiation levels much higher than previously believed. This discovery suggests that the intense UV radiation from these flares could significantly impact whether planets around red dwarf stars can be habitable. Led by current and former astronomers from the University of Hawaii Institute for Astronomy (IfA), the research was recently published in the Monthly Notices of the Royal Astronomical Society.


						
"Few stars have been thought to generate enough UV radiation through flares to impact planet habitability. Our findings show that many more stars may have this capability," said astronomer Vera Berger, who undertook the study while in the Research Experiences for Undergraduates program at IfA, an initiative supported by the National Science Foundation.

Berger and her team used archival data from the GALEX space telescope to search for flares among 300,000 nearby stars. GALEX is a now-decommissioned NASA mission that simultaneously observed most of the sky at near-and far-UV wavelengths from 2003 to 2013. Using new computational techniques, the team mined novel insights from the data.

"Combining modern computer power with gigabytes of decades-old observations allowed us to search for flares on thousands and thousands of nearby stars," said Michael Tucker, a PhD graduate of IfA and now a postdoctoral fellow at Ohio State University.

UV's double edge 

According to researchers, UV radiation from stellar flares can either erode planetary atmospheres, threatening their potential to support life, or contribute to the formation of RNA building blocks, which are essential for the creation of life.

This study challenges existing models of stellar flares and exoplanet habitability, showing that far-UV emission from flares is on average three times more energetic than typically assumed, and can reach up to twelve times the expected energy levels.




"A change of three is the same as the difference in UV in the summer from Anchorage, Alaska to Honolulu, where unprotected skin can get a sunburn in less than 10 minutes," said Benjamin J. Shappee, an Associate Astronomer at IfA who mentored Berger.

Hidden causes 

The exact cause of this stronger far-UV emission remains unclear. The team believes it might be that flare radiation is concentrated at specific wavelengths, indicating the presence of atoms like carbon and nitrogen.

"This study has changed the picture of the environments around stars less massive than our Sun, which emit very little UV light outside of flares," said Jason Hinkle, a PhD candidate at IfA who co-authored the study.

According to Berger, now a Churchill Scholar at the University of Cambridge, more data from space telescopes is needed to study the UV light from stars, which is crucial for understanding the source of this emission.
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Engineers develop general, high-speed technology to model, explain catalytic reactions | ScienceDaily
Researchers have been studying the industrial production of ammonia for a century. But they've struggled to find ways to improve the low-yield, low-efficiency process.


						
Atmospheric nitrogen, with the aid of an iron catalyst, reacts with hydrogen to produce ammonia. That reaction produces lots of ammonia -- worldwide production is 160 million tons every year. Most is used in agriculture, especially as nitrogen fertilizer. It's also used in many industries, including refrigeration for food and beverage production. We all know it as a household cleaner.

A research team led by Qi An, an associate professor of materials science and engineering at Iowa State University, has developed artificial intelligence technology that could find ways to improve researchers' understanding of the chemical reactions involved in ammonia production and other complex chemical reactions.

"Our developed HDRL-FP framework has the potential to contribute significantly to the optimization of this process, potentially reducing production costs and CO2 emission, and facilitating the establishment of smaller and more widespread plants," the researchers wrote in a paper recently published online by the journal Nature Communications. "Therefore, the framework highlights its effectiveness and potential for predicting complex chemical reaction pathways."

HDRL-FP is High-Throughput Deep Reinforcement Learning with First Principles. An and his collaborators and co-authors -- Tian Lan and Huan Wang of Salesforce AI Research in California -- say the technology is full of potential.

"Exploring catalytic reaction mechanisms is crucial for understanding chemical processes, optimizing reaction conditions, and developing more effective catalysts," they wrote.

Of rewards and atoms

An said there are two keys to the researchers' software technology: a type of machine learning called reinforcement learning and connecting the simulation process with the positions of the atoms involved.




An said reinforcement learning is like training a dog by using rewards to encourage actions. In reinforcement learning, computers learn from their actions while seeking appropriate rewards. In this case, the rewards are all about finding the best, most-efficient, lowest-cost reaction path.

The method, when used with graphics processing units and high-throughput strategies, can quickly and automatically identify the optimal reaction pathway from thousands of potential pathways, An said. That effectively identifies viable reaction mechanisms amidst the extremely noisy data in real chemical reactions.

The researchers also built the technology to be useful for general studies of catalytic reactions. Studies start with the positions of atoms mapped on an energy landscape. That's enough -- researchers don't have to start with a more specific representation of the reaction environment, including the states, actions or rewards for a particular reaction.

An and his collaborators have worked on the project for about two years. It started when An moved to Iowa State and has been supported by his university startup funds.

He said the system's calculations for the reaction producing ammonia is considered a proof-of-concept demonstration.

"This allows us to figure out the reaction mechanism," An said. "We're able to see important reaction steps in ammonia synthesis."

The researchers' successful peek inside that reaction "enables the investigation of complex catalytic chemical reactions automatically," they wrote, "offering a promising approach for future research and discoveries."
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Seismic detectors measure soil moisture using traffic noise | ScienceDaily
Caltech researchers have developed a new method to measure soil moisture in the shallow subterranean region between the surface and underground aquifers. This region, called the vadose zone, is crucial for plants and crops to obtain water through their roots. However, measuring how this underground moisture fluctuates over time and between geographical regions has traditionally relied on satellite imaging, which only gives low-resolution averages and cannot penetrate below the surface. Additionally, moisture within the vadose zone changes rapidly -- a thunderstorm can saturate a region that dries out a few days later.


						
The new method relies upon seismic technology that normally measures how the ground shakes during earthquakes. However, it can also detect the vibrations of human activity, like traffic. As these vibrations pass through the ground, they are slowed down by the presence of water -- the more moisture, the slower the vibration moves. The new study measures the water content in the vadose zone through seismic rumblings from everyday traffic.

The research is a collaboration between the laboratories of hydrologist Xiaojing (Ruby) Fu, assistant professor of mechanical and civil engineering; and seismologist Zhongwen Zhan, professor of geophysics. A paper describing the work appears in the journal Nature Communications on August 5.

The new method is based on a technique pioneered in the Zhan lab, called distributed acoustic sensing (DAS). With this technique, lasers are pointed into unused underground fiber-optic cables (like the kind that provides internet). As a seismic wave, or any kind of vibration, passes through the cable, the laser light bends and refracts. Measuring the wiggles in this laser light gives researchers information about the passing wave, making the 10-kilometer cable equivalent to a line of thousands of conventional seismic sensors.

In the wake of the 2019 magnitude 7.2 earthquake in Ridgecrest, California, Zhan set up a DAS array on a nearby cable to measure aftershocks. In collaboration with Fu, the team quickly realized that the array could also be used to measure how everyday underground vibrations change depending on soil water content. Over five years, the team collected data and created models to illustrate how moisture in the vadose zone varies over time. They found that during the historic drought in California from 2019 to 2022, moisture in the vadose zone decreased significantly at a rate of 0.25 meters per year, exceeding the mean average precipitation.

"From the top 20 meters of soil in the Ridgecrest region, we can extrapolate to the entire Mojave desert," says Yan Yang, a graduate student in geophysics and co-first author of the study. "Our rough estimation is that every year, the Mojave vadose zone loses an amount of water equivalent to the Hoover Dam. Over the drought years of 2019 through 2022, the vadose zone has been drier and drier."

The ability to measure vadose zone moisture in real time is crucial for managing water use and conservation efforts. Next, the team intends to deploy the technology in regions other than the desert.

"We know this method works really well for this particular site," Fu says. "Many other interesting regions with the same climate could have different hydrological processes, like central California, where farming operations withdraw water, but the region also receives snowmelt from the Sierra Nevada mountains."

Seismological instruments have never been used to measure soil moisture at such a large scale for such an extended and continuous timespan. The project was made possible through funding and support from Caltech's Resnick Sustainability Institute (RSI).

"This is exactly the type of interdisciplinary, creative science that the Resnick Institute was designed to support, bringing together colleagues that otherwise wouldn't have worked together, and in that collaboration develop new tools that can help measure and manage water availability more sustainably," says Neil Fromer, Executive Director of Programs with the Resnick Sustainability Institute.
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First measurement of electron- and muon-neutrino interaction rates at the highest energy ever detected from an artificial source | ScienceDaily
Neutrinos are fundamental particles in the Standard Model of particle physics, notable for their extremely small masses and weak interactions with matter. They are important for answering fundamental questions about the universe, including why particles have mass and why there is more matter than antimatter. Despite being abundant, their weak interactions make their detection difficult, and hence they are called "ghost particles." At any given moment, numerous neutrinos freely pass through the Earth and our bodies, which originate from the Sun or cosmic rays. Understanding their rare interactions with matter is crucial for obtaining a more complete picture of particle physics and the universe.


						
There are three types, or flavors, of neutrinos: electron neutrinos (ne), muon neutrinos (nm), and tau neutrinos (nt). So far, most neutrinos studied by researchers have been low-energy neutrinos. To date, neutrino interaction cross sections, which is the probability of a neutrino interacting with a target particle, had not been measured at energies above 300 gigaelectronvolts (GeV) for electron neutrinos and between 400 GeV and six teraelectronvolts (6000 GeV) for muon neutrinos.

In a groundbreaking study, a team of researchers led by Associate Professor Akitaka Ariga from the Graduate School of Science, Chiba University, Japan, also affiliated with the Laboratory for High Energy Physics, University of Bern, Switzerland, and Associate Professor Tomoko Ariga from the Faculty of Arts and Science, Kyushu University, Japan, utilized the Forward Search Experiment (FASER) at CERN's Large Hadron Collider (LHC), to achieve the first direct observation of high energy electron and muon neutrino interactions at a particle collider. The team included Dr. Ken Ohashi from the Laboratory for High Energy Physics at the University of Bern, Dr. Hiroaki Kawahara from the Faculty of Arts and Science at Kyushu University, and Project-specific Assistant Professor Daiki Hayakawa from the Graduate School of Science, Chiba University, along with other members of the FASER collaboration. Their findings were published in the journal Physical Review Letters on July 11, 2024.

One of the primary objectives of FASER is the study of high-energy neutrinos produced in the LHC's proton-proton (pp) collisions using the dedicated FASERn detector. Dr. Akitaka Ariga explains, "With FASERn, charged particle tracks produced by neutrino interactions in the detector can be reconstructed with sub-micron precision. This allows us to identify electron and muon charged-current (CC) neutrino interactions and the measurement of neutrino interaction cross-sections in the currently unexplored TeV energy range."

The FASERn emulsion detector is made of 730 layers of interleaved tungsten plates and emulsion films, with a total target mass of 1.1 tons. The researchers analyzed a subset of the exposed detector volume, corresponding to a mass of 128.6 kg, for high-energy neutrinos from the LHC pp collisions. After applying strict criteria, selecting events with electrons or muons with an energy above 200 GeV, four electron neutrino interaction candidate events and eight muon neutrino interaction candidate events were observed. These interactions had high statistical significance (5.2s for electron neutrinos and 5.7s for muon neutrinos), meaning they are highly unlikely to be random background fluctuations and therefore represent actual neutrinos.

The neutrinos detected in the study had energies in the teraelectronvolts range, the highest ever detected from an artificial source. This study marks the first measurement of neutrino interaction cross-sections in the unexplored energy range of 560-1740 GeV for electron neutrinos and 520-1760 GeV for muon neutrinos. Additionally, the measured interaction cross-sections were consistent with Standard Model predictions.

Highlighting the significance of the study, Dr. Akitaka Ariga says, "These results demonstrate the capability of studying flavor-tagged neutrino interactions at TeV energies with the FASERn emulsion-based detector at the LHC. This marks the first ever physics result on neutrinos from a particle collider, a breakthrough in particle physics that could revolutionize the strategy of large-scale experimental research in the field."
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Cracking the code of life: new AI model learns DNA's hidden language | ScienceDaily
DNA contains foundational information needed to sustain life. Understanding how this information is stored and organized has been one of the greatest scientific challenges of the last century. With GROVER, a new large language model trained on human DNA, researchers could now attempt to decode the complex information hidden in our genome. Developed by a team at the Biotechnology Center (BIOTEC) of Dresden University of Technology, GROVER treats human DNA as a text, learning its rules and context to draw functional information about the DNA sequences. This new tool, published in Nature Machine Intelligence, has the potential to transform genomics and accelerate personalized medicine.


						
Since the discovery of the double helix, scientists have sought to understand the information encoded in DNA. 70 years later, it is clear that the information hidden in the DNA is multilayered. Only 1-2 % of the genome consists of genes, the sequences that code for proteins.

"DNA has many functions beyond coding for proteins. Some sequences regulate genes, others serve structural purposes, most sequences serve multiple functions at once. Currently, we don't understand the meaning of most of the DNA. When it comes to understanding the non-coding regions of the DNA, it seems that we have only started to scratch the surface. This is where AI and large language models can help," says Dr. Anna Poetsch, research group leader at the BIOTEC.

DNA as a Language

Large language models, like GPT, have transformed our understanding of language. Trained exclusively on text, the large language models developed the ability to use the language in many contexts.

"DNA is the code of life. Why not treat it like a language?" says Dr. Poetsch. The Poetsch team trained a large language model on a reference human genome. The resulting tool named GROVER, or "Genome Rules Obtained via Extracted Representations," can be used to extract biological meaning from the DNA.

"GROVER learned the rules of DNA. In terms of language, we are talking about grammar, syntax, and semantics. For DNA this means learning the rules governing the sequences, the order of the nucleotides and sequences, and the meaning of the sequences. Like GPT models learning human languages, GROVER has basically learned how to 'speak' DNA," explains Dr. Melissa Sanabria, the researcher behind the project.




The team showed that GROVER can not only accurately predict the following DNA sequences but can also be used to extract contextual information that has biological meaning, e.g., identify gene promoters or protein binding sites on DNA. GROVER also learns processes that are generally considered to be "epigenetic," i.e., regulatory processes that happen on top of the DNA rather than being encoded.

"It is fascinating that by training GROVER with only the DNA sequence, without any annotations of functions, we are actually able to extract information on biological function. To us, it shows that the function, including some of the epigenetic information, is also encoded in the sequence," says Dr. Sanabria.

The DNA Dictionary

"DNA resembles language. It has four letters that build sequences and the sequences carry a meaning. However, unlike a language, DNA has no defined words," says Dr. Poetsch. DNA consists of four letters (A, T, G, and C) and genes, but there are no predefined sequences of different lengths that combine to build genes or other meaningful sequences.

To train GROVER, the team had to first create a DNA dictionary. They used a trick from compression algorithms. "This step is crucial and sets our DNA language model apart from the previous attempts," says Dr. Poetsch.

"We analyzed the whole genome and looked for combinations of letters that occur most often. We started with two letters and went over the DNA, again and again, to build it up to the most common multi-letter combinations. In this way, in about 600 cycles, we have fragmented the DNA into 'words' that let GROVER perform the best when it comes to predicting the next sequence," explains Dr. Sanabria.

The Promise of AI in Genomics

GROVER promises to unlock the different layers of genetic code. DNA holds key information on what makes us human, our disease predispositions, and our responses to treatments.

"We believe that understanding the rules of DNA through a language model is going to help us uncover the depths of biological meaning hidden in the DNA, advancing both genomics and personalized medicine," says Dr. Poetsch.
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AI for mental health screening may carry biases based on gender, race | ScienceDaily
Some artificial intelligence tools for health care may get confused by the ways people of different genders and races talk, according to a new study led by CU Boulder computer scientist Theodora Chaspari.


						
The study hinges on a, perhaps unspoken, reality of human society: Not everyone talks the same. Women, for example, tend to speak at a higher pitch than men, while similar differences can pop up between, say, white and Black speakers.

Now, researchers have found that those natural variations could confound algorithms that screen humans for mental health concerns like anxiety or depression. The results add to a growing body of research showing that AI, just like people, can make assumptions based on race or gender.

"If AI isn't trained well, or doesn't include enough representative data, it can propagate these human or societal biases," said Chaspari, associate professor in the Department of Computer Science.

She and her colleagues published their findings July 24 in the journal Frontiers in Digital Health.

Chaspari noted that AI could be a promising technology in the healthcare world. Finely tuned algorithms can sift through recordings of people speaking, searching for subtle changes in the way they talk that could indicate underlying mental health concerns.

But those tools have to perform consistently for patients from many demographic groups, the computer scientist said. To find out if AI is up to the task, the researchers fed audio samples of real humans into a common set of machine learning algorithms. The results raised a few red flags: The AI tools, for example, seemed to underdiagnose women who were at risk of depression more than men -- an outcome that, in the real world, could keep people from getting the care they need.




"With artificial intelligence, we can identify these fine-grained patterns that humans can't always perceive," said Chaspari, who conducted the work as a faculty member at Texas A&M University. "However, while there is this opportunity, there is also a lot of risk."

Speech and emotions

She added that the way humans talk can be a powerful window into their underlying emotions and wellbeing -- something that poets and playwrights have long known.

Research suggests that people diagnosed with clinical depression often speak more softly and in more of a monotone than others. People with anxiety disorders, meanwhile, tend to talk with a higher pitch and with more "jitter," a measurement of the breathiness in speech.

"We know that speech is very much influenced by one's anatomy," Chaspari said. "For depression, there have been some studies showing changes in the way vibrations in the vocal folds happen, or even in how the voice is modulated by the vocal tract."

Over the years, scientists have developed AI tools to look for just those kinds of changes.




Chaspari and her colleagues decided to put the algorithms under the microscope. To do that, the team drew on recordings of humans talking in a range of scenarios: In one, people had to give a 10 to 15 minute talk to a group of strangers. In another, men and women talked for a longer time in a setting similar to a doctor's visit. In both cases, the speakers separately filled out questionnaires about their mental health. The study included Michael Yang and Abd-Allah El-Attar, undergraduate students at Texas A&M.

Fixing biases

The results seemed to be all over the place.

In the public speaking recordings, for example, the Latino participants reported that they felt a lot more nervous on average than the white or Black speakers. The AI, however, failed to detect that heightened anxiety. In the second experiment, the algorithms also flagged equal numbers of men and women as being at risk of depression. In reality, the female speakers had experienced symptoms of depression at much higher rates.

Chaspari noted that the team's results are just a first step. The researchers will need to analyze recordings of a lot more people from a wide range of demographic groups before they can understand why the AI fumbled in certain cases -- and how to fix those biases.

But, she said, the study is a sign that AI developers should proceed with caution before bringing AI tools into the medical world:

"If we think that an algorithm actually underestimates depression for a specific group, this is something we need to inform clinicians about."
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Nature's design marvel: How shark skin's denticles adapt to wide speed | ScienceDaily
New findings on how sharks achieve drag reduction could inspire the design of riblets for more efficient aircraft and boats. In their investigation of great white shark denticles, researchers from Tokyo Tech found that ridge height and spacing play crucial roles in drag reduction at different swimming speeds. Higher middle ridges aid sharks in efficient cruising at slower speeds, while the lower side ridges become more critical for drag reduction during high-speed hunting bursts. The analysis also suggests that the speeds of an extinct giant shark, megalodon, may not much differ from those of the white shark.


						
The great white shark, one of the ocean's most efficient predators, possesses tiny tooth-like structures on its skin called dermal denticles, which perhaps reduce frictional drag as it moves through the water. The drag reduction would help them to be swift hunters, reaching hunting speeds of up to 6.7 m/s, as well as long-distance swimmers, traveling distances of up to 20,000 kilometers efficiently. Engineers have drawn inspiration from these denticles to design riblets or small unidirectional ridges for aircraft and sailboats. However, the denticles across a shark's body vary in shape, size, and spacing, complicating the understanding of how they collectively affect drag reduction.

In a study published in the Journal of the Royal Society Interface, researchers from Tokyo Institute of Technology developed 3D models of white shark denticles. They analyzed the hydrodynamic size of high middle ridges and low side ridges of the denticles in relation to the shark's swimming speeds. The researchers found that these denticles are designed to reduce drag at a wide range of speeds, allowing sharks to gain bursts of speed for hunting and to cruise efficiently over long distances.

"Our calculations suggest that the combination of high and low ridges of the denticles results from adapting to both slow and high swimming speeds, thereby offering robustness to various swimming conditions," says Associate Professor Hiroto Tanaka, the corresponding author of the study.

The researchers collected skin samples from 17 different locations on a white shark (Carcharodon carcharias) specimen, including the snout, dorsal fin, lateral body, ventral body, caudal fin, and both the dorsal and ventral sides of the pectoral fin (Figure 1).

These samples were scanned with a microfocus X-ray CT scanner to create detailed 3D models, which were then analyzed to measure the spacing and height of the ridges. According to the previous fluid dynamic studies of riblets, the ridges of denticles possibly reduce friction drag by lifting turbulent vortices away from the surface of the shark's skin. These vortices are larger and farther from the skin at slower cruising speeds but shrink as the shark swims faster (Figure 2). Therefore, the spacing and height of these ridges are crucial because they determine how effectively the shark interacts with these vortices.

To study these aspects, researchers modeled the shark's body as a flat plate of the same length and defined non-dimensional values for the spacing (s+) of the denticle ridges. These values normalize the physical dimensions of the ridges by the flow characteristics. Non-dimensional parameters were calculated for swimming speeds of 1 m/s, 2 m/s, 5 m/s, and 10 m/s, and compared to a well-studied scalloped riblet similar to shark denticles. The reference riblet is known to reduce friction drag the most at s+ of 17. By comparing this value, researchers could determine how the ridge spacing of shark denticles influences drag reduction across different speeds.

As a result, the researchers found that the s2+ of the higher middle ridges becomes approximately 17 at 2 m/s, which corresponds to the measured migration speed. At hunting speeds of 5 m/s, s1+ of the neighboring high and low ridges becomes approximately 17 indicating the maximum drag reduction effect.

"High ridges likely reduce drag at low swimming speeds, and high-low alternating ridges reduce drag at high swimming speeds, covering the full range of swimming speeds. Our calculation method also can be applied to other sharks including extinct species," says Tanaka. Based on available data from fossils, the swim speeds of a megalodon, an extinct giant shark with similar denticle morphology, are calculated to be 2.7 m/s and 5.9 m/s, respectively. Thus, despite the large body, the megalodon's speed may not much differ from the white shark's. By uncovering how shark denticles work, this study could lead to new riblet designs with high and low ridges in engineering and new analysis methods for the biological study of shark evolution.
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Physicists develop new method to combine conventional internet with the quantum internet | ScienceDaily
Researchers at Leibniz University Hannover send entangled photons and laser pulses of the same colour over a single optical fibre for the first time.


						
Four researchers from the Institute of Photonics at Leibniz University Hannover have developed a new transmitter-receiver concept for transmitting entangled photons over an optical fiber. This breakthrough could enable the next generation of telecommunications technology, the quantum Internet, to be routed via optical fibers. The quantum Internet promises eavesdropping-proof encryption methods that even future quantum computers cannot decrypt, ensuring the security of critical infrastructure.

"To make the quantum Internet a reality, we need to transmit entangled photons via fiber optic networks," says Prof. Dr. Michael Kues, Head of the Institute of Photonics and Board Member of the PhoenixD Cluster of Excellence at Leibniz University Hannover. "We also want to continue using optical fibers for conventional data transmission. Our research is an important step to combine the conventional Internet with the quantum Internet."

In their experiment, the researchers demonstrated that the entanglement of photons is maintained even when they are sent together with a laser pulse. "We can change the color of a laser pulse with a high-speed electrical signal so that it matches the color of the entangled photons," explains Philip Rubeling, a doctoral student at the Institute of Photonics researching the quantum Internet. "This effect enables us to combine laser pulses and entangled photons of the same color in an optical fiber and separate them again."

This effect could integrate the conventional Internet with the quantum Internet. Until now, it has not been possible to use both transmission methods per color in an optical fiber. "The entangled photons block a data channel in the optical fiber, preventing its use for conventional data transmission," says Jan Heine, a doctoral student in Kues' group.

With the concept demonstrated for the first time in the experiment, the photons can now be sent in the same color channel as the laser light. This implies that all color channels could still be used for conventional data transmission. "Our experiment shows how the practical implementation of hybrid networks can succeed," says Prof. Michael Kues. The research results were published in Science Advances.
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Novel ultrafast electron microscopy technique advances understanding of processes applicable to brain-like computing | ScienceDaily
Scientists used an ultrafast electron microscope to capture the nanosecond changes in a material during electrical pulsing. Understanding these changes may lead to more energy-efficient electronics.


						
Today's supercomputers consume vast amounts of energy, equivalent to the power usage of thousands of homes. In response, researchers are developing a more energy-efficient form of next-generation supercomputing that leverages artificial neural networks. These networks mimic the processes of neurons, the basic unit in the human brain. This mimicry could be achieved through the charge density waves that occur in certain materials. Charge density waves are wave-like patterns of electrons -- negatively charged particles -- that move in a correlated fashion.

The charge density waves increase the resistance to the movement of electrons in the material. The ability to control the waves could provide fast switching of the resistance on and off. This property could then be exploited for more energy-efficient computing, as well as ultraprecise sensing. However, it is not clear how the switching process occurs, especially given that the waves change from one state to another within 20 billionths of a second.

Researchers at the U.S. Department of Energy's (DOE) Argonne National Laboratory have found a new way to study these waves. To do so, they turned to the ultrafast electron microscope at the Center for Nanoscale Materials, a DOE Office of Science user facility at Argonne. They developed a new microscopy technique that uses electrical pulses to observe the nanosecond dynamics within a material that is known to form charge density waves at room temperature. That material is a tantalum sulfide referred to as 1T-TaS2.

The team tested a flake of this sulfide with two electrodes attached to generate electric pulses. During short pulses it was thought that the resulting high electric field or currents might drive the resistance switching. But two observations from the ultrafast electron microscope changed this understanding.

First, the charge density waves melted in response to the heat generated by the injected current rather than the charge current itself, even during nanosecond pulses. Second, the electrical pulses induced drum-like vibrations across the material, which wobbled the waves' arrangement.

"Thanks to this new technique we determined these two previously unobserved ways in which electricity can manipulate the state of the charge density waves," said Daniel Durham, a postdoctoral researcher at Argonne. ?"And the melting response mimics how neurons are activated in the brain, while the vibrational response could generate neuron-like firing signals in a neural network."

This study demonstrates a new approach to examining these types of electrical switching processes. This ultrafast electron microscopy method allows researchers to observe how microelectronic materials function at nanoscale lengths and nanosecond speeds.




The drive toward smaller, faster and more efficient microelectronic devices makes a material like 1T-TaS2 attractive. And its ability to be formed as a nanoscale layer also makes it appealing for such devices.

This new technique produced results with broad applications to energy-efficient microelectronics, according to Charudatta Phatak, a materials scientist and deputy division director at Argonne.

"Understanding the fundamental mechanisms of how we can control these charge density waves is important because this can be applied to other materials to control their properties," Phatak said.

This work was supported by the DOE Office of Science call for microelectronics research.

Connor Horn and Supratik Guha have joint appointments at the University of Chicago.
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A blueprint for building the future: Eco-friendly 3D concrete printing | ScienceDaily
A research team led by engineers at the University of Virginia School of Engineering and Applied Science is the first to explore how an emerging plant-based material, cellulose nanofibrils, could amplify the benefits of 3D-printed concrete technology.


						
"The improvements we saw on both printability and mechanical measures suggest that incorporating cellulose nanofibrils in commercial printable materials could lead to more resilient and eco-friendly construction practices sooner rather than later," said Osman E. Ozbulut, a professor in the Department of Civil and Environmental Engineering.

His team's findings will be published in the September 2024 issue of Cement and Concrete Composites.

Buildings made of 3D-printed concrete are an exciting trend in housing, and they offer a slew of benefits: Quick, precise construction, possibly from recycled materials, reduced labor costs and less waste, all while enabling intricate designs that traditional builders would struggle to deliver.

The process uses a specialized printer that dispenses a cement-like mixture in layers to build the structure using computer-aided design software. But so far, printable material options are limited and questions about their sustainability and durability remain.

"We're dealing with contradictory objectives," Ozbulut said. "The mixture has to flow well for smooth fabrication, but harden into a stable material with critical properties, such as good mechanical strength, interlayer bonding and low thermal conductivity."

Cellulose nanofibrils are made from wood pulp, creating a material that's renewable and low impact. Like other plant-fiber derivatives, CNF, as the material is known in industry, shows strong potential as an additive to improve the rheology -- the scientific term for flow properties -- and mechanical strength of these composites.




However, until the UVA-led team's meticulous study in Ozbulut's Resilient and Advanced Infrastructure Lab, the influence of CNF on conventional 3D-printed composites wasn't clear, Ozbulut said.

"Today, a lot of trial and error goes into designing mixtures," he said. "We're addressing the need for more good science to better understand the effects of different additives to improve the performance of 3D-printed structures."

Experimenting with varying amounts of CNF additive, the team, led by Ozbulut and Ugur Kilic, now a Ph.D. alumnus of UVA, found that adding at least 0.3% CNF significantly improved flow performance. Microscopic analysis of the hardened samples revealed better material bonding and structural integrity.

In further testing in Ozbulut's lab, CNF-enhanced 3D-printed components also stood up to pulling, bending and compression.
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Scientists pin down the origins of the moon's tenuous atmosphere | ScienceDaily
While the moon lacks any breathable air, it does host a barely-there atmosphere. Since the 1980s, astronomers have observed a very thin layer of atoms bouncing over the moon's surface. This delicate atmosphere -- technically known as an "exosphere" -- is likely a product of some kind of space weathering. But exactly what those processes might be has been difficult to pin down with any certainty.


						
Now, scientists at MIT and the University of Chicago say they have identified the main process that formed the moon's atmosphere and continues to sustain it today. In a study appearing in Science Advances, the team reports that the lunar atmosphere is primarily a product of "impact vaporization."

In their study, the researchers analyzed samples of lunar soil collected by astronauts during NASA's Apollo missions. Their analysis suggests that over the moon's 4.5-billion-year history its surface has been continuously bombarded, first by massive meteorites, then more recently, by smaller, dust-sized "micrometeoroids." These constant impacts have kicked up the lunar soil, vaporizing certain atoms on contact and lofting the particles into the air. Some atoms are ejected into space, while others remain suspended over the moon, forming a tenuous atmosphere that is constantly replenished as meteorites continue to pelt the surface.

The researchers found that impact vaporization is the main process by which the moon has generated and sustained its extremely thin atmosphere over billions of years.

"We give a definitive answer that meteorite impact vaporization is the dominant process that creates the lunar atmosphere," says the study's lead author, Nicole Nie, an assistant professor in MIT's Department of Earth, Atmospheric, and Planetary Sciences. "The moon is close to 4.5 billion years old, and through that time the surface has been continuously bombarded by meteorites. We show that eventually, a thin atmosphere reaches a steady state because it's being continuously replenished by small impacts all over the moon."

Nie's co-authors are Nicolas Dauphas, Zhe Zhang, and Timo Hopp at the University of Chicago, and Menelaos Sarantos at NASA Goddard Space Flight Center.

Weathering's roles

In 2013, NASA sent an orbiter around the moon to do some detailed atmospheric reconnaissance. The Lunar Atmosphere and Dust Environment Explorer (LADEE, pronounced "laddie") was tasked with remotely gathering information about the moon's thin atmosphere, surface conditions, and any environmental influences on the lunar dust.




LADEE's mission was designed to determine the origins of the moon's atmosphere. Scientists hoped that the probe's remote measurements of soil and atmospheric composition might correlate with certain space weathering processes that could then explain how the moon's atmosphere came to be.

Researchers suspect that two space weathering processes play a role in shaping the lunar atmosphere: impact vaporization and "ion sputtering" -- a phenomenon involving solar wind, which carries energetic charged particles from the sun through space. When these particles hit the moon's surface, they can transfer their energy to the atoms in the soil and send those atoms sputtering and flying into the air.

"Based on LADEE's data, it seemed both processes are playing a role," Nie says. "For instance, it showed that during meteorite showers, you see more atoms in the atmosphere, meaning impacts have an effect. But it also showed that when the moon is shielded from the sun, such as during an eclipse, there are also changes in the atmosphere's atoms, meaning the sun also has an impact. So, the results were not clear or quantitative."

Answers in the soil

To more precisely pin down the lunar atmosphere's origins, Nie looked to samples of lunar soil collected by astronauts throughout NASA's Apollo missions. She and her colleagues at the University of Chicago acquired 10 samples of lunar soil, each measuring about 100 milligrams -- a tiny amount that she estimates would fit into a single raindrop.

Nie sought to first isolate two elements from each sample: potassium and rubidium. Both elements are "volatile," meaning that they are easily vaporized by impacts and ion sputtering. Each element exists in the form of several isotopes. An isotope is a variation of the same element, that consists of the same number of protons but a slightly different number of neutrons. For instance, potassium can exist as one of three isotopes, each one having one more neutron, and there being slightly heavier than the last. Similarly, there are two isotopes of rubidium.




The team reasoned that if the moon's atmosphere consists of atoms that have been vaporized and suspended in the air, lighter isotopes of those atoms should be more easily lofted, while heavier isotopes would be more likely to settle back in the soil. Furthermore, scientists predict that impact vaporization, and ion sputtering, should result in very different isotopic proportions in the soil. The specific ratio of light to heavy isotopes that remain in the soil, for both potassium and rubidium, should then reveal the main process contributing to the lunar atmosphere's origins.

With all that in mind, Nie analyzed the Apollo samples by first crushing the soils into a fine powder, then dissolving the powders in acids to purify and isolate solutions containing potassium and rubidium. She then passed these solutions through a mass spectrometer to measure the various isotopes of both potassium and rubidium in each sample.

In the end, the team found that the soils contained mostly heavy isotopes of both potassium and rubidium. The researchers were able to quantify the ratio of heavy to light isotopes of both potassium and rubidium, and by comparing both elements, they found that impact vaporization was most likely the dominant process by which atoms are vaporized and lofted to form the moon's atmosphere.

"With impact vaporization, most of the atoms would stay in the lunar atmosphere, whereas with ion sputtering, a lot of atoms would be ejected into space," Nie says. "From our study, we now can quantify the role of both processes, to say that the relative contribution of impact vaporization versus ion sputtering is about 70:30 or larger." In other words, 70 percent or more of the moon's atmosphere is a product of meteorite impacts, whereas the remaining 30 percent is a consequence of the solar wind.

"The discovery of such a subtle effect is remarkable, thanks to the innovative idea of combining potassium and rubidium isotope measurements along with careful, quantitative modeling," says Justin Hu, a postdoc who studies lunar soils at Cambridge University, who was not involved in the study. "This discovery goes beyond understanding the moon's history, as such processes could occur and might be more significant on other moons and asteroids, which are the focus of many planned return missions."

"Without these Apollo samples, we would not be able to get precise data and measure quantitatively to understand things in more detail," Nie says. "It's important for us to bring samples back from the moon and other planetary bodies, so we can draw clearer pictures of the solar system's formation and evolution."

This work was supported, in part, by NASA and the National Science Foundation.
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Cold antimatter for quantum state-resolved precision measurements | ScienceDaily
Why does the universe contain matter and (virtually) no antimatter? The BASE international research collaboration at the European Organisation for Nuclear Research (CERN) in Geneva, headed by Professor Dr Stefan Ulmer from Heinrich Heine University Dusseldorf (HHU), has achieved an experimental breakthrough in this context. It can contribute to measuring the mass and magnetic moment of antiprotons more precisely than ever before -- and thus identify possible matter-antimatter asymmetries. BASE has developed a trap, which can cool individual antiprotons much more rapidly than in the past, as the researchers now explain in the scientific journal Physical Review Letters.


						
After the Big Bang more than 13 billion years ago, the universe was full of high-energy radiation, which constantly generated pairs of matter and antimatter particles such as protons and antiprotons. When such a pair collides, the particles are annihilated and converted into pure energy again. So, all in all, exactly the same quantities of matter and antimatter should be generated and annihilated again, meaning that the universe should be largely matterless as a consequence.

However, there is clearly an imbalance -- an asymmetry -- as material objects do exist. A minuscule amount more matter than antimatter has been generated -- which contradicts the standard model of particle physics. Physicists have therefore been seeking to expand the standard model for decades. To this end, they also need extremely precise measurements of fundamental physical parameters.

This is the starting point for the BASE collaboration ("Baryon Antibaryon Symmetry Experiment"). It involves the universities in Dusseldorf, Hanover, Heidelberg, Mainz and Tokyo, the Swiss Federal Institute of Technology in Zurich and the research facilities at CERN in Geneva, the GSI Helmholtz Centre in Darmstadt, the Max Planck Institute for Nuclear Physics in Heidelberg, the National Metrology Institute of Germany (PTB) in Braunschweig and RIKEN in Wako/Japan.

"The central question we are seeking to answer is: Do matter particles and their corresponding antimatter particles weigh exactly the same and do they have exactly the same magnetic moments, or are there minuscule differences?" explains Professor Stefan Ulmer, spokesperson of BASE. He is a professor at the Institute for Experimental Physics at HHU and also conducts research at CERN and RIKEN.

The physicists want to take extremely high resolution measurements of the so-called spin-flip -- quantum transitions of the proton spin -- for individual, ultra-cold and thus extremely low-energy antiprotons; i.e. the change in orientation of the spin of the proton. "From the measured transition frequencies, we can, among other things, determine the magnetic moment of the antiprotons -- their minute internal bar magnets, so to speak," explains Ulmer, adding: "The aim is to see with an unprecedented level of accuracy whether these bar magnets in protons and antiprotons have the same strength."

Preparing individual antiprotons for the measurements in a way that enables such levels of accuracy to be achieved is an extremely time-consuming experimental task. The BASE collaboration has now taken a decisive step forward in this regard.




Dr Barbara Maria Latacz from CERN and lead author of the study that has now been published as an "editor's suggestion" in Physical Review Letters, says: "We need antiprotons with a maximum temperature of 200 mK, i.e. extremely cold particles. This is the only way to differentiate between various spin quantum states. With previous techniques, it took 15 hours to cool antiprotons, which we obtain from the CERN accelerator complex, to this temperature. Our new cooling method shortens this period to eight minutes."

The researchers achieved this by combining two so-called Penning traps into a single device, a "Maxwell's daemon cooling double trap." This trap makes it possible to prepare solely the coldest antiprotons on a targeted basis and use them for the subsequent spin-flip measurement; warmer particles are rejected. This eliminates the time needed to cool the warmer antiprotons.

The significantly shorter cooling time is needed to obtain the required measurement statistics in a significantly shorter period of time so that measuring uncertainties can be reduced further. Latacz: "We need at least 1,000 individual measurement cycles. With our new trap, we need a measurement time of around one month for this -- compared with almost ten years using the old technique, which would be impossible to realise experimentally."

Ulmer: "With the BASE trap, we have already been able to measure that the magnetic moments of protons and antiprotons differ by max. one billionth -- we are talking about 10-9. We have been able to improve the error rate of the spin identification by more than a factor of 1,000. In the next measurement campaign, we are hoping to improve magnetic moment accuracy to 10-10."

Professor Ulmer on plans for the future: "We want to construct a mobile particle trap, which we can use to transport antiprotons generated at CERN in Geneva to a new laboratory at HHU. This is set up in such a way that we can hope to improve the accuracy of measurements by at least a further factor of 10."

Background: Traps for fundamental particles

Traps can store individual electrically charged fundamental particles, their antiparticles or even atomic nuclei for long periods of time using magnetic and electric fields. Storage periods of over ten years are possible. Targeted particle measurements can then be made in the traps.

There are two basic types of construction: So-called Paul traps (developed by the German physicist Wolfgang Paul in the 1950s) use alternating electric fields to hold particles. The "Penning traps" developed by Hans G. Dehmelt use a homogeneous magnetic field and an electrostatic quadrupole field. Both physicists received the Nobel Prize for their developments in 1989.
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Custom implants on demand? Bandages for the heart? 3D printing method makes it possible | ScienceDaily
In the quest to develop life-like materials to replace and repair human body parts, scientists face a formidable challenge: Real tissues are often both strong and stretchable and vary in shape and size.


						
A CU Boulder-led team, in collaboration with researchers at the University of Pennsylvania, has taken a critical step toward cracking that code. They've developed a new way to 3D print material that is at once elastic enough to withstand a heart's persistent beating, tough enough to endure the crushing load placed on joints, and easily shapable to fit a patient's unique defects.

Better yet, it sticks easily to wet tissue.

Their breakthrough, described in the Aug. 2 edition of the journal Science, helps pave the way toward a new generation of biomaterials, from internal bandages that deliver drugs directly to the heart to cartilage patches and needle-free sutures.

"Cardiac and cartilage tissues are similar in that they have very limited capacity to repair themselves. When they're damaged, there is no turning back," said senior author Jason Burdick, a professor of chemical and biological engineering at CU Boulder's BioFrontiers Institute. "By developing new, more resilient materials to enhance that repair process, we can have a big impact on patients."

Worm 'blobs' as inspiration

Historically, biomedical devices have been created via molding or casting, techniques which work well for mass production of identical implants but aren't practical when it comes to personalizing those implants for specific patients. In recent years, 3D printing has opened a world of new possibilities for medical applications by allowing researchers to make materials in many shapes and structures.




Unlike typical printers, which simply place ink on paper, 3D printers deposit layer after layer of plastics, metals or even living cells to create multidimensional objects.

One specific material, known as a hydrogel (the stuff that contact lenses are made of), has been a favorite prospect for fabricating artificial tissues, organs and implants.

But getting these from the lab to the clinic has been tough because traditional 3D-printed hydrogels tend to either break when stretched, crack under pressure or are too stiff to mold around tissues.

"Imagine if you had a rigid plastic adhered to your heart. It wouldn't deform as your heart beats," said Burdick. "It would just fracture."

To achieve both strength and elasticity within 3D printed hydrogels, Burdick and his colleagues took a cue from worms, which repeatedly tangle and untangle themselves around one another in three-dimensional "worm blobs" that have both solid and liquid-like properties. Previous research has shown that incorporating similarly intertwined chains of molecules, known as "entanglements," can make them tougher.

Their new printing method, known as CLEAR (for Continuous-curing after Light Exposure Aided by Redox initiation), follows a series of steps to entangle long molecules inside 3D-printed materials much like those intertwined worms.




When the team stretched and weight-loaded those materials in the lab (one researcher even ran over a sample with her bike) they found them to be exponentially tougher than materials printed with a standard method of 3D printing known as Digital Light Processing (DLP). Better yet: They also conformed and stuck to animal tissues and organs.

"We can now 3D print adhesive materials that are strong enough to mechanically support tissue," said co-first author Matt Davidson, a research associate in the Burdick Lab. "We have never been able to do that before."

Revolutionizing care

Burdick imagines a day when such 3D-printed materials could be used to repair defects in hearts, deliver tissue-regenerating drugs directly to organs or cartilage, restrain bulging discs or even stitch people up in the operating room without inflicting tissue damage like a needle and suture can.

His lab has filed for a provisional patent and plans to launch more studies soon to better understand how tissues react to the presence of such materials.

But the team stresses that their new method could have impacts far beyond medicine -- in research and manufacturing too. For instance, their method eliminates the need for additional energy to cure, or harden, parts, making the 3D printing process more environmentally friendly.

"This is a simple 3D processing method that people could ultimately use in their own academic labs as well as in industry to improve the mechanical properties of materials for a wide variety of applications," said first author Abhishek Dhand, a researcher in the Burdick Lab and doctoral candidate in the Department of Bioengineering at the University of Pennsylvania. "It solves a big problem for 3D printing."
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Revolutionary loop heat pipe transports 10 kW of waste heat -- No electricity required | ScienceDaily
A team of researchers from Nagoya University in Japan has developed a loop heat pipe (LHP) that can transport up to 10 kW of heat without the need for electricity. This heat transport capability is the largest in the world. The group's LHP aims to contribute to energy savings and carbon neutrality in various fields, including industrial waste heat recovery, solar heat utilization, electric vehicle (EV) thermal management, and data center cooling. The findings are detailed in the International Journal of Heat and Mass Transfer. 


						
This LHP surpasses the previous largest loop heat pipe due to enhancements in the evaporator structure. These improvements led to an 18% reduction in size, 1.6 times increase in heat transport capability, and a fourfold increase in heat transfer efficiency compared to the previous LHP developed by Nagoya University. LHPs have been used in manned space flights, electric vehicles, meteorological satellites, and home electronic appliances.

"This LHP is unprecedented in transporting such a large amount of heat without electricity, achieving the world's largest non-electric heat transport," said Professor Hosei Nagano, a senior researcher involved in the project. "This eliminates the need for the electricity previously consumed by conventional mechanical pumps, allowing for near-perpetual heat transport without electricity."

The EV industry is seeing a rising demand for energy-efficient cooling methods because of companies' growing awareness of their carbon footprint. LHPs help EVs improve overall efficiency by providing cooling that does not require electricity, reducing the need for electrical power.

"For electric vehicles, maintaining the inverter temperature is crucial for optimal performance," explained Shawn Somers-Neal, a graduate student involved in the project. "Traditional cooling methods for inverters require energy, but our LHP maintains temperature without electricity. This leads to an increase in efficiency while being able to handle the high heat loads required in industry."

In an LHP, a working fluid and a porous material called a wick are used to transport heat efficiently over long distances. The wick draws the working fluid to the surface through capillary action. When heat is applied to the evaporator, the fluid on the wick's surface absorbs the heat and turns into vapor. This vapor travels to the condenser, where it releases the heat and condenses back into liquid. The liquid then returns to the compensation chamber, where it contacts the wick again, which draws it back to the surface and continues the cooling cycle.

The group enhanced the wick section of the LHP by making it thinner, longer, and wider while preserving its high-quality porous properties. They also improved heat transport capabilities by narrowing the channels that allow the vapor to escape from the evaporator and adding additional channels on the sides, thereby increasing the total number of channels.

"The uniqueness of the loop heat pipe (LHP) is the shape, quality, and size of the wick and the overall performance of the LHP. Usually, when making larger wicks, the quality decreases, but the quality of this wick is similar to that of smaller wicks," explains Professor Nagano. "The wick has cores that help reduce the thickness, leading to less pressure drop and lower operating temperatures."

The newly developed LHP demonstrated a heat transfer efficiency of more than four times that of existing LHPs during testing. The design was so effective that it transported waste heat over a distance of 2.5 meters without power, using the capillary force generated by the wick. This set a record for non-power heat transport.

"This pioneering LHP technology is expected to revolutionize energy conservation and carbon neutrality across multiple fields, including factory waste heat recovery, solar heat utilization, electric vehicle heat management, and data center cooling," Somers-Neal said. "The effective saving of factory waste heat marks a significant step towards sustainable energy solutions."
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Solving the doping problem: Enhancing performance in organic semiconductors | ScienceDaily
Cavendish physicists have discovered two new ways to improve organic semiconductors. They found a way to remove more electrons from the material than previously possible and used unexpected properties in an environment known as the non-equilibrium state, boosting its performance for use in electronic devices.


						
"We really wanted to hit the nail and figure out what is happening when you heavily dope polymer semiconductors,' said Dr Dionisius Tjhe, Postdoctoral Research Associate at the Cavendish Laboratory. Doping is the process of removing or adding electrons into a semiconductor, increasing its ability to carry electrical current.

In a recent paper published in Nature Materials, Tjhe and his colleagues detail how these novel insights could be helpful in improving the performance of doped semiconductors.

Energy bands at unprecedented levels of doping

Electrons in solids are organised into energy bands. The highest-energy band, referred to as the valence band, controls many of the important physical properties such as electrical conductivity and chemical bonding. Doping in organic semiconductors is achieved by removing a small fraction of electrons from the valence band. Holes, the absence of electrons, can then flow and conduct electricity.

"Traditionally, only ten to twenty percent of the electrons in an organic semiconductor's valence band are removed, which is already much higher than the parts per million levels typical in silicon semiconductors," said Tjhe. "In two of the polymers that we studied, we were able to completely empty the valence band. More surprisingly, in one of these materials we can go even further and remove electrons from the band below. This could be the first time that's been achieved!"

Interestingly the conductivity is significantly larger in the deeper valence band, compared to the top one. "The hope is that charge transport in deep energy levels could ultimately lead to higher-power, thermoelectric devices. These convert heat into electricity," said Dr Xinglong Ren, Postdoctoral Research Associate at the Cavendish Laboratory and co-first author of the study. "By finding materials with a higher power output, we can convert more of our waste heat into electricity and make it a more viable energy source."

Why was this observed in this material?




Although the researchers believe that the emptying of the valence band should be possible in other materials, this effect is perhaps most easily seen in polymers. "We think that the way the energy bands are arranged in our polymer, as well as the disordered nature of the polymer chains allows us to do this," said Tjhe. "In contrast, other semiconductors, such as silicon, are probably less likely to host these effects, as it is more difficult to empty the valence band in these materials. Understanding how to reproduce this result in other materials is the crucial next step. It's an exciting time for us."

Is there another way to increase the thermoelectric performance?

Doping leads to an increase in the number of holes, but it also increases the number of ions, which limits the power. Luckily, researchers can control the number of holes, without affecting the number of ions, by using an electrode known as a field-effect gate.

"Using the field-effect gate, we found that we could adjust the hole density, and this led to very different results," explained Dr Ian Jacobs, Royal Society University Research Fellow at the Cavendish Laboratory. "Conductivity is normally proportional to the number of holes, increasing when the number of holes are increased, and decreasing when they are removed. This is observed when we change the number of holes by adding or removing ions. However, when using the field-effect gate, we see a different effect. Adding or removing holes always causes a conductivity increase!"

Harnessing the power of the non-equilibrium state

The researchers were able to trace these unexpected effects to a 'Coulomb gap', a well-known, though rarely observed feature in disordered semiconductors. Interestingly, this effect disappears at room temperature and the expected trend is recovered.




"Coulomb gaps are notoriously hard to observe in electrical measurements, because they only become visible when the material is unable to find its most stable configuration," Jacobs added. "On the other hand, we were able to see these effects at much higher temperatures than anticipated, only about -30degC."

"It turns out that in our material, the ions freeze; this can happen at relatively high temperatures," said Ren. "If we add or remove electrons when the ions are frozen, the material is in a non-equilibrium state. The ions would prefer to rearrange and stabilise the system, but they can't because they are frozen. This allows us to see the Coulomb gap."

Usually there is a tradeoff between thermoelectric power output and conductivity, one increases whilst the other decreases. However, due to the Coulomb gap and the non-equilibrium effects, both can be increased together, meaning the performance can be improved. The only limitation is that the field-effect gate currently only affects the surface of the material. If the bulk of the material can be affected, it would increase the power and conductivity to even larger magnitudes.

Though the group still has some headway to make, the research paper outlines a clear method to improve the performance of organic semiconductors. With exciting prospects in the energy field, the group have left the door open for further investigation of these properties. "Transport in these non-equilibrium states has once again proved to be a promising route for better organic thermoelectric devices," said Tjhe.
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Eye-tracking study provides valuable insights into learning mathematics | ScienceDaily
Eye-tracking allows studying aspects that cannot be seen, for example, the thinking processes of a student solving a mathematical problem. Researchers at Kaunas University of Technology (KTU) are the first in Lithuania to integrate eye-tracking into education and are using the technology to radically improve the teaching of mathematics.


						
Eye-tracking creates the possibility for researchers to observe a subject's attention shifts based on where they fix their gaze or how they move it. This helps researchers understand various emotional, thinking and cognitive processes that happen in response to the environment.

"By applying this technology in mathematical education, it is possible to monitor the individual activity of students and see the cognitive processes they undergo when solving mathematical tasks," says Dr Irina Kliziene, a professor at the KTU Faculty of Social Sciences, Arts and Humanities.

A recent study by Kliziene and her PhD student Asta Paskovske shows that the research carried out using eye-tracking equipment can indicate the difficulties a child encounters while solving a mathematical problem.

Reveals significant details that go by unnoticed

"Eye-tracking studies with children reveal the strategies they use to process visuals in mathematical tasks, and the gaze patterns identified show the difficulties they experience in each problem-solving step. It is a great advantage to be able to observe the decision-making processes without interfering with their work," says Prof. Kliziene.

Kliziene and Paskovske's systematic literature review analysed the possibilities of applying eye-tracking methodology to identify the strategies used by primary school students to solve mathematical problems. The eye-tracking data reveals which steps of problem-solving are the most challenging or which elements of the task are more difficult to understand. These are important details that usually go unnoticed in mathematics classes as students are not always able to identify them.




"Eye-tracking makes it possible for us to see where a child is focusing their gaze when solving a mathematical problem. It helps to identify which problem-solving steps are the most difficult, how the child selects and processes information, and where the child focuses his or her attention," says Paskovske.

By analysing this data, teachers can suggest more effective teaching methods while students can adopt better learning habits.

Provides valuable insights into the learning process

Prof. Kliziene, who researches the impact of the educational environment on students' achievements in mathematics, says that, compared to other methods, eye-tracking provides essential data on mathematics learning -- not only on the results of the learning process. This method provides insights into students' cognitive processes.

The eye-tracking research uses special non-invasive eye-trackers and software. These devices are not harmful to the human eye and are designed to be used in the subject's natural environment. They normally consist of three parts: a light source (usually infrared light), a gaze-tracking camera that captures flashes of the visible image reflected in the cornea and the centre of the pupil, and a processor with eye-tracking software.

Eye-tracking research provides information and allows studying cognitive processes that reflect in eye movements and could otherwise not be consciously observed and explained. "Monitoring the mathematical problem-solving process -- its strategies, cognitive load, attention span and shifting -- is made possible by tracking and recording eye movements, the patterns (consistency, repetition) of task reading, fixations and areas of interest," says Kliziene.




Could be used to improve mathematical tasks

The use of eye-tracking technology can help to improve student's academic achievements and make the learning process more productive. Having identified the patterns of task reading, educators can adapt the learning material to make it more understandable.

"By observing where students focus their gaze, we can optimise the layout of the teaching material so that the most important parts of the task are seen first. For example, if a child often skips a certain part of a task, the teaching material can be made to draw their attention to that part," comments Paskovske.

The learning process can be personalised by determining the level of cognitive load children experience while solving mathematical tasks and optimising and reducing it. This helps to improve learning efficiency. "Eye-tracking research provides valuable data to improve the learning process, making it more personalised, effective and engaging," says the KTU PhD student, a co-author of the study.

The researchers claim that research-based assessment of students' motivation allows them to identify which learning methods encourage students to be more engaged in the learning process. They hope that their research will not only improve the teaching of mathematics but also contribute to improving students' academic performance and learning experiences.

Eye-tracking technology is becoming an important tool in education, enabling a deeper understanding of the learning processes and the development of more effective teaching methods to improve children's acquisition of mathematical knowledge and skills.
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Healthy AI: Sustainable artificial intelligence for healthcare | ScienceDaily
Similar to other sectors around the world, the light speed development of artificial intelligence (AI) has made its way into healthcare, particularly the radiology field. As such, AI-based diagnostic systems are flourishing, with hospitals quickly adopting the technology to assist radiologists. In contrast, there are concerns about the environmental impact of increasingly complex AI models and the need for more sustainable AI solutions.


						
Therefore, Associate Professor Daiju Ueda of Osaka Metropolitan University's Graduate School of Medicine, a member of the Japan Radiological Society, led a research team in the investigation of the environmental costs of AI. In this research review, head members of the Japan Radiological Society and medical field researchers discussed the energy consumption of AI systems in the medical field, carbon emissions of data centers, and electronic waste issues. Specific solutions to mitigate these environmental impacts were discussed, including the development of energy-efficient AI models, the implementation of green computing, and the use of renewable energy.

In addition, the review proposes measures for the sustainable deployment of AI in the medical field. These are important guidelines for medical institutions, policymakers, and AI developers to operate AI systems in an environmentally responsible manner.

"AI has the potential to improve the quality of healthcare, but at the same time its environmental impact cannot be ignored. The best practices we have recommended are the first steps toward balancing these two factors," stated Professor Ueda. "The challenge for the future will be to verify and further elaborate these recommendations in actual medical practice. They are also expected to contribute to the standardization of methods for assessing AI's environmental impact and the development of an international regulatory framework."
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Dopamine physiology in the brain unveiled through cutting-edge brain engineering | ScienceDaily
DGIST (President Lee Kunwoo) Department of Brain Sciences Professor Lee Kwang and his team have discovered a new correlation between neural signaling in the brain and dopamine signaling in the striatum. The human brain requires fast neural signal processing in a short period of less than a second. Dopamine is known to have the strongest effect on brain neural signals, but the research team's newly developed "optical neural chip-based multiple brain signal monitoring technology" shows that changes in dopamine signals within the physiological range do not affect brain neural signal processing.


						
Dopamine is a chemical neuromodulator that plays an essential role in learning, movement, motivation, and decision-making. It has been linked to a number of diseases, including Parkinson's disease, addiction, and depression. To analyze the relevance of dopamine signaling to brain neural signal processing and related diseases, DGIST Professor Lee Kwang and his team developed an "optical neural chip-based multiple brain signal monitoring technology" with Professor Masmanidis' team at UCLA. The technology can simultaneously record electrical and chemical brain neural signals, and it confirmed that dopamine signaling in the artificially manipulated striatum induces action potential[1] changes in neurons. The findings were validated through machine learning.

The team used optogenetics to simultaneously observe dopamine and neural activity in the "ventral striatum" while controlling the activity of dopamine neurons. First, when dopamine was not released during neural signal processing in the brain, no abnormalities were found in the activity of the neurons, and when dopamine was released within the normal physiological range (e.g., during food intake), only small or inconsistent changes in the activity of the neurons were observed. However, when dopamine was artificially released at more than five times the normal physiological range, a significant effect on neural signal processing in the brain was observed. This suggests that other factors may be more important than dopamine signaling in the brain for certain neural signaling processes, contrary to current theories.

"This study demonstrates for the first time that dopamine signals from food rewards play a minor role in rapidly shaping neural activity in the striatum. This suggests that on a sub-second time scale, neural activity in the striatum may be influenced by other external neural inputs rather than dopamine," said DGIST Professor Lee Kwang. "We will conduct follow-up studies to illuminate the sophisticated physiology of dopamine in relation to time, including its long-term contribution."

The findings were published online in Nature Neuroscience in July.

Note:

[1] Action potential: A depolarizing electrical activity in which the membrane potential of a single nerve cell rapidly rises and then falls; the smallest unit of brain nerve activity. Neuroscientists use the term "spike."
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Precise package delivery in cells? | ScienceDaily
A team led by Professor Seo Dae-ha of the Department of Physics and Chemistry at DGIST (President Lee Kun-woo) has developed new real-time microscopy technology and successfully observed the behavior of "motor proteins"[1], which may hold the key to unraveling the efficient material transport strategy of cells. The research team used nanoparticle probe, high-resolution microscopy, and Fourier transform algorithm technologies to develop "Fourier transform-based plasmonic dark-field microscopy" (FT-pdf microscopy) with positional and angular accuracy comparable to electron microscopy, achieving the highest level of existing optical microscopy.


						
Cells transport materials efficiently through intracellular vesicles called endosomes[2]. Materials are transported to their destination by motor proteins that move along a complex network of microtubules. Observing the movement and rotation of endosomes appearing in the transport process provides important information for understanding how intracellular transport is efficiently regulated, which in turn helps elucidate cell functions and diseases.

To visualize this transport process, the research team developed FT-pdf microscopy that performs analysis with the Fourier transform[3] technique using nanoparticles that have "polar angle dependence"[4]. Images of the scattering signals observed by rotating polarized light are continuously captured over a long period of time, and when combined with existing single-particle tracking technology, the movement and rotation of particles can be observed in real time.

Using a plasmonic dark-field microscope, the research team discovered temporal patterns (high time-series characteristics) in the rotational movements of endosomes in cells, which they interpreted as similar to the reinforcement learning strategy of navigation robots or internet search engines. The real-time strategy of endosome transport can be analyzed and applied to disease cell models to explain and diagnose the cause of diseases.

"As shown in this study, ordinary cells that make up the human body seem to be equipped with the data learning technology of robots that humans are actively developing," said Prof. Seo of the Department of Chemical Physics at DGIST. "This molecular-level strategy holds the key to precise material transport and is another research topic. Our research result is expected to contribute to the understanding and diagnosis of diseases in the future through its application to diseased cells," Prof. Seo added.

The research was supported by the Ministry of Science and ICT and the National Research Foundation of Korea's Basic Research Program and Engineering Research Center (ERC) Program, DGIST's Grand Challenge Research Innovation Project (D-GRIP), and HRHR+ Program. The research results were published in the international journal Advanced Science.

Notes:

[1] Motor proteins: molecular motors that move along the microtubules in cells. They include myosin and kinesin.




[2] Endosome: vesicles formed in the cytoplasm by endocytosis, etc. in a cell.

[3] Fourier transform: a mathematical tool that decomposes a function of time or space into its various frequency components and allows analysis of the magnitude and phase for each frequency.

[4] Polar angle dependence: refers to the phenomenon where the nature of the interaction of a polarized state of light with matter changes with the polar angle of the light.
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Scientists revolutionize microscopy by reimagining the logic of imaging | ScienceDaily
An international team of scientists, led by Trinity College Dublin, has devised an innovative imaging method using state-of-the-art microscopes that significantly reduces the time and radiation required. Their work represents a significant breakthrough that will benefit several disciplines, from materials science to medicine, as the method promises to deliver improved imaging for sensitive materials such as biological tissues that are especially vulnerable to damage.


						
Currently, scanning transmission electron microscopes (STEMs) direct a highly focused beam of electrons across samples, building up images point by point. Conventionally, at each point, the beam stops for a fixed, predefined time, pausing to accumulate signal(s). Somewhat like cameras using photographic film, this yields images with a constant exposure time everywhere regardless of the features in the image area. Electrons are continually falling on the sample until the so-called "dwell-time" for each pixel has passed. The conventional approach is simple to implement, but risks using excessive damaging irradiation that may lead to sample transformation or destruction.

The new method, however, revolutionises the underlying approach, by reconsidering the fundamental logic of imaging. Instead of observing over a fixed time and measuring the number of detected "events" -- as electrons are scattered from different parts of the sample to build an image -- the team developed an event-based detection system where they measure the varying time taken to detect a set number of these events.

Both approaches can give equivalent "detection rate" image contrast, but crucially the new mathematical theory behind their approach shows that the first electron detected at each probing position provides a lot of information in building the image, but subsequent electron hits to that same point provide rapidly diminishing returns of information. And every electron on the specimen brings the same risk of damage.

Essentially, the new method means you can "shut off" the illumination right at the peak of imaging efficiency, needing fewer electrons to build an image of similar or better quality.

But a theory alone doesn't deliver a reduced radiation mode. To realise this, the team have patented a technology (Tempo STEM) -- jointly with IDES Ltd. -- that does just this, combining a high-tech "beam blanker" to shutter the beam once the desired precision at each measurement point in the sample has been achieved.

Dr Lewys Jones, Ussher Assistant Professor in Trinity College Dublin's School of Physics, Royal Society-Science Foundation Ireland University Research Fellow, and Funded Investigator in AMBER, the SFI Centre for Advanced Materials and Bioengineering Research, led the team behind the research article that has just been published in leading international journal Science.

He said: "Combining two already state-of-the-art technologies in such an exciting way delivers a real leap in the microscope's capabilities. Giving microscopists the ability to 'blank' or 'shutter' the electron beam on and off in a matter of nanoseconds in response to real-time events has never been done before.

"Our approach reduces the overall dose of radiation needed to produce high-quality images, eliminates the excess dose that was only providing diminishing returns, and avoids causing unnecessary damage to the sample."

Dr Jon Peters, Trinity, is first author of the work. He said: "We tend to think of electrons as relatively mild from a radiation perspective, but when they are fired at a tiny biological sample at speeds of around 75% the speed of light, it's no surprise that they damage these samples. This has been a major issue for microscopy, as the images you get back could be unusable, or worse, misleading. This is obviously problematic if you need to make decisions on future battery materials or catalyst development."
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        Detecting climate change using aerosols
        Researchers analyzed long-term aerosol satellite observation big data focusing on the Pacific Ocean downwind of China. Using a newly developed metric that considered aerosols as tracers, they detected altered atmospheric transport patterns associated with climate change. They observed that the distance of transboundary air pollution moving east from China had shortened. Thus, long-term satellite-based Earth observations are crucial for early climate change detection and accurate evaluation of thi...

      

      
        Do smells prime our gut to fight off infection?
        In nematodes and humans, mitochondrial stress in the nervous system initiates a whole-body response that is most pronounced in the gut. A recent study showed that in nematodes, the odor of a pathogen triggers the nervous system to broadcast this response to the rest of the organism, prepping mitochondria in intestinal cells to fight a bacterial infection. Humans, too, may be able to sense pathogenic odors that prepare the gut for an infection.

      

      
        When mammoths roamed Vancouver Island
        Mammoths, the massive pre-historic ice age cousins of the modern-day elephant, have always been understood to have inhabited parts of British Columbia, but the question of when has always been a bit woolly. Now, a new study has given scientists the clearest picture yet when the giant mammals roamed Vancouver Island.

      

      
        Discovering how plants make life-and-death decisions
        Researchers have discovered two proteins that work in tandem to control an important response to cell stress.

      

      
        Used concrete transformed into new bricks while trapping CO2
        Researchers have turned concrete from a demolished school building and carbon dioxide (CO2) from the air into new blocks strong enough to build a house with. The process involved grinding the old concrete into powder, reacting it with CO2 from the air, pressurizing it in layers in a mold and finally heating it to form the new block. Instead of making buildings from new concrete only, this technique could offer a way to recycle old materials while also trapping carbon dioxide in the process. The b...

      

      
        Unexpected link between grooming and physiological stress in wild baboons
        New research has found a surprising link between grooming and physiological stress in wild baboons. While grooming often calms, this study suggests it can sometimes elevate stress levels. This gives us an intriguing look into primate behavior and social dynamics.

      

      
        Giant prehistoric flying reptile took off using similar method to bats, study finds
        The pterosaur likely used all four limbs to propel itself in the air, as seen in bats today, researchers have found.

      

      
        Bacterial gut diversity improves the athletic performance of racehorses
        The composition of gut bacteria of Thoroughbred racehorses at one-month-old can predict their future athletic performance, according to a new study. Foals with lower bacterial diversity at 28 days old also had a significantly increased risk of respiratory disease later in life.

      

      
        Type 2 diabetes can be prevented by diet and exercise even in individuals with a high genetic risk
        A new study shows that a healthy diet and regular exercise reduce the risk of type 2 diabetes even in individuals with a high genetic risk. In other words, everyone benefits from lifestyle changes, regardless of genetic risk.

      

      
        Pesticide contamination is more than apple skin deep
        Pesticides and herbicides are critical to ensuring food security worldwide, but these substances can present a safety risk to people who unwittingly ingest them. Protecting human health, therefore, demands sensitive analytical methods to identify even trace levels of potentially harmful substances. Now, researchers have developed a high-tech imaging method to detect pesticide contamination at low levels, and its application on fruits reveals that current food safety practices may be insufficient.

      

      
        'Amphibious' sensors make new, waterproof technologies possible
        Researchers have demonstrated a technique for creating sensors that can function both in air and underwater. The approach paves the way for 'amphibious' sensors with applications ranging from wildlife monitoring to biomedical applications.

      

      
        Social rank may determine if animals live fast, die young
        Social rank may determine whether animals prioritize immediate fitness over long-term health, according to a study. Researchers studied macaques on a Thai island and found that the animals' unusual habit of washing their food is in fact based on social rank. Dominant monkeys quickly brush their food on their fur before eating it, along with mouthfuls of tooth-degrading sand, while lower-ranked monkeys obsessively wash their food in the surf. Citing the disposable soma hypothesis, the researchers ...

      

      
        South Florida estuaries warming faster than Gulf of Mexico, global ocean, USF research shows
        Estuaries in South Florida have experienced rapid warming over the past two decades, including a record-breaking marine heat wave in 2023, research shows. The findings paint a troubling picture for the marine life that calls Florida home. Possible causes include evaporation, water capacity and residence time (the amount of time water spends in an estuary). No single factor has been identified as dominant.

      

      
        New device for on-the-spot water testing
        Researchers at University of Galway have developed a new, portable technology for on-the-spot testing of water quality to detect one of the most dangerous types of bacteria. Ireland regularly reports the highest crude incidence rates of the pathogen Shiga toxigenic Escherichia coli -- STEC for short -- in Europe over the recent years.

      

      
        Most existing heat wave indices fail to capture heat wave severity
        Even though climate change is bringing more frequent and severe heat waves, there is no standard, global way to measure heat-wave severity, and existing indices have different thresholds for defining dangerous heat-stress conditions. Researchers report that five out of six existing heat-wave indices were unable to capture the severity and spatial distribution of recent lethal heat waves in India, Spain, and the USA. The sixth index -- the lethal heat-stress index -- was better able to identify da...

      

      
        Plants offer fruit to insects to disperse dust-like seeds
        Fruit exist to invite animals to disperse the swallowed seeds. A research team found that plants targeting insects rather than birds or mammals for this service are more common than previously thought. These plants produce dust-like seeds and fruit suitable for the minute, ground-dwelling animals.

      

      
        New report on Great Barrier Reef shows coral cover increases before onset of serious bleaching, cyclones
        Coral cover has increased in all three regions on the Great Barrier Reef and is at regional highs in two of the three regions, according to a new report. But the results come with a note of caution.

      

      
        Nasal microbiome: Depriving multi-resistant 'bugs' of iron
        Whether dangerous staphylococci survive in the nose depends on what other bacteria are present -- and how they obtain iron.

      

      
        Elephants on the move: Mapping connections across African landscapes
        Elephant conservation is a major priority in southern Africa, but habitat loss and urbanization mean the far-ranging pachyderms are increasingly restricted to protected areas like game reserves. The risk? Contained populations could become genetically isolated over time, making elephants more vulnerable to disease and environmental change.

      

      
        Living with a killer: How an unlikely mantis shrimp-clam association violates a biological principle
        When clams gamble on living with a killer, sometimes their luck may run out, according to a new study.

      

      
        Scientists reach consensus for fasting terminology
        38 scientists from five continents presented an international consensus on fasting terminology and key definitions. The recent study reflects the increasing popularity of diets tied to fasting and a significant increase in scientific studies of fasting. While the application of fasting is rapidly growing, there was previously no globally established terminology.

      

      
        New York City's fireworks display prompts temporary surge of air pollution
        In 2023, roughly 60,000 firework shells exploded above Manhattan's East River as part of Macy's Fourth of July show. The resulting air pollutant levels were many times higher in the hours after the display than those seen when smoke from a Canadian wildfire had blanketed the area a month before, according to the results of a new study.

      

      
        Researchers find gene which determines marsupial fur color
        Fur is a defining characteristic of mammals, coming in a wide variety of colors and patterns -- thanks to a world-first study, we now know which genes make a marsupial's coat black or grey.

      

      
        Advanced chelators offer efficient and eco-friendly rare earth element recovery
        The world is going to need a lot of weird metals in the coming years, according to chemistry professor. But he isn't talking about lithium, cobalt or even beryllium. He's interested in dysprosium, which is so hidden in the periodic table that you'd be forgiven for thinking he made it up.

      

      
        Ketogenic Diet may reduce friendly gut bacteria and raise cholesterol levels
        A study reveals that ketogenic low-carbohydrate diets can increase cholesterol levels and reduce beneficial gut bacteria, specifically Bifidobacterium.

      

      
        A new way of thinking about the economy could help protect the Amazon, and help its people thrive
        To protect the Amazon and support the wellbeing of its people, its economy needs to shift from environmentally harmful production to a model built around the diversity of indigenous and rural communities, and standing forests.

      

      
        Carvings at ancient monument may be world's oldest calendars
        Markings on a stone pillar at a 12,000 year-old archaeological site in Turkey likely represent the world's oldest solar calendar, created as a memorial to a devastating comet strike, experts suggest.

      

      
        Antarctic-wide survey of plant life to aid conservation efforts
        The first continent-wide mapping study of plant life across Antarctica reveals growth in previously uncharted areas and is set to inform conservation measures across the region. The satellite survey of mosses, lichens and algae across the continent will form a baseline for monitoring how Antarctica's vegetation responds to climate change.

      

      
        Smallest arm bone in human fossil record sheds light on the dawn of Homo floresiensis
        A new study reports the discovery of extremely rare early human fossils from the Indonesian island of Flores, including an astonishingly small adult limb bone. Dated to about 700,000 years old, the new findings shed light on the evolution of Homo floresiensis, the so-called 'Hobbits' of Flores whose remains were uncovered in 2003 at Liang Bua cave in the island's west.

      

      
        Horse miscarriages offer clues to causes of early human pregnancy loss
        A study of horses -- which share many important similarities with humans in their chromosomes and pregnancies -- revealed that 42% of miscarriages and spontaneous abortions in the first two months of pregnancy were due to complications from an extra set of chromosomes, a condition called triploidy.

      

      
        An overlooked side-effect of the housing crisis may be putting Californians at increased risk from climate disasters
        Researchers are in the midst of conducting a first-of-its-kind study to better understand the drivers, demographics, and dynamics of development in the Wildland-Urban Interface, where close proximity to natural areas puts residents at higher-risk for climate-related disasters like fires, flooding, and landslides. A new article explains what trends the research team expects to find and why. Researchers say they hope to demonstrate interconnections between the housing crisis and the climate crisis ...

      

      
        Hydraulic lift technology may have helped build Egypt's iconic Pyramid of Djoser
        The Pyramid of Djoser, the oldest of Egypt's iconic pyramids, may have been built with the help of a unique hydraulic lift system, according to researchers. A new study suggests that water may have been able to flow into two shafts located inside the pyramid itself, where that water could have been used to help raise and lower a float used to carry the building stones.

      

      
        Greenland fossil discovery reveals increased risk of sea-level catastrophe
        Seeds, twigs, and insect parts found under two miles of ice confirm Greenland's ice sheet melted in the recent past, the first direct evidence that the center -- not just the edges -- of the two-mile-deep ice melted away in the recent geological past. The new research indicates that the giant ice sheet is more fragile than scientists had realized until the last few years -- and reveals increased risk of sea-level catastrophe in a warmer future.

      

      
        Forecasting climate's impact on a debilitating disease
        In Brazil, climate and other human-made environmental changes threaten decades-long efforts to fight schistosomiasis, a widespread and debilitating parasitic disease. Now, researchers have developed models that can predict how the disease risk will shift in response to environmental changes.

      

      
        Catching a new (sea) star
        Researchers have discovered a new species of sea star (also known as starfish). The discovery came about thanks to collaborative work among researchers, fishers, and aquarium and museum staff. The starfish, which has been named Paragonaster hoeimaruae, belongs to the family Pseudarchasteridae. It is a distinctive red and beige color, with five arms and spans just over 10 centimeters.

      

      
        Preventing Parkinson's disease may lie in seaweed antioxidants
        A research team examined the effect of Ecklonia cava polyphenols on the prevention of Parkinson's disease. It was found that the oral intake of the seaweed antioxidants restores motor function and protects dopaminergic neurons in model mice, while cellular experiments revealed the biochemical interaction of their preventive effect.

      

      
        Put your money where your mouth is to create healthier, greener food systems
        Public bodies can make or break local initiatives like community gardens, pantries, and food partnerships, and they should use that power for good.

      

      
        Study analyzes potato-pathogen 'arms race' after Irish famine
        Researchers reveal more about the tit-for-tat evolutionary changes occurring in both potato plants and the pathogen that caused the 1840s Irish potato famine.

      

      
        Seismic detectors measure soil moisture using traffic noise
        Using state of the art techniques, researchers use vibrations from traffic to measure underground soil moisture.

      

      
        Cracking the code of life: new AI model learns DNA's hidden language
        With GROVER, a new large language model trained on human DNA, researchers could now attempt to decode the complex information hidden in our genome. GROVER treats human DNA as a text, learning its rules and context to draw functional information about the DNA sequences.

      

      
        Why virus causing cold sores does not spread to devastating brain infection
        A previously unknown defence mechanism in the brain prevents herpesvirus from infecting the brain's nerve cells.

      

      
        Nature's design marvel: How shark skin's denticles adapt to wide speed
        New findings on how sharks achieve drag reduction could inspire the design of riblets for more efficient aircraft and boats. In their investigation of great white shark denticles, researchers found that ridge height and spacing play crucial roles in drag reduction at different swimming speeds. Higher middle ridges aid sharks in efficient cruising at slower speeds, while the lower side ridges become more critical for drag reduction during high-speed hunting bursts. The analysis also suggests that ...

      

      
        Ultrafine particles linked to over 1,000 deaths per year in Canada's two largest cities
        A new study conducted in Canada's two largest cities has linked about 1,100 premature deaths per year to an unregulated air pollutant. Ultrafine particles (UFPs) primarily come from vehicle emissions and industrial activities. Canada's federal and provincial governments have not set concentration limits for UFPs, as they have for larger fine particles known as PM2.5.

      

      
        New model refutes leading theory on how Earth's continents formed
        Computational modeling shows that plate tectonics weren't necessary for early continents.

      

      
        Honey added to yogurt supports probiotic cultures for digestive health
        If you enjoy a bowl of plain yogurt in the morning, adding a spoonful of honey is a delicious way to sweeten your favorite breakfast food. It also supports the probiotic cultures in the popular fermented dairy product, according to two new studies.

      

      
        Scientists and climate change: Extreme concern and high level of engagement
        Scientists from across academic disciplines are extremely concerned about climate change. Many of them have already changed their own lifestyles or engaged in advocacy and protest, with even more being willing to do so in future. This is evident from a large-scale survey of scientists from all over the world.

      

      
        'Laser view' into the avocado: New method reveals cell interior
        Checking whether an avocado is hard or soft by looking at it? This would require recognizing how the plant cells behave behind the skin. The same applies to all other cells on our planet: Despite more than 100 years of intensive research, many of their properties remain hidden inside the cell. Researchers now describe a new approach that can determine the particularly difficult-to-detect mechanical properties of the cell interior by taking a closer look.

      

      
        How the rising earth in Antarctica will impact future sea level rise
        The rising earth beneath the Antarctic Ice Sheet will likely become a major factor in future sea level rise, a new study suggests.

      

      
        A blueprint for building the future: Eco-friendly 3D concrete printing
        Scientists are improving 3D concrete printing construction technology with rigorous research to make printable materials stronger, more sustainable and better performing.

      

      
        Link between global warming and rising sea levels
        A new study suggests that Earth's natural forces could substantially reduce Antarctica's impact on rising sea levels, but only if carbon emissions are swiftly reduced in the coming decades. By the same token, if emissions continue on the current trajectory, Antarctic ice loss could lead to more future sea level rise than previously thought.
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Detecting climate change using aerosols | ScienceDaily
Researchers analyzed long-term aerosol satellite observation big data focusing on the Pacific Ocean downwind of China. Using a newly developed metric that considered aerosols as tracers, they detected altered atmospheric transport patterns associated with climate change. They observed that the distance of transboundary air pollution moving east from China had shortened. Thus, long-term satellite-based Earth observations are crucial for early climate change detection and accurate evaluation of this trend.


						
Climate change is one of the most significant environmental challenges of present times, leading to extreme weather events, including droughts, forest fires, and floods. The primary driver for climate change is the release of greenhouse gases into the atmosphere due to human activities, which trap heat and raise Earth's temperature. Aerosols (such as particulate matter, PM2.5) not only affect public health but also influence the Earth's climate by absorbing and scattering sunlight and altering cloud properties. Although future climate change predictions are being reported, it is possible that the impacts of climate change could be more severe than predicted. Therefore, it is necessary to detect climate change accurately and as early as possible.

Building on these insights, a research team from Japan, led by Professor Hitoshi Irie from the Center for Environmental Remote Sensing at Chiba University, utilized long-term observational data to study the effect of climate change on transboundary air pollution in the downwind area of China by using aerosols. They utilized a completely unique perspective on how aerosols impact climate and developed a new metric to detect climate change by considering aerosols as tracers.

"The significance of this study lies in the fact that most of its results are derived from observational data. In natural sciences focused on Earth studies, the ultimate goal is to piece together highly accurate data obtained from observations to quantitatively understand the processes occurring on Earth and to pursue immutable truths. Therefore, the more observational data we have, the better. With the continued Earth observations by Japan's major Earth observation satellites (such as the GCOM series, GOSAT series, Himawari series, and ALOS series), we aim to complement these efforts with numerical simulations and data science methodologies to achieve a safe and secure global environment that mitigates the impacts of the climate crisis." explains Prof. Irie.

The research team included Ms. Ying Cai from the Graduate School of Science and Engineering, Chiba University, Dr. Alessandro Damiani from the Center for Climate Change Adaptation, National Institute for Environmental Studies, Dr. Syuichi Itahashi and Professor Toshihiko Takemura from the Research Institute for Applied Mechanics, Kyushu University, and Dr. Pradeep Khatri from Faculty of Science and Engineering, Soka University. Their study was made available online on May 23, 2024, and published in Science of The Total Environment on August 20, 2024.

China is a major contributor to air pollution in East Asia. The downwind area of China analyzed in this study is a unique open ocean area with minimal human interference yet an important zone of transboundary air pollution pathways, making it an ideal location for studying meteorological variations due to climate change.

In their study, the researchers analyzed aerosol optical depth (AOD) datasets derived from satellites, reanalysis datasets, and numerical simulations focused on the Pacific Ocean in the downwind area of China, over 19 years from 2003 to 2021. AOD, a measure of the amount of sunlight blocked by aerosols, is a key factor is analyzing aerosols and their impact on climate change.

The researchers developed a new metric called RAOD which utilized the potential of aerosols as tracers to evaluate the impact of climate change on transboundary air pollution pathways. Using RAOD the researchers were able to quantify significant temporal variations in aerosol transport. They discovered that long-term changes in RAOD due to climate change were outweighed by larger year-to-year variations in the meteorological field. Moreover, seasonal trends showed that aerosols moved west to east during spring and winter, and northward in summer. They concluded that the probability of aerosols from China to be transported far eastward was low, highlighting a shift in transboundary pollution pathways due to global warming. In this study the authors successfully detected climate change using long-term satellite observational data, in contrast to most existing studies that tracked transboundary air pollution using model simulations.

"These results suggest that RAOD is a valuable metric for quantifying the long-term changes in transboundary air pollution pathways due to climate change. These results are particularly significant because most of them are derived from observational data," says Prof. Irie, highlighting the importance of the study. Sharing the future implications of their study he concludes, "The effects of climate change could be more severe than currently predicted. This study will help verify climate change predictions from an unconventional perspective of 'aerosol observation,' enabling a more accurate understanding of climate change progression and implementation of rational countermeasures."

In summary, this study demonstrates an innovative use of aerosols as climate change tracers, marking a significant step forward in the global effort to tackle the pressing issue of climate change.
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Do smells prime our gut to fight off infection? | ScienceDaily
Many organisms react to the smell of deadly pathogens by reflexively avoiding them. But a recent study from the University of California, Berkeley, shows that the nematode C. elegans also reacts to the odor of pathogenic bacteria by preparing its intestinal cells to withstand a potential onslaught.


						
As with humans, nematodes' guts are a common target of disease-causing bacteria. The nematode reacts by destroying iron-containing organelles called mitochondria, which produce a cell's energy, to protect this critical element from iron-stealing bacteria. Iron is a key catalyst in many enzymatic reactions in cells -- in particular, the generation of the body's energy currency, ATP (adenosine triphophate).

The presence in C. elegans of this protective response to odors produced by microbes suggests that the intestinal cells of other organisms, including mammals, may also retain the ability to respond protectively to the smell of pathogens, said the study's senior author, Andrew Dillin, UC Berkeley professor of molecular and cell biology and a Howard Hughes Medical Institute (HHMI) investigator.

"Is there actually a smell coming off of pathogens that we can pick up on and help us fight off an infection?" he said. "We've been trying to show this in mice. If we can actually figure out that humans smell a pathogen and subsequently protect themselves, you can envision down the road something like a pathogen-protecting perfume."

So far, however, there's only evidence of this response in C. elegans. Nevertheless, the new finding is a surprise, considering that the nematode is one of the most thoroughly studied organisms in the laboratory. Biologists have counted and tracked every cell in the organism from embryo to death.

"The novelty is that C. elegans is getting ready for a pathogen before it even meets the pathogen," said Julian Dishart, who recently received his UC Berkeley Ph.D. and is the first author of the study. "There's also evidence that there's probably a lot more going on in addition to this mitochondrial response, that there might be more of a generalized immune response just by smelling bacterial odors. Because olfaction is conserved in animals, in terms of regulating physiology and metabolism, I think it's totally possible that smell is doing something similar in mammals as it's doing in C. elegans."

The work was published June 21 in the journal Science Advances.




Mitochondria communicate with one another

Dillin is a pioneer in studying how stress in the nervous system triggers protective responses in cells -- in particular, the activation of a suite of genes that stabilize proteins made in the endoplasmic reticulum. This activation, the so-called unfolded protein response (UPR), is "like a first aid kit for the mitochondria," he said.

Mitochondria are not only the powerhouses of the cell, burning nutrients for energy, but also play a key role in signaling, cell death and growth.

Dillin has shown that errors in the UPR network can lead to disease and aging, and that mitochondrial stress in one cell is communicated to the mitochondria of cells throughout the body.

One key piece of the puzzle was missing, however. If the nervous system can communicate stress through a network of neurons to the cells doing the day-to-day work of protein building and metabolism, what in the environment triggers the nervous system?

"Our nervous system evolved to pick up on cues from the environment and create homeostasis for the entire organism," Dillin said. "Julian actually figured out that smell neurons are picking up environmental cues and which types of odorants from the pathogens turn on this response."

Previous work in Dillin's lab showed the importance of smell in mammalian metabolism. When mice are deprived of smell, he found, they gained less weight while eating the same amount of food as normal mice. Dillin and Dishart suspect that the smell of food may trigger a protective response, like the response to pathogens, in order to prepare the gut for the damaging effects of ingesting foreign substances and converting that food to fuel.




"Surviving infections was the most important thing we did evolutionarily," Dillin said. "And the most risky and taxing thing we do every single day is eat, because pathogens are going to be in our food."

"When you eat food, it's also incredibly stressful, because the body is metabolizing the food but also generating ATP in the mitochondria from the nutrients that they're incorporating. And that generation of ATP causes a by-product called reactive oxygen species, which is very damaging to cells," Dishart said. "Cells have to deal with this increased existence of reactive oxygen species. So perhaps smelling food can prepare us to deal with that enhanced reactive oxygen species load."

Dillin speculates further that mitochondria's sensitivity to the smell of pathogenic bacteria may be a holdover from an era when mitochondria were free-living bacteria, before they were incorporated into other cells as power plants to become eukaryotes some 2 billion years ago. Eukaryotes eventually evolved into multicellular organisms with differentiated organs -- so-called metazoans, like animals and humans.

"There's a lot of evidence that bacteria sense their environment in some way, though it's not always clear how they do it. These mitochondria have retained one aspect of that after being subsumed into metazoans," he said.

In his experiments with C. elegans, Dishart found that the smell of pathogens triggers an inhibitory response, which unleashes a signal to the rest of the body. This became clear when he ablated olfactory neurons in the worm and found that all peripheral cells, but primarily intestinal cells, showed the stress response typical of mitochondria that are being threatened. This study and others also showed that serotonin is a key neurotransmitter communicating this information throughout the body.

Dillin and his lab colleagues are tracking the neural circuits that lead from smell neurons to peripheral cells and the neurotransmitters involved along the way. And he's looking for a similar response in mice.

"I always hate it when I get sick. I'm like, 'Body, why didn't you prepare for this better?' It seems really stupid that you turn on response mechanisms only once you're infected," Dillin said. "If there are earlier detection mechanisms to increase our chances of survival, I think that's a huge evolutionary win. And if we could harness that biomedically, that would be pretty wild."

Other UC Berkeley authors of the paper are Corinne Pender, Koning Shen, Hanlin Zhang, Megan Ly and Madison Webb. The work is supported by HHMI and the National Institutes of Health (R01ES021667, F32AG065381, K99AG071935).
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When mammoths roamed Vancouver Island | ScienceDaily
Mammoths, the massive pre-historic ice age cousins of the modern-day elephant, have always been understood to have inhabited parts of British Columbia, but the question of when has always been a bit woolly.


						
Now, a new study from Simon Fraser University has given scientists the clearest picture yet when the giant mammals roamed Vancouver Island.

As part of SFU researcher Laura Termes' PhD and published earlier this month in the Canadian Journal of Earth Sciences, the study examined 32 suspected mammoth samples collected on Vancouver Island. Of those samples, just 16 were deemed suitable for radiocarbon dating.

The youngest sample was found to be around 23,000 years old and the oldest turned out to be beyond the range radiocarbon dating could measure, meaning it was older than 45,000 years.

Prior to the study, only two mammoth remains found on Vancouver Island had ever been dated before. Both lived around 21,000 years ago, so the Termes' study provides a greater understanding of when the massive mammals lived in the area.

"This is really exciting because it shows that mammoths have lived on Vancouver Island for a long time," says Termes, a PhD candidate in the Department of Archaeology. "We were expecting similar results [to the two samples previously dated] but what we found were mammoths that were much older. It is fantastic that they could be preserved for that long."

Termes says having the curatorial support at the Royal BC Museum and the Courtenay and District Museum and Palaeontology Centre allowing access to their collections was invaluable to the study.




"This research highlights the important role of museum collections for understanding how life has evolved and changed in British Columbia's deep history," says Victoria Arbour, curator of palentology at the Royal BC Museum. "It's great to see Woolly's relatives in the Royal BC Museum's collections in the spotlight through this research study."

The UBC ADaPT Facility (which was instrumental in helping determine if samples were indeed mammoths and not whales or other animals) also played an important role in the research, Termes says.

And archaeologists need all the help they can get because while mammoths were enormous, finding intact samples in British Columbia is actually quite rare.

"When we imagine great big giant animals of the last ice age being found, we might have imagined fully articulated and complete skeletons being systematically excavated. But in southern B.C., that simply does not happen," says Termes. "Instead, we may get an isolated molar that's been tumbled around in the water for a long time, or maybe a piece of a tusk. And these are what everyday people are encountering."

For example, one sample she examined was a piece of mammoth tooth found by a child in the gravel at a local playground.

"So maybe it's a dog owner, taking their puppy for a walk on a rainy day, or a gravel pit operator at work," says Termes, who grew up in Qualicum Beach. "I really like how these magnificent animals are finding their way into people's lives in routine and everyday ways."

Termes says the study is part of a larger look at megafauna in B.C. and she plans on radiocarbon dating mammoth samples from other parts of the province.
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Discovering how plants make life-and-death decisions | ScienceDaily
Researchers at Michigan State University have discovered two proteins that work together to determine the fate of cells in plants facing certain stresses.


						
Ironically, a key discovery in this finding, published recently in Nature Communications, was made right as the project's leader was getting ready to destress.

Postdoctoral researcher Noelia Pastor-Cantizano was riding a bus to the airport to fly out for vacation, when she decided to share a promising result she had helped gather a day earlier.

"I didn't want to wait ten days until I came back to send it. It took almost two years to get there," said Pastor-Cantizano, who then worked in the Brandizzi lab in the MSU-DOE Plant Research Laboratory, or PRL.

"That's what I remember at the moment," Pastor-Cantizano said. "I was thinking 'I can relax now, at least for one week.'

Pastor-Cantizano had been working identify a gene in the model plant Arabidopsis that could control the plants response to stressors, which can lead to the plant's death. She and her collaborators had identified a protein in Arabidopsis that seemed to control whether a plant would live or die under stress conditions.

Having identified the gene was just the beginning of the story, despite being years into the journey. It would take five more years to get to this new paper.




The researchers discovered that the proteins BON-associated protein2, or BAP2, and inositol-requiring enzyme 1, or IRE1, work together when dealing with stress conditions -- a matter of life and death for plant cells.

Understanding how these proteins function can help researchers breed plants that are more resilient to death conditions.

Creating plants that are more resistant to endoplasmic reticulum stress, or ER stress, has widespread implications in agriculture. If crops can be made to be more resilient in the face of drought or heat conditions, the plants stand a better chance of surviving and thriving, despite the changing climate.

"Research in our lab is fueled by enthusiasm and gratitude to be able to make important contributions to science," said Federica Brandizzi, MSU Research Foundation Professor in the Department of Plant Biology and at the PRL. "The work was herculean, and has been possible only thanks to the patience, enthusiasm and dedication of a wonderful team. Noelia was simply fantastic."

Working in tandem

Within eukaryotic cells is an organelle known as the endoplasmic reticulum, or ER. It creates proteins and folds them into shapes the cell can utilize. Like cutting up vegetables to use in a recipe, the proteins must be formed into the right shape before they can be used.




Protein making and protein folding capacity must be in balance, like a sous chef and a chef, working in tandem. If the sous chef is providing the chef with too little or too many ingredients, it throws off the balance in the kitchen.

When the ER cannot properly do its job, or the balance is thrown off, it enters a state known as ER stress. The cell will jumpstart a mechanism known as the unfolded protein response, or UPR, to decide what to do next. If the problem can be resolved, the cell will initiative life saving measures to resolve the problem. If it cannot be, the cell begins to shut down, ending its and potentially the plant's life.

It was known that the enzyme IRE1 was responsible for directing the mechanisms that would either save the cell or kill it off.

But what calls IRE1 to action?

In this study, the Brandizzi lab researchers were searching for the master regulator of these pro-death processes, known as programmed cell death.

"I had the idea because I read that irritable bowel disease is linked to a mutation in a gene controlled by IRE1 that occurs among humans," Brandizzi said. "Humans are diverse and so are plants. So I thought to look into plant diversity as a source of new important findings in the UPR."

The researchers started by looking at hundreds of accessions, or plants of the same species but specific to one locale. For example, a plant that grows in Colombia will have genetic variations to the same species of plant that grows in Spain, and the ways they each respond to stress conditions could differ.

They found extensive variation in the response to ER stress between the different accessions. Taking the accessions whose responses were the most dissimilar, they tried to identify the differences in their genomes. This is where the BAP2 gene candidate came into play.

"We found that BAP2 responds to ER stress," said Pastor-Cantizano, who is currently a postdoc at the University of Valencia. "And the cool thing is that it is able to control and modify the activity of IRE1. But also IRE1 is able to regulate BAP2 expression."

BAP2 and IRE1 work together, signaling to each other what the best course of action for the cell is. Having one without the other results in the death of the plant when the ER homeostasis is unbalanced.

Seven years

From start to finish, this project took over seven years of dedicated work.

Day in and out, the researchers spent their time tediously placing seeds onto plates with a medium in which they could grow. Arabidopsis seeds are not much larger than grains of sand at their smallest, so this was delicate work that required time and attention.

From there, the researchers spent several more months with these plants, looking at the accessions offsprings and identifying how BAP2 worked within the plants. This took another few years.

"It has been a long road with its obstacles, but it has been worth it," said Pastor-Cantizano. "When I started this project, I couldn't imagine how it would end."

This work was funded by the National Institutes of Health, with contributing support from Chemical Sciences, Geoscience and Biosciences Division, Office of Basic Energy Sciences, Office of Science, U.S. Department of Energy; the Great Lakes Bioenergy Research Center, U.S. Department of Energy, Office of Science, Office of Biological and Environmental Research; and MSU AgBioResearch. Additional contributing support comes from the Generalitat Valenciana, "European Union NextGenerationEU/PRTR."
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Used concrete transformed into new bricks while trapping CO2 | ScienceDaily
Researchers led by a team at the University of Tokyo have turned concrete from a demolished school building and carbon dioxide (CO2) from the air into new blocks strong enough to build a house with. The process involved grinding the old concrete into powder, reacting it with CO2 from the air, pressurizing it in layers in a mold and finally heating it to form the new block. Instead of making buildings from new concrete only, this technique could offer a way to recycle old materials while also trapping carbon dioxide in the process. The blocks could theoretically be remade again and again, through the same process.


						
A few years ago, researchers developed a new kind of concrete, which had the potential to reduce greenhouse gases and reuse waste from the construction industry.

The project was named C4S, which stands for Calcium Carbonate Circulation System for Construction, and led by Professor Takafumi Noguchi, as project manager, with Professor Ippei Maruyama leading on material development. Both researchers are from the Department of Architecture at the University of Tokyo. Together with a team they developed a method to combine old concrete with carbon dioxide, taken from the air or industrial exhaust, to create a new, durable material called calcium carbonate concrete. However, the resulting blocks were only a few centimeters long.

Now, they have taken this technology to the next level.

"We can make calcium carbonate concrete bricks large and strong enough to build regular houses and pavements," said Maruyama. "These blocks can theoretically be used semipermanently through repeated crushing and remaking, a process which requires relatively low energy consumption. Now, concrete in old buildings can be thought of as a kind of urban mine for creating new buildings."

Limestone is a key ingredient in Portland cement, which is typically used to make concrete. The rock provides durability and strength, while improving workability. However, limestone reserves are limited, and in some countries more than others, such as Japan. So attention is switching from creating new materials to maintaining and reusing what is already available.

"We are trying to develop systems that can contribute to a circular economy and carbon neutrality. In Japan, the current demand for construction material is less than in the past, so it is a good time to develop a new type of construction business, while also improving our understanding of this vital material through our research," explained Maruyama.

Demolished concrete from a school building was crushed into a fine powder, sieved and then carbonated over three months. Carbonation is usually a slow, natural process which occurs when compounds in concrete, such as portlandite and calcium silicate hydrate, react with CO2 in the air to form calcium carbonate. The researchers performed a sped-up version of this process to recreate the same kind of concrete you would find in older buildings. This was to test that they could still make strong new blocks even from older concrete.

The carbonated powder was then pressurized with a calcium bicarbonate solution and dried. In their previous experiment, the team created calcium carbonate concrete by pouring a bicarbonate solution through carbonated concrete powder and heating it. In this updated version, as well as heating the material, the team built the concrete up in layers in a mold, which compacted it under pressure. They found this enhanced the strength of the blocks.

"As part of the C4S project, we intend to construct a real two-story house by 2030," said Maruyama. "Over the next few years, we also plan to move to a pilot plant, where we can improve production efficiency and industrial application, and work on creating much larger building elements, as we move towards making this material commercially available."
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Unexpected link between grooming and physiological stress in wild baboons | ScienceDaily
A new study from Swansea University has revealed a surprising relationship between grooming behaviour and physiological stress in wild female baboons, addressing a crucial gap in our understanding of how sociality is linked to health and fitness in animals.


						
Published in the journal Biology Letters, the researchers studied wild chacma baboons in South Africa. Tracking collars with motion sensors provided data on how much time each baboon spent giving or receiving grooming. The baboons' physiological stress levels were estimated by measuring concentrations of glucocorticoid metabolites in their faeces.

Consistent with previous work, the team found that higher average grooming rates were linked to lower average stress levels, suggesting that grooming has long-term positive effects on health and fitness. However, when the researchers time-matched the high-resolution grooming and physiological stress data, they found that when baboons spent more time grooming (both giving and receiving), higher physiological stress levels followed, contrary to expectations.

This finding suggests that the long-term positive link between physiological stress and grooming is unlikely to be subserved by grooming itself because, in the short term, grooming is physiologically costly.

High-resolution grooming data from collars can now be used to study how this short-term hormone-behaviour relationship might change across environmental and social contexts and, if deployed in other social animals, confirm how widespread this phenomenon is.

Dr Charlotte Christensen, a former Swansea University PhD student now based at the University of Zurich, commented: "Our findings challenge the conventional view that grooming is purely relaxing and suggest that the immediate physiological costs may be outweighed by long-term fitness benefits."

Senior author Dr Ines Furtbauer, head of the Behavioural Ecology & Endocrinology lab at Swansea University, emphasised the broader implications: "This study provides valuable insights into the proximate mechanisms of social bonding and stress regulation. Understanding these dynamics can help us better comprehend the health and survival strategies of social animals."

This research highlights the importance of exploring the link between social behaviours and physiological stress at different time scales, with sometimes counterintuitive results, contributing to the ongoing debate about the costs and benefits of sociality in animals.
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Giant prehistoric flying reptile took off using similar method to bats, study finds | ScienceDaily
The pterosaur likely used all four limbs to propel itself in the air, as seen in bats today, researchers have found.


						
The findings, published today in PeerJ, provide new insights into how pterosaurs managed to take flight despite reaching sizes far larger than modern animals. The research sheds new light on the flight initiating jumping ability of these animals, some of which had wingspans of over ten meters.

The study, carried out by scientists at the University of Bristol, Liverpool John Moores University, Universidade Federal do ABC and the University of Keele, follows years of analysis and modelling of how muscles interact with bones to create movement in other animals and is now being used to start answering the question of how the largest flying animals known managed to get off the ground.

The team created the first computer model for this kind of analysis of a pterosaur to test three different ways pterosaurs may have taken off: a vertical burst jump using just the legs like those used by primarily ground-dwelling birds, a less vertical jump using just the legs more similar to the jump used by birds that fly frequently, and a four-limbed jump using its wings as well in a motion more like the take-off jump of a bat. By mimicking these motions, the researchers aimed to understand the leverage available to push the animal into the air.

"Larger animals have greater challenges to overcome in order to fly making the ability of animals as large as pterosaurs to do so especially fascinating." Dr Ben Griffin, the lead author of the study, said. "Unlike birds which mainly rely on their hindlimbs, our models indicate that pterosaurs were more likely to rely on all four of their limbs to propel themselves into the air."

This study examines one of the long-standing questions about the underlying biomechanics of pterosaur. This research not only enhances the understanding of pterosaur biology but also provides broader insights into the limits and dynamics of flight in large animals. By comparing pterosaurs with modern birds and bats, the study highlights the remarkable evolutionary solutions to the challenge of powered flight.
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Bacterial gut diversity improves the athletic performance of racehorses | ScienceDaily
The composition of gut bacteria of Thoroughbred racehorses at one-month-old can predict their future athletic performance, according to a new study from the University of Surrey. Foals with lower bacterial diversity at 28 days old also had a significantly increased risk of respiratory disease later in life.


						
Researchers from Surrey's School of Veterinary Medicine and School of Bioscience, led by Professor Chris Proudman, investigated the composition of gut bacteria in Thoroughbred foals bred for flat racing and its impact on their long-term health and athletic performance.

To investigate this, 438 faecal samples from 52 foals were analysed and respiratory, gastrointestinal, orthopaedic and soft-tissue health issues were tracked from birth to age three. In addition, the team analysed information regarding finishing position, official rating, and total prize money earnings as measures of athletic performance.

Professor Chris Proudman, Professor of Veterinary Clinical Science at the School of Veterinary Medicine at the University of Surrey, said:

"Minimising the risk of disease and injury is important for the welfare of racehorses, and maximising their athletic potential is important for their owners. We have found that gut health, in particular the health of gut bacterial communities very early in life, exerts a profound and enduring impact on racehorse health and performance."

Researchers found that the athletic performance of the foals was positively associated with higher faecal bacterial diversity at one month old. They identified that a higher abundance of the bacteria Anaeroplasmataceae was associated with a higher official rating (an evaluation of a horse based on its past performances), and increased levels of Bacillaceae at 28 days oldwere linked to higher race placings.

The team also investigated the long-term impact of foals receiving antibiotics during the first month of life. It was found that these foals had significantly lower faecal bacterial diversity at 28 days old compared to other foals who did not receive such treatments. Further analysis revealed that these foals won significantly lower prize money earnings (an indicator of athletic performance) in their subsequent racing careers. In addition, foals who received antibiotics during their first 28 days of life had a significantly increased rate of developing a respiratory disease compared to their counterparts.




Professor Roberto La Ragione, co-investigator from the School of Bioscience at the University of Surrey, said:

"Antibiotics are vital in treating infections and protecting the long-term health of foals; they do, however, need to be used responsibly. Our study demonstrates that treatment with antibiotics can disrupt the healthy gut microbiome with long-term impacts on health and performance. The next part of our study will examine how we can minimise disruption of gut bacteria when antibiotics have to be used to treat infections."

Interestingly, researchers also identified that low gut bacterial diversity in early life is associated with an increased risk of soft-tissue and orthopaedic issues developing later in life. Researchers believe that the health impacts of low gut bacterial diversity in early life are likely to be related to immunological priming. The reasons underlying the observed negative impacts on racehorse performance are currently not understood.

Dr Kirsten Rausing, Chairman of the International Thoroughbred Breeders Federation and, through her ALBORADA Trust, study sponsor, commented

"This ground-breaking study has identified the importance of gut health in our very young foals. As breeders, if we can get this right, we will produce foals that will be healthier, and that will grow into more successful racehorses."

Work is currently underway to develop novel probiotics that will enhance the gut health of foals in early life and to investigate how antibiotics can be used whilst preserving gut health.

Notes 
    	Due to the nature of the study-specific horses, their official race positions or training yards cannot be identified
    	Foals came from 5 stud farms and were in training at 27 different training yards across the country
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Type 2 diabetes can be prevented by diet and exercise even in individuals with a high genetic risk | ScienceDaily
A new study from the University of Eastern Finland is the first in the world to show that a healthy diet and regular exercise reduce the risk of type 2 diabetes even in individuals with a high genetic risk. In other words, everyone benefits from lifestyle changes, regardless of genetic risk.


						
Type 2 diabetes is a global problem. According to the International Diabetes Federation, IDF, one in eleven adults worldwide has diabetes, with type 2 diabetes accounting for 90 per cent of the cases. To date, researchers have identified more than 500 genetic variants that predispose individuals to type 2 diabetes, but lifestyle factors, too, affect the risk of developing the disease. Significant lifestyle-related risk factors include overweight, low intake of dietary fibre, high intake of saturated fats, and lack of exercise. Previous studies have shown that type 2 diabetes can be effectively prevented by lifestyle changes, but it has not been explored whether the disease can be prevented even in individuals carrying numerous genetic variants that predispose them to type 2 diabetes.

The T2D-GENE Trial was a three-year lifestyle intervention that involved nearly 1,000 men aged 50 to 75 in eastern Finland. All those invited to the study had elevated fasting glucose at baseline. The lifestyle intervention group included more than 600 men, and the rest served as a control group. Men in the intervention group received guidance on health-promoting lifestyles in group meetings, and they were supported by a web portal designed for the study. Those invited to the study belonged either to the lowest or the highest tertile in terms of genetic risk, i.e., they had either a high or a low risk of developing type 2 diabetes. Genetic risk was determined based on 76 gene variants known to predispose to type 2 diabetes. During the intervention, neither the study participants nor the researchers knew to which genetic risk group the participants belonged. All those who participated in the intervention received the same lifestyle guidance.

Men participating in the lifestyle intervention were able to significantly improve the quality of their diet. They increased their intake of dietary fibre, improved the quality of fats in their diet and increased their consumption of vegetables, fruits and berries. Weight loss was also observed, although this was not an actual weight loss study. The participants were physically very active already at baseline, and they managed to maintain their good exercise habits throughout the study. With these changes, it was possible to reduce the deterioration of glucose metabolism. The prevalence of type 2 diabetes was significantly lower in the lifestyle intervention group than in the control group. The effects of lifestyle changes were equally significant for individuals regardless of whether they had a low or a high genetic risk.

"These findings encourage everyone to make lifestyle changes that promote health. Furthermore, they demonstrate the effectiveness of group- and internet-based lifestyle guidance, which saves healthcare resources," says University Lecturer, Docent Maria Lankinen of the University of Eastern Finland, the first author of the study.
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Pesticide contamination is more than apple skin deep | ScienceDaily
Pesticides and herbicides are critical to ensuring food security worldwide, but these substances can present a safety risk to people who unwittingly ingest them. Protecting human health, therefore, demands sensitive analytical methods to identify even trace levels of potentially harmful substances. Now, researchers reporting in ACS' Nano Letters have developed a high-tech imaging method to detect pesticide contamination at low levels, and its application on fruits reveals that current food safety practices may be insufficient.


						
The analytical method called surface-enhanced Raman spectroscopy (SERS) is gaining popularity as a nondestructive method for detecting chemicals from modern farming on produce. With SERS, metal nanoparticles or nanosheets are used to amplify the signals created by molecules when they are exposed to a Raman laser beam. The patterns created by the metal-enhanced scattered light serve as molecular signatures and can be used to identify small amounts of specific compounds. Looking to improve SERS sensitivity for pesticide detection, Dongdong Ye, Ke Zheng, Shaobo Han and colleagues designed a metal-coated membrane they could lay atop farm-grown produce. They also wanted to develop the material to be versatile enough to accommodate an array of other applications.

The researchers started with a cellulose hydrogel film, which they stretched to form aligned nanoscale wrinkles along its surface. They then immersed the film in a solution of silver nitrate to coat the grooves with SERS-enhancing silver nanoparticles. The resulting membrane was highly flexible and practically transparent in visible light, essential features for SERS signal detection.

In tests of the silver-embedded membrane for food safety applications, the researchers sprayed the pesticides thiram and carbendazim, alone or together, onto apples, air-dried the fruits and then washed them to mimic everyday practices. When they laid their membrane over the apples, SERS detected pesticides on the apples, even though the chemicals were present at low concentrations. The team was also able to clearly resolve scattered-light signatures for each pesticide on apples sprayed with both thiram and carbendazim, as well as detect pesticide contamination through the fruit's peel and into the outermost layer of pulp.

These results suggest that washing alone could be insufficient to prevent pesticide ingestion and that peeling would be required to remove potential contamination in the skin and outer pulp, the researchers say. Beyond apples, they also used the SERS membrane system to detect pesticides on cucumbers, shrimp, chili powder and rice.
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'Amphibious' sensors make new, waterproof technologies possible | ScienceDaily
Researchers have demonstrated a technique for creating sensors that can function both in air and underwater. The approach paves the way for "amphibious" sensors with applications ranging from wildlife monitoring to biomedical applications.


						
The new findings are focused on strain sensors, which measure deformation -- meaning they can be used to measure how things stretch, bend and move.

"For example, there is interest in creating strain sensors that can be used in biomedical applications -- such as sensors that can be used to observe the behavior of blood vessels and other biological systems," says Shuang Wu, first author of a paper on the work and a postdoctoral researcher at North Carolina State University. "Other possible applications include creating sensors that can measure how fish move underwater, monitor health in wildlife, and so on."

"However, a big challenge when creating such wearable or implantable strain sensors is ensuring that the sensors can perform in wet environments," says Yong Zhu, corresponding author of the paper and the Andrew A. Adams Distinguished Professor of Mechanical and Aerospace Engineering at NC State.

"Our goal with this work was to create sensors that would last a long time in a wet environment without sacrificing the performance of the sensor," Wu says.

With that goal in mind, the research team began by utilizing a sensitive strain sensor the team developed in late 2022. The researchers then sandwiched the sensor between two thin films made of a highly elastic, waterproof polymer.

The polymer encapsulates the sensor. This keeps water out but does not restrict the movement of the sensor material like most other encapsulations due to its unique interface design. This gives the sensor the desired sensitivity and stretchability. The sensor can be connected to a small chip that transmits data wirelessly.




"In experiments, we found the amphibious sensors were sensitive and had a fast response time," says Wu. "And we found that the performance of the sensors was the same whether the sensor was in air or after being submerged in saltwater for 20 days."

"The sensors are also very stable -- their performance didn't drop off, even after being stretched 16,000 times," says Zhu.

To demonstrate the functionality of the amphibious sensors, the researchers used the sensors to track the motions of robotic fish and monitor blood pressure in a pig's heart. The researchers also created a glove that incorporated the amphibious sensors, using the sensors to translate a scuba diver's hand signals into messages that could be read by people in or out of the water.

"The idea was to create an easy way for scuba divers to communicate effectively with other divers underwater or crew members still on a boat," says Wu.  


"We've submitted a patent application for this technology and are open to working with industry partners to incorporate these sensors into various applications," says Zhu.

The work was done with support from the National Science Foundation, under grants 2122841 and 2134664; the National Institutes of Health, under grant R01HD108473; and the Department of Defense, under grant W81XWH-21-1-0185.
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Social rank may determine if animals live fast, die young | ScienceDaily
Anyone who has picnicked on the beach has experienced the unpleasant crunch of a sandwich with a surprise helping of sand. But for primates, the tolerance for sand may depend on whether their energy is better spent reproducing and fighting rivals or on protecting their teeth from a mouthful of grit, according to a new Dartmouth study.


						
Social rank may determine whether animals prioritize immediate energy consumption over long-term health, or vice versa, the researchers report in the journal eLife. They observed the eating habits of long-tailed macaques on Thailand's Koram Island and found that the dominant and lowest-ranked animals briefly rubbed sand-covered food on their fur or between their paws before devouring it, along with most of the sand, and moving on to the next morsel.

Middle-ranked monkeys, however, having more time on their paws, carried their food to the water's edge and washed it in the sea to remove the sand. These animals often expended time and energy scrubbing their snacks past the point when they were clean and would even amble down the beach on their hind legs with their front paws full of food.

Nathaniel Dominy, the study's corresponding author and the Charles Hansen Professor of Anthropology at Dartmouth, says the findings provide insight into how animals -- even those in hierarchical groups -- choose survival strategies based on individual needs. The study supports the disposable soma hypothesis, which proposes that animals sometimes prioritize immediate survival and reproduction over longevity, Dominy says, adding, "Delayed gratification has its limits."

That may be the case for monkeys at the top and the bottom of the social ladder, for whom life is short and hard, Dominy says. As a result, these animals consume and conserve energy whenever they can. Existing research shows that sand causes significant damage to macaque tooth enamel. But for dominant males especially, that may not be important in a life fraught with challengers.

"High-ranking males are constantly lunging at or chasing other males, behaviors that maximize their siring of offspring. So, they need to eat rapidly to make up for that energy expenditure and that's exactly what we saw them doing," Dominy says. "They just stuff food into their mouths -- sand be damned -- because they don't have time to walk to the water. It's the urgency of now that matters, not their teeth. To humans, it seems like a shrewd calculation."

The monkeys that wash their food might instead be playing a long game, says Amanda Tan, the study's co-corresponding author and an assistant professor of anthropology at Durham University. Tan worked on the project as a postdoctoral scholar in Dominy's research group at Dartmouth.




"We think these animals invest a lot more time in washing their food because they cannot afford to damage their teeth and compromise their longevity," Tan says. "This strategy could allow them to maximize their potential reproductive success by living longer and producing more offspring over their lifetime."

The findings also could shed light on how the wear and pitting observed in the fossilized teeth of early humans relate to social structure and access to water, Dominy says.

"What if tooth wear is telling us about rank, not food properties," Dominy asks. "If we find more variable wear on a male hominin tooth, the classic interpretation is that it's the result of a varied diet. We ought to consider the possibility that he was eating quickly and couldn't be bothered to clean his food. Or maybe he lived in an area that was historically arid. We have cause to be more open-minded about variable tooth wear."

To observe the macaques' eating habits, Tan and the study's first author, Jessica Rosien '21, arranged plastic trays on the beach that contained cucumber slices. The slices were either on their own, placed on top of sand, or buried in sand. Rosien and Tan recorded the animals every day for six weeks as they foraged for cucumbers in the trays, capturing nearly 1,300 instances of food-handling by 42 individual macaques.

The monkeys that washed their food devoted an average of five seconds to over a minute to each cucumber slice -- often washing multiple slices -- while the average amount of time spent just brushing sand off a slice was effectively zero, the researchers report. That time makes a difference. In lab trials with sand-coated cucumbers, the researchers found that washing removed 93% of sand and brushing removed only 75%.

The researchers determined social rank using established methods of observing how the animals interact. But the social order was not subtle, Rosien says. She recalls a low-ranking male that, rejected by his peers, spent his time sitting next to her on the beach. A high-ranked female would fearlessly challenge other macaques for their cucumbers and steal anything Rosien left unattended, including her backpack of supplies. "I loved getting to know the different monkeys' personalities over time and I definitely got a sense of the impact of social rank," she says.




Before the study, Tan worked on Koram Island for years observing how the macaques developed skills using tools through social learning. She knew that some animals washed their food while others did not. It was Dominy who wondered if there was a rank-based trade-off between getting calories quickly versus preventing tooth wear, Tan says. "To our knowledge, no one had tested the hypothesis that food-washing served as an adaptive function for removing grit," she says.

Food-washing among primates is not common, Dominy says. The Koram Island macaques were first observed doing so after the 2004 Indian Ocean earthquake and tsunami. Their habit became a draw for tourists, who, before authorities put a stop to it, would throw fruit on the beach from boats to watch the animals wash it in the surf.

The other known instance is among the Japanese macaques on Japan's Kojima Island. In the 1950s, researchers studying the animals lured them toward the beach with wheat and sweet potatoes to observe them more clearly.

In 1953, a young female named Imo first picked up a sandy sweet potato and washed it in a stream. Five years later, the other animals had taken up the practice, washing their food in the sea. Today, 92% of the Kojima Island macaques wash their food.

"I love the story of Imo," Rosien says. "It shows how an individual can cause a shift in a whole population. To see such a significant advance in real time makes it easier to understand how small changes can lead to big changes."

The spread of a similar habit in two independent populations separated by 50 years and 5,000 miles speaks to the value of culture, Dominy says.

"You have to be experimental and entrepreneurial to invent a new behavior out of whole cloth, but it has to be clear enough that other individuals will understand its purpose and copy it," he says. "And they have to be smart enough to recognize when another animal has figured out something valuable. That's what culture is -- seeing the value of a new behavior and adopting it."

The value for the macaques of washing their food was considered so obvious, no one had studied it before, the researchers write in their paper. "Even if something seems intuitive, it's still important to be curious, ask questions, and test assumptions," Tan says.

"In this case," she continues, "our study provides a fuller picture of the various trade-offs that animals may juggle relative to their place in a social structure and gives us a better understanding of how that leads individuals to behave distinctly."
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South Florida estuaries warming faster than Gulf of Mexico, global ocean, USF research shows | ScienceDaily
Sea surface temperatures are on the rise around the world, but the problem is pronounced in South Florida, according to a series of studies published by researchers at the University of South Florida College of Marine Science.


						
Estuaries in South Florida have experienced rapid warming over the past two decades, including a record-breaking marine heat wave in 2023.

Using satellite data, the researchers found that sea surface temperatures in four estuaries in South Florida have risen faster than sea surface temperatures globally and in the Gulf of Mexico. The findings, published in Environmental Research Letters and Estuaries and Coasts, paint a troubling picture for the marine life that calls Florida home.

"The temperatures in South Florida estuaries are not only rising faster than the global average, but also faster than temperatures in the open Gulf of Mexico," said Chuanmin Hu, professor of physical oceanography at the University of South Florida and co-author of the recent papers. "We even saw more of a response within the estuaries to last year's marine heat wave."

Over the past two decades, sea surface temperatures in Florida Bay, Tampa Bay, St. Lucie Estuary and Caloosahatchee River Estuary rose around 70 percent faster than the Gulf of Mexico and 500 percent faster than the global oceans, according to the authors. The temperatures are expected to take a toll on marine life.

Estuaries are nurseries where many marine animals begin their lives. South Florida's estuaries are home to critical habitats such as seagrass meadows, and adjacent waters in the Florida Keys are home to world-renowned coral reefs. These may be impacted by rising water temperatures.

"Algae, seagrass and coral are all sensitive to temperature changes," Hu said. "Algae prefer warm water, which can increase the size and frequency of blooms. Meanwhile, seagrass and coral undergo stress if the water gets too warm."

The researchers hope to partner with colleagues at the Florida Fish and Wildlife Conservation Commission and the National Oceanic and Atmospheric Administration to explore the potential impacts of water temperatures on seagrass and coral populations in South Florida.




The researchers speculated on possible causes for the high rate of warming in South Florida's estuaries, including evaporation, water capacity and residence time (the amount of time water spends in an estuary). No single factor has been revealed as dominant.

Ongoing research by Hu and Jing Shi, a doctoral student in Hu's lab and first author of the papers, will investigate another peculiar observation: the accelerated warming seen in South Florida's estuaries has not been detected in other estuaries across the region.

"Not every estuary around the Gulf of Mexico is behaving this way," Hu said. "These temperature changes appear unique to the estuaries of South Florida."

The next question, Hu said, is how long this faster warming in South Florida will be sustained.

"We expect the rate of warming to eventually balance with the open Gulf of Mexico," he said. "We just don't know when that will happen."

This research was supported by a grant from the NASA Water Resources Program and a USF presidential fellowship.
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New device for on-the-spot water testing | ScienceDaily
Researchers at University of Galway have developed a new, portable technology for on-the-spot testing of water quality to detect one of the most dangerous types of bacteria.


						
Ireland regularly reports the highest crude incidence rates of the pathogen Shiga toxigenic Escherichia coli -- STEC for short -- in Europe over the recent years.

The bacteria produces the harmful Shiga toxin, which, if ingested by humans, can cause severe stomach illnesses and, in some cases, life-threatening complications especially in children under 5 years, older people and immunocompromised individuals.

A work led by Dr Zina Alfahl, lecturer in bacteriology in the University's College of Medicine, Nursing and Health Sciences, and Dr Louise O'Connor, senior research fellow with the University's College of Science and Engineering, developed a technology for rapid, sensitive and accurate testing of STEC in water sources, including rivers, lakes and wells.

The results have been published in the journal, Microbiology.

Dr Alfahl said: "Our technology is a significant advancement in on-site water testing. It is portable, straightforward and safe to use. It is accurate, highly sensitive and the results are delivered quickly, on-site.

"We are hoping that Environmental Health Officers and groundwater schemes in Ireland could use the technology on-site allowing for more frequent testing especially in or after extreme weather, periods of intense rainfall, because it is those conditions which lead to water supplies being contaminated."

Dr O'Connor said: "This technology could be a crucial intervention in helping to prevent outbreaks of infection in families and communities using wells, private water supplies and groundwater schemes.




"Immediate results can help public health officers and water management authorities make informed decisions to protect public health. This rapid response capability is crucial for preventing the spread of waterborne diseases and ensuring the safety of drinking water."

STEC is normally found in the intestines of healthy animals like cows and sheep, which carry it without getting sick. The bacteria spreads to people through contact with animal waste, or by eating or drinking contaminated food or water.

A small sample of water can be tested on-site using isothermal amplification technology which can identify the genetic markers of STEC bacteria, and related E. coli. The results are delivered in about 40minutes through a reading on screen. Traditional lab testing of samples can take days for results to be returned.

The research, funded by Environment Protection Agency through the DERIVE project, tested samples from various water sources, including groundwater wells, rivers, a turlough and a farm drain on the Corrib catchment in Galway. Of the samples tested 61% were positive for the presence of this dangerous pathogen.

Dr Alfahl said: "Our testing is sensitive enough to identify as low as two cells of the STEC bacteria. The gold standard for testing is culture in a lab, but this can take days and often weeks, and on occasion can return a false negative result -- just because the culture does not grow in the lab does not always mean the bacteria has not been present in the water. Our test removes the necessity for samples to go to a lab. It offers on-the-spot results and is of huge benefit to the people using the water as a first-step in identifying a contamination and a potential health risk."

Dr O'Connor said: "This new testing method is particularly important for areas that rely on private groundwater wells, which can be more prone to contamination. In Ireland, a significant portion of the population depends on these for their drinking water -- about 720,000 people, or one in every 5 households, but quality has been an issue as regulation is less stringent on these sources and testing is less frequent."
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Most existing heat wave indices fail to capture heat wave severity | ScienceDaily
Even though climate change is bringing more frequent and severe heat waves, there is no standard, global way to measure heat-wave severity, and existing indices have different thresholds for defining dangerous heat-stress conditions. Researchers report August 7 in the journal Nexus that five out of six existing heat-wave indices were unable to capture the severity and spatial distribution of recent lethal heat waves in India, Spain, and the USA. The sixth index -- the lethal heat-stress index -- was better able to identify dangerous heat-stress conditions, particularly in low-humidity regions.


						
"We found that some existing indices may not be appropriate to all geographical regions and climate conditions," says senior author and geospatial expert Qihao Weng (@Qihao_Weng) of the Hong Kong Polytechnic University. "It's important that scientific communities, public health circles, and policy makers come together and reconsider the existing indices."

Currently, countries around the world have different ways of measuring and defining heat waves, but it's not clear which of these methods is most effective or how their performance is impacted by background climatic conditions. Some of these metrics are based purely on the maximum air temperature while others include factors such as radiation, wind, and, crucially, humidity.

"Even in relatively low-temperature conditions, if the humidity is high, it can still be dangerous for people with health problems," says Weng. "In humid conditions, even 28degC, wet-bulb conditions can lead to severe strain and heat stroke."

To compare the effectiveness of existing heat-wave indices under different conditions, the researchers applied six existing indices to climate data from heat waves that occurred in Spain and the United States in 2022 and in India in 2023. In all cases, they found that one method -- the lethal heat-stress index -- outperformed the others. Compared to the other indices, the lethal heat-stress index could differentiate between areas that were or were not impacted by extreme heat stress and could pinpoint on which days these dangerous heat conditions occurred.

The lethal heat-stress index is a temperature- and humidity-based metric for identifying conditions that are likely to lead to human death (in contrast to other indices that use endpoints such as "extreme danger" and "heat stroke imminent"). Though most of the other indices also include humidity in their calculations in some way, the way that they do this differs.

"The lethal heat stress index applies a correction factor to relative humidity, which means that it is better at predicting dangerous heat conditions in regions which have very low humid conditions compared to the other indices," says first author Pir Mohammad, an earth scientist at Hong Kong Polytechnic University.




The researchers emphasize that heat waves are experienced differently by different people, even within the same region, because of factors including age, pre-existing health conditions, and socioeconomic status, which is associated with access to adequate cooling and the privilege of not working outdoors during hot conditions.

Though they identified the lethal heat-stress index as the best current option, the researchers say that this index could still be improved with more research. They also note that while their study focuses on outdoor air temperatures, more heat-related mortalities occur indoors than outdoors, and future research should also address indoor conditions during heat waves and examine how they are impacted by things such as building age and materials.

Ultimately, they hope their findings will help scientists develop a universal definition of the threshold for dangerous heat conditions.

"We need to deploy a global framework that considers temperature, humidity, and other factors like socioeconomic status and age so that we can mitigate dangerous heat-wave conditions," says Mohammad. "The UK government recently redefined their limiting criteria for heat waves, and it might be a good time for other countries to also think about how we can define heat waves more effectively."

This research was supported by the Hong Kong SAR Government, the Research Talent Hub of the Innovation and Technology Fund of Hong Kong, and the Hong Kong Polytechnic University.
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Plants offer fruit to insects to disperse dust-like seeds | ScienceDaily
Fruit exist to invite animals to disperse the swallowed seeds. A Kobe University research team found that plants targeting insects rather than birds or mammals for this service are more common than previously thought. These plants produce dust-like seeds and fruit suitable for the minute, ground-dwelling animals.


						
Whether it's strawberries, apples or grapes, the reason why plants make tasty fruit is to invite and reward animals to also eat and then disperse their seeds, which are smooth and sturdy for just that purpose. Given the size of most seeds, it's natural that the animals associated with this are mostly birds and mammals. Incidentally, this is also why fruit are often red and dangle from branches. This allows the intended dispersers to easily see and reach the fruit. Insects, on the other hand, while they are often associated with plant pollination, are not seen as important for dispersing ingested plant seeds, mostly because the animals' minute size wouldn't allow for the safe passage of the seed through the animal. However, there are plants that produce dust-like seeds embedded in whitish and somewhat translucent fruit that are difficult to see from above and that fall to the ground as soon as they are ripe. And while this makes insects the prime candidates, it has not been known who the actual dispersers are.

The Kobe University botanist SUETSUGU Kenji has an extensive background in studying interactions between plants and arthropods (animals like insects, crabs, and spiders), with a particular focus on dust-seeded plants in Japan. He and his team travelled to Amami-Oshima Island in Japan where a shrub-like plant called Rhynchotechum discolor produces such translucent fruit with dust seeds. The researchers took automated night photographs of the fruit on the ground to find out who eats them and additionally captured insects in the plants' vicinity (using a mixture of Kirin beer and the soft drink Calpis, both produced in Kobe University's home region of Kansai). They then put the captured insects into containers to search their excrements for plant seeds and, with a separate feeding experiment, to find out how many of the seeds they eat can germinate.

Their findings, published in the journal Plants, People, Planet, confirmed that insects, specifically camel crickets, were the primary consumers of the fruit. Moreover, the captured insects' excrement contained numerous seeds, about 80% of which were fully viable. "This result provides the first evidence of insects acting as seed dispersers for a light-harvesting, green plant in regions inhabited by land-dwelling mammals," says Suetsugu. Previously, seed dispersal by insects was thought to occur only in special situations. There is the case of the weta, gigantic, flightless crickets home to New Zealand, that have taken on ecological functions usually associated with ground-dwelling mammals that don't exist there. Otherwise, the ability of insects to disperse dust-sized seeds was understood to be largely restricted to heterotrophic plants. These non-green plants don't harvest light but eat underground fungi and get what nutrients and energy they need from there, so their seeds can be tiny. Suetsugu explains, "Our findings challenge the notion that insect-mediated seed dispersal is a special case and suggest that it may be more widespread and ecologically important than previously understood."

This discovery excites Suetsugu for another reason: "It also contributes to the understanding of the evolution of dust seeds. Because they are minute and contain minimal energy reserves, their evolution has often been associated with heterotrophy. However, our research on Rhynchotechum discolor suggests that dust seeds can evolve from other selective pressures: Given that smaller seeds are more likely to survive digestive processes, a small seed size could have evolved as an adaptation to convert seed predators into seed dispersers."

In their paper, the research team notes that the shrub they investigated is likely not unique: "The fruit and seed morphology and coloration of other members of Rhynchotechum parallel those seen in R. discolor, suggesting that seed dispersal by camel crickets is widespread within the genus, which comprises 16 species. In a broader ecological context, similar seed dispersal systems might be found among plants with dust seeds, which are present in at least 13 families." Suetsugu adds: "We have laid the groundwork for future studies to investigate similar interactions in other regions and with other plant species. This research enhances our knowledge of how plants adapt to their environments and the roles that different organisms play in their life cycles."

This research was funded by the Japan Science and Technology Agency (grant JPMJPR21D6). It was conducted in collaboration with a researcher from the University of Tokyo.
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New report on Great Barrier Reef shows coral cover increases before onset of serious bleaching, cyclones | ScienceDaily
Coral cover has increased in all three regions on the Great Barrier Reef and is at regional highs in two of the three regions, according to a report by the Australian Institute of Marine Science (AIMS). But the results come with a note of caution.


						
Most of the underwater surveys contributing to these findings published today, were conducted before and during the recent mass bleaching event, one of the most extensive and serious on record, and have not yet captured how many corals survived or died following the bleaching.    

Surveys in the Central region were also completed before the passage of tropical Cyclone Jasper in December 2023.    

AIMS' Long-Term Monitoring Program (LTMP) leader Dr Mike Emslie said coral cover increases were a positive sign but did not reflect the potentially destructive consequences of the 2024 mass bleaching event. 

"We saw evidence of early onset mortality, particularly in the Southern region, but the full picture of mortality was not yet apparent during this year's surveys," he said.

"While bleached corals are very stressed, they are still alive and are recorded as live coral on our surveys. 

"Some types of corals can remain bleached for months, remaining on a knife edge between survival and death. This is why returning and repeating surveys of the reefs in this vast, complex and dynamic system is so important. This year's results serve as a very important reference against which to measure the impacts of the summer's events."

The next (LTMP) survey season recommences in September and will capture impacts on coral cover from this summer's mass bleaching event and the cyclones, with a full assessment complete by mid-2025.  




"Climate change remains the greatest threat to the Reef because it drives these mass bleaching events. This most recent one was the fifth such event since 2016. These more frequent and extensive marine heatwaves will lead to shortened 'windows' for coral recovery. Recent gains, while encouraging, can be lost in a short amount of time," Dr Emslie said.

Surveys were conducted at 94 Reefs spread through the Northern, Central and Southern Great Barrier Reef between August 2023 and June 2024.    

The Report recorded the following average hard coral coverage:    
    	Northern region (north of Cooktown) -- 39.5%, up from 35.8% last year;    

    	Central region (Cooktown to Proserpine) -- 34%, up from 30.7%;   

    	Southern region (south of Proserpine) -- 39.1%, up from 34%.   

The AIMS report finds that small rises in coral cover this year bring the Northern and Central regions to their highest levels in 38 years of monitoring.  

The surveys also found that crown-of-thorns starfish outbreaks have persisted on some reefs in the Southern region.    

The long term monitoring team surveyed reefs off Townsville after the passage of tropical Cyclone Kirrily in late January, finding evidence of storm damage and declines in hard coral cover ranging from 6% to 10% at Kelso, John Brewer, Helix and Chicken Reefs. Other reefs appear to have escaped with little impact.    

AIMS Research Program Director Dr David Wachenfeld said the regional increases in coral cover are encouraging, showing the Reef's capacity for recovery after reaching their lowest levels within the last 15 years. However, climate change and other disturbances mean this recovery is fragile and Reef resilience is not limitless.    




"In many ways the Reef has had some lucky escapes in recent years. The 2020 and 2022 mass bleaching events had levels of heat stress that were not as intense as the 2016 and 2017 events or the 2024 event. Coupled with very few other events causing widespread coral death, that has led to the levels of coral cover increase we have seen," he said.   

"But the frequency and intensity of bleaching events is unprecedented, and that is only forecast to escalate under climate change, alongside the persistent threat of crown-of-thorns starfish outbreaks and tropical cyclones."    

Aerial surveys undertaken by AIMS and the Great Barrier Reef Marine Park Authority in February and March found bleached corals in the shallows of 73% of reefs surveyed across all three regions.  

In recent weeks, AIMS scientists in separate monitoring programs observed substantial mortality in reefs that were particularly hard hit by the 2024 event.  

"We are only one large scale disturbance event away from a reversal of the recent recovery. The 2024 bleaching event could be that event -- almost half of the 3000 or so reefs that make up the marine park experienced more heat stress than ever recorded," Dr Wachenfeld said.    

"We still don't know how much mortality this event has caused. Our monitoring over the next 12 months will help us to understand how this bleaching event stacks up against the others in the last decade." 

AIMS CEO Professor Selina Stead said AIMS was prioritising research to develop scientific solutions to boost reef resilience under a warming climate.   

"Climate change is increasing pressure on reef systems around the world," she said.  "The 2024 bleaching event was part of the fourth global bleaching event, announced in April.

"These vitally important ecosystems that millions rely upon need strong greenhouse gas emissions reduction, science-based management of local pressures, and input from multiple fields of research if they are to endure.

"At AIMS we are developing a toolbox of interventions to help reefs adapt to and recover from the effects of climate change." 

Background

The LTMP quantifies long term trends in the status of coral communities across the Great Barrier Reef.   

Researchers use hard coral cover as one indicator of the condition of each reef. Percentage hard coral cover is estimated by trained scientists during manta tow surveys and is a metric which allows AIMS scientists to provide an overview of the Great Barrier Reef's status and keep policy makers, managers and other scientists informed in a timely manner.   

The LTMP also does more detailed surveys on fixed sites on 71 reefs across the Great Barrier Reef. The detailed information includes what types of corals and species of fish are present, their abundance, and causes of mortality like crown-of-thorns starfish numbers, coral disease and bleaching observations.   

The LTMP contributes to the Reef 2050 Integrated Monitoring and Reporting Program. Learn more about the LTMP and access detailed data displays at the level of individual reefs or regions.
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Nasal microbiome: Depriving multi-resistant 'bugs' of iron | ScienceDaily
A research team led by Simon Heilbronner, Professor of Microbiology at LMU's Biocenter, has investigated how various bacteria that colonize the nasal cavity deal with the lack of iron there and interact with each other. The study was recently published in The ISME Journal, and the results show that the composition of the microbiome influences how well multi-resistant staphylococci can thrive in the nose. This opens avenues for the targeted suppression of potentially dangerous germs via nasal probiotics, without the need for antibiotics.


						
We share our body with countless microorganisms. They inhabit our gut, our skin, and body orifices such as our mouth and nose. The composition of this microbiome has a major influence on our health. While certain germs can be useful, others harm us. Staphylococcus aureus falls into the latter category: "Antibiotic-resistant staphylococci can hide unnoticed in the microbiome of healthy people," explains Simon Heilbronner. This is the case for one third of all humans. As long as the bacteria stay in the nose, we do not notice them. But if they reach our blood stream -- after surgery, for example -- they can cause serious illnesses. These infections are acutely life-threatening, and the bacteria are developing resistance even to antibiotics of last resort. Multi-resistant hospital bugs are increasingly problematic and develop into a global health crisis. Ensuring that dangerous pathogens are not living in a patient's nose prior to admission to hospital can save lives.

Nasal habitat

The reason why Staphylococcus aureus occurs in some noses and not others has remained largely obscure. "We know surprisingly little about the factors that determine whether a person can be inhabited by S. aureus," says Heilbronner. The genetics of the host and environmental conditions have only a moderate influence. "By contrast, it's becoming increasingly clear that the presence of certain other bacteria can help or hinder the growth of the pathogen." Because of the lack of research into the microbial ecosystem of the nose in general, scientists still know far too little to sufficiently understand the underlying mechanisms.

For the new study, Heilbronner and his colleagues investigated 94 strains from 11 bacteria genera that occur in the human nose. Their focus was on a very specific characteristic of the microbes. "There is an acute shortage of iron in the nose," says Heilbronner. By limiting this essential nutrient, the human immune system protects itself against unwanted guests. And so, bacteria that want to survive in the nose need a strategy: They produce so-called siderophores -- iron-binding molecules which they release into their environment. "You can picture them as molecular nets which the bacteria cast out to catch iron," suggests the infectious disease biologist. As soon as the siderophores have enriched themselves with the coveted trace element, they are reabsorbed -- albeit not always by the same bacterium that produced them.

The battle for iron

As the researchers discovered, our noses are the site of a complex network of iron-related trading alliances and hostile raids. They identified various forms of interactions between the bacteria they studied. Some of the microorganisms share their siderophores, and the iron bound to them, with S. aureus. One can say, they cooperate with the pathogen to the mutual benefit of both. In contrast, the behavior of other bacteria is less social. There are species that help themselves to the siderophores of S. aureus, but use molecule encryption to protect their own siderophores against usage by the pathogen. The authors refer to this strategy as "locking away" iron. And there are the pirates among the nasal bugs, which do not produce any siderophores of their own -- because they are costly to make -- but exclusively plunder external sources produced by others. Many of these "raiders" are specialized in the siderophores of the pathogen.

Heilbronner and his team were able to demonstrate that the growth of S. aureus is inhibited if there are bacteria in the environment that plunder its siderophores without giving anything back in return. "In this work, we identified several strains of various species and genera that interact with S. aureus in different ways," observes Heilbronner. "The results indicate that neighboring bacteria can create a hostile environment for staphylococci by stealing the pathogen's iron." This paves the way for the development of nasal probiotics for suppressing multi-resistant staphylococci in the nose. The siderophore pirates could thus become privateers in the service of medicine, tasked with plundering the iron of S. aureus in order to arrest its spread.
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Elephants on the move: Mapping connections across African landscapes | ScienceDaily
Elephant conservation is a major priority in southern Africa, but habitat loss and urbanization mean the far-ranging pachyderms are increasingly restricted to protected areas like game reserves. The risk? Contained populations could become genetically isolated over time, making elephants more vulnerable to disease and environmental change.


						
A recent study from the University of Illinois Urbana-Champaign and the University of Pretoria in South Africa demonstrates how African conservation managers could create and optimize elephant movement corridors across a seven-country region. The study offers a map showing landscape connections that would support elephants' habitat needs and allow for more gene flow among populations.

"Other research groups have integrated genetic and spatial data before, but usually it's done on a more local scale. Ours was the first to combine both types of data for southern African elephants across such a large geographic area," said lead author Alida de Flamingh, who completed the study as part of her doctoral program in the Department of Animal Sciences, part of the College of Agricultural, Consumer and Environmental Sciences (ACES) at Illinois. She is now a postdoctoral researcher at the Carl R. Woese Institute for Genomic Biology.

Scale is meaningful because African elephants have very large home ranges -- roaming up to 11,000 square kilometers, or more than 2.7 million acres -- and they often travel long distances out of their way to avoid unsuitable habitat. Capturing that scale in a single analysis was no easy feat.

"This was a massive effort. We went out with our partners in the Conservation Ecology Research Unit at the University of Pretoria to collect non-invasive DNA samples from elephant dung across the whole range," de Flamingh said. "CERU also contributed data from GPS trackers on 80 collared elephants across nearly 54,000 locations."

GPS collar data shows how elephants move across the landscape but can't indicate whether that movement leads to gene flow. Conversely, DNA data documents gene flow, but can't show how elephants moved to make that happen. Integrating the two data sets required a landscape genetics approach.

"Landscape genetics adapts some ideas from electrical circuit theory to discuss how animals might move and achieve gene flow. Our approach looks at resistances or costs elephants encounter as they move along multiple pathways through the region, accounting for the possibility of losing or gaining individual paths," said co-author Nathan Alexander, a postdoctoral researcher at the Illinois Natural History Survey. Alexander worked on the project during his doctoral program in the Department of Natural Resources and Environmental Sciences in ACES.




Costs in this case included steep slopes, barren areas with little to no vegetation, densely populated human settlements, and areas far from water. The researchers combined these environmental challenges with DNA data to explain how elephants might navigate their habitat, identifying key routes to maintain gene flow across protected areas.

"We did not find a simple linear relationship where more suitable habitats are less costly. Instead, we found a pronounced nonlinear pattern where the least suitable habitats have the biggest impact on elephant movement or distribution across the landscape," de Flamingh said. "Intermediate habitats aren't necessarily dictating their movements as much as these really, really unsuitable habitats. That's positive, if you think about it. They're tolerant of intermediate habitats and can still move through them."

What qualifies as a "really, really unsuitable" habitat? The researchers identified areas like the vegetation-free Makgadikgadi salt pans in Botswana, as well as densely populated human settlements. Providing connections for elephants that avoid these areas will also reduce human-elephant conflict, a distinct threat to elephants.

De Flamingh said the insights gained from this study can help governmental authorities and NGOs in southern Africa to develop robust conservation initiatives on the ground.

"Southern Africa has the largest number of elephants in all of Africa. So any conservation efforts there, especially those that avoid human-elephant conflict, would protect pretty large populations of elephants," said senior author Al Roca, an animal sciences professor in ACES. "Our partners at CERU, as well as our funders -- the International Fund for Animal Welfare and the African Elephant Conservation Fund of the U.S. Fish and Wildlife Service -- are really critical in those efforts."

The study, "Integrating habitat suitability modeling with gene flow improves delineation of landscape connections among African savanna elephants," is published in Biodiversity and Conservation. The paper is dedicated to the memory of co-author Rudi van Aarde, who was instrumental in launching the study as head of CERU, and who passed away while the research was ongoing.

Roca is also affiliated with the Carl R. Woese Institute for Genomic Biology, the Illinois Natural History Survey, and the School of Information Sciences at Illinois.
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Living with a killer: How an unlikely mantis shrimp-clam association violates a biological principle | ScienceDaily
When clams gamble on living with a killer, sometimes their luck may run out, according to a University of Michigan study.


						
A longstanding question in ecology asks how can so many different species co-occur, or live together, at the same time and at the same place. One influential theory called the competitive exclusion principle suggests that only one species can occupy a particular niche in a biological community at any one time.

But out in the wild, researchers find many instances of different species that appear to occupy the same niches at the same time, living in the same microhabitats and consuming the same food.

U-M ecology and evolutionary biology graduate student Teal Harrison and her adviser Diarmaid O Foighil examined one such instance: a highly specialized community of seven marine clam species living in the burrows of their host species, a predatory mantis shrimp.

Six of these seven clam species, called yoyo clams, attach to the shrimp's burrow walls with a long foot used to spring, yoyo-like, away from danger. The seventh of the clam species, a close relative of the yoyo clams, has a distinct within-burrow niche in that it attaches directly to the host mantis shrimp's body and does not yoyo. The researchers wondered how this unusual clam community persists.

"We've got this remarkable situation where all these clam species not only share the same host but most of them have also evolved, or speciated, on that host. How is this possible?" said O Foighil, also a curator of mollusks at the U-M Museum of Zoology.

When Harrison conducted field samples of these clam species in mantis shrimp burrows, what she found went against theoretical expectations: all burrows that contained multiple species of clams were composed solely of the burrow wall yoyo clams. And when the host-attached clam species was added to the mix in a laboratory experiment, the mantis shrimp killed all of the burrow-wall clams.




This goes against theoretical expectation, the researchers say. According to the competitive exclusion principle, species that evolve to live in different niches should live together more frequently than species that occupy the same niche. But Harrison's data, published in the journal PeerJ, suggest that the evolution of a new, host-attached niche has paradoxically led to ecological exclusion, not cohabitation, among these commensal clams.

"Teal had two sets of unexpected results. One of them was that the species that should co-occur with the yoyo clams doesn't. And the second unexpected result was that the host can go rogue," O Foighil said. "The interesting twist is the only survivor was a clam attached to the mantis shrimp's body. Anything on the burrow wall, it killed. It even went outside the burrow and killed one that had wandered out."

The competitive exclusion principle predicts that the six yoyo clam species (which share the burrow-wall niche) will co-occupy host burrows less frequently with each other than with the (niche-differentiated) host-attached clam species. Harrison tested this prediction by field-censusing populations in the Indian River Lagoon, Florida. This involved carefully capturing host mantis shrimp by hand and sampling their burrows for clams using a stainless-steel bait pump.

Harrison then built artificial burrows in the laboratory where she could study, up close, commensal clam behavior with and without a mantis shrimp host. Just two-and-a-half days after setup, almost all of the clams in the mantis shrimp's burrow were dead.

"It was very surreal," Harrison said. "It honestly didn't even dawn on me that they were eaten right away because it was so far from what I was expecting to find. They are commensal organisms, they cohabitate with these mantis shrimp in the wild, and there was no possible way we would know whether this behavior was already happening this way in the wild or not. I just wasn't expecting it."

Harrison was devastated. O Foighil was excited.




"Teal was understandably distraught when the experiment 'failed' after all her hard work, but I was excited," O Foighil said. "When you get a completely unexpected result in science, it's potentially telling you something brand new and important."

The researchers say that the exclusion mechanism -- blocking burrow-wall and host-attached clam co-occurrence -- is currently unclear. One reason could be that, during the larval stage, burrow wall clams recruit to different host burrows than the host-attached clams. But it also could be differential survival in burrow assemblages that have both burrow wall and host-attached clams -- that is, potentially that mixed population of clams triggers a lethal reaction in the host, O Foighil said.

The researchers' next steps are to look into what happened. It could have been an artifact of the setup in the lab, O Foighil said. Or it could be telling the researchers that under some conditions, the commensal association of the burrow wall yoyo clams and the predatory host can "break down catastrophically," he said.

"It was pretty cool to have a finding that was contrary to what we were expecting based on evolutionary theory, and it was not only contrary to our theoretical expectations, but it happened in such a dramatic way," Harrison said.

The researchers have proposed two follow-up studies. The first to determine if both types of commensals can recruit as larvae to the same host burrows. The second to test whether the mantis shrimp itself is the culprit: does its predatory behavior change when the host-attached species is added to its burrow?

Study co-authors include Ryutaro Goto of Kyoto University, who initiated this line of work as a postdoctoral researcher in O Foighil's lab, and Jingchun Li of the University of Colorado, also a former graduate student in the O Foighil lab.
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Scientists reach consensus for fasting terminology | ScienceDaily
Dr. Eric Ravussin of Pennington Biomedical Research Center in Baton Rouge was one of 38 scientists from five continents to present the first international consensus on fasting terminology and key definitions. Published in Cell Metabolism, the recent study reflects the increasing popularity of diets tied to fasting and a significant increase in scientific studies of fasting. While the application of fasting is rapidly growing, there was previously no globally established terminology.


						
The panel was the first to bring together experimental and clinical experts in medical and religious fasting. Twenty-four terms were defined as panelists collaborated across a live conference and five online surveys. Some of the major terms defined include "fasting," "modified fasting," fluid-only fasting," "alternate-day fasting," "prolonged fasting," and "religious fasting," among others.

"Despite the fact that fasting is being studied extensively around the world, especially in relationship to healthy aging, there was no common definitions of the different approaches to fasting and caloric restriction." said Dr. Ravussin, who is a professor of diabetes and metabolism at Pennington Biomedical. "By defining these terms and setting a standard, we can help steer people away from those unverified diets that mislead participants into unhealthy or even dangerous behaviors. The application of fasting has proven to be beneficial and popular, and as its use grows, we wanted to ensure researchers, dieticians, nutritionists, and fitness instructors are aligned with clear, universal terminology."

Using the Delphi method -- a communication technique to generate a consensus through a series of questionnaires -- the multidisciplinary panel of researchers reach consensus on these terms to better facilitate communication and cross-referencing in the field.

Scientists from around the world who were approached to participate in the panel primarily specialized in dietary approaches to increasing both health and potentially lifespan, as well as impacting the known biomarkers of aging. Dr. Ravussin is a well-known researcher in this field, and his work on the panel began in 2002.

"Dr. Ravussin's contributions to this panel are not only important for the consensus that was reached, but for furthering Pennington Biomedical's reputation as a leading global voice in these industry-wide guidelines that will provide clarity and consistency to researchers around the world," said Pennington Biomedical Executive Director Dr. John Kirwan. "His contribution on the plan furthers our leadership role contributing to the knowledge base and improving health across the lifespan."

Some of the better-known words whose definitions were formally agreed upon through the survey include:
    	Fasting - voluntary abstinence from some or all foods or foods and beverages.
    	Modified fasting -- restriction of energy intake to a maximum 25 percent of energy needs.
    	Fluid-only fasting -- a modified fasting regimen whereby only beverages are consumed for a certain period of time.
    	Alternate-day fasting -- alternating a day of eating ad libitum and a day of water-only fasting.
    	Short-term fasting -- fasting that lasts two to three days.
    	Prolonged fasting -- fasting for greater than or equal to four consecutive days.
    	Religious fasting -- any fasting regime that is undertaken as part of a religious practice.

Intermittent fasting -- repetitive fasting periods lasting equal to or less than 48 hours.




About the Pennington Biomedical Research Center

The Pennington Biomedical Research Center is at the forefront of medical discovery as it relates to understanding the triggers of obesity, diabetes, cardiovascular disease, cancer and dementia. The Center conducts basic, clinical, and population research, and is a campus of the LSU System.

The research enterprise at Pennington Biomedical includes over 530 employees within a network of 44 clinics and research laboratories, and 13 highly specialized core service facilities. Its scientists and physician/scientists are supported by research trainees, lab technicians, nurses, dietitians, and other support personnel.?Pennington Biomedical is a state-of-the-art research facility on a 222-acre campus in Baton Rouge.
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New York City's fireworks display prompts temporary surge of air pollution | ScienceDaily
In 2023, roughly 60,000 firework shells exploded above Manhattan's East River as part of Macy's Fourth of July show. The resulting air pollutant levels were many times higher in the hours after the display than those seen when smoke from a Canadian wildfire had blanketed the area a month before.


						
This is according to the results of a new study, led by researchers at NYU Langone Health, which measured air quality just before and after the Independence Day event, one of the largest in the United States. Tiny particles of hazardous metals and organic compounds peaked at 3,000 micrograms per cubic meter at an air sampling site near the show and topped 1,000 micrograms per cubic meter at two other nearby locations. By comparison, New York City's average daily fine-particle concentration is 15 micrograms per cubic meter and reached 460 micrograms per cubic meter from the wildfire smoke in June 2023.

The team also found that air quality took several hours to return to baseline levels for most sampling sites, with those closest to the display, such as in Midtown Manhattan, taking as long as 12 hours.

In addition to fine-particle air pollutant increases, water samples collected from the East River had more than double the levels of metals sometimes used to give fireworks their vibrant colors, such as lead, nickel, and antimony, than before the celebration. Notably, the researchers had shown in earlier experiments using rodents and human tissue that lung exposure to such emissions can lead to oxidation, a chemical process in the body that may damage or even kill cells if left unchecked.

"Our findings suggest that major firework displays can create a temporary spike in air pollution that may pose a health risk to both humans and the environment," said study lead author Terry Gordon, PhD, a professor in the Department of Medicine at NYU Grossman School of Medicine.

In a 2020 study by the same team, the authors analyzed 14 years' worth of air quality samples taken at dozens of sites across the United States by the Environmental Protection Agency (EPA). They found that levels of toxic metals were higher in samples collected around Independence Day and New Year's Eve than at any other time of the year. Past research from other experts has also assessed pollution from firework displays in other countries and has connected such exposure to lung problems such as asthma, pneumonia, and chronic obstructive pulmonary disease, says Gordon. Gordon is also a member of the department's Center for the Investigation of Environmental Hazards and the Division of Environmental Medicine.

The new study, publishing online Aug. 6 in the Journal of Exposure Science & Environmental Epidemiology, takes a more comprehensive look at how firework pollution travels and lingers after the initial event, the authors say.




For the research, the team collected air quality samples using real-time monitors at four residential sites along the East River near the display launch site in Manhattan and in Long Island City in Queens. To confirm the monitors' findings, the investigators analyzed hourly air-quality data from both EPA monitors within a 6-mile radius of the show's launch sites and a network of low-cost particle monitors set up less than a mile away.

Assessing data from EPA monitoring sites in other major cities, the team also documented increases in pollutant levels in Boston, Philadelphia, and Washington, DC, which like New York, showed elevated pollutant levels that lasted between three and 12 hours before returning to baseline.

"While these findings may seem alarming, firework shows can still be enjoyed," said study senior author Antonio Saporito, BA, a doctoral student at NYU Grossman School of Medicine. "Wearing an N-95 or KN95 mask is a good way to avoid inhaling smoke when standing near a display, especially for children and for those with preexisting heart and lung problems."

Saporito says that the 24-hour average of airborne particles estimated in the study was 25 micrograms per cubic meter, which falls within the EPA's health guidelines, although it does surpass those set by the World Health Organization. He adds that the authors did not take into account local, unregulated firework exhibitions that could have also contributed to environmental pollution.

Next, the team plans to repeat their investigation by analyzing data collected during Macy's 2024 Fourth of July celebration, which was launched over the Hudson River on Manhattan's West Side, and examine potential health effects tied to such events.

Study funding was provided by NYU Langone.

In addition to Gordon and Saporito, other NYU Langone investigators involved in the study are David Luglio, PhD; Beck Kim, BS; Tri Huynh, BS; Rahanna Khan, MS; Amna Raja, MS; Kristin Terez, MS; Nicole Camacho-Rivera, MS; Rachel Gordon, BA; Julie Gardella, BA; Maria Katsigeorgis, MS; Rodney Graham, BA; Thomas Kluz, BS; and Max Costa, PhD.
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Researchers find gene which determines marsupial fur color | ScienceDaily
Fur is a defining characteristic of mammals, coming in a wide variety of colours and patterns -- thanks to a world-first study, we now know which genes make a marsupial's coat black or grey.


						
Researchers from New Zealand's University of Otago -- ?t?kou Whakaihu Waka and Manaaki Whenua Landcare Research analysed brushtail possum DNA to better understand the evolution of fur colour variation.

Published in Royal Society Open Science, the study built on the group's earlier work of sequencing the entire genome of the New Zealand brushtail possum.

Co-lead Dr Donna Bond, of Otago's Department of Anatomy, says it is the first time anyone has looked at coat colour genetic variation in a natural population of marsupials.

"Although marsupials -- which include koalas and wombats -- are quite distantly related to us, we think of them as cute and cuddly because of their fur. Our research now reveals why most of them have grey fur, but some are black.

"The colour of a mammal's fur is intrinsic to its identity -- knowing the molecular reasons why is important to relate it to other animal systems, particularly for understudied marsupials," she says.

Possums are one of the few marsupials where natural coat colour variation exists. In Australia, where they are considered a cultural treasure, many Tasmanian possums are black, while on the mainland they are grey. In New Zealand, where they are considered a pest after being introduced in the 1850s to establish a fur trade, these subspecies interbreed at high rates.




"Due to this interbreeding, we knew we could pin down the genes responsible quite easily and provide a good model for other marsupials with coat colour variation that are harder to study," Dr Bond says.

But the work was not limited to just possums -- the researchers also found the protein responsible for colour variation, Agouti Signalling Protein (ASIP), is rapidly evolving in the carnivorous dasyurid marsupials.

Study director Associate Professor Tim Hore, also of Otago's Department of Anatomy, describes these animals as "perhaps the most colourful and interesting marsupials" based on their fur.

"You have the quolls who are spotted and can be either black or grey, and the famously striped tigers and devils with blotches from Tasmania.

"We can now connect rapid molecular evolution of coat colour genes with the role of these carnivorous marsupials as predators needing to avoid detection from prey," he says.

Coat colour variation is thought to have evolved in mammals many times over to fulfil certain functions.




"For a nocturnal animal like the possum, having black fur may help conceal it from predators in Tasmania, but perhaps this is not needed on the Australian mainland.

"As possums continue to adapt and evolve in New Zealand, where they don't have many predators other than humans, it will be interesting to see whether black or grey coat colour is preferred in certain locations or not," Associate Professor Hore says.

*Possum skins and fur are a cultural treasure in Australia, where Southern Aboriginal tribes use their skins for cloaks, depicting images and stories on them throughout life. Historically, possum fur and skin were used to make balls for sports including marngrook, which some believe to be a founding influence in Australian Rules Football.

While possums are protected in Australia, they are considered a pest in New Zealand where possum fur and skin continue to be harvested due to its superior insulating properties.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240806131327.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Advanced chelators offer efficient and eco-friendly rare earth element recovery | ScienceDaily
The world is going to need a lot of weird metals in the coming years, according to chemistry professor Justin Wilson at UC Santa Barbara. But he isn't talking about lithium, cobalt or even beryllium. Wilson's interested in dysprosium, which is so hidden in the periodic table that you'd be forgiven for thinking he made it up.


						
Rare earth elements (REEs) like dysprosium have a lot of niche uses in modern electronics. So much so that the U.S. Department of Energy classifies them as "critical minerals." And while they aren't quite as rare as noble metals like platinum or gold, they are difficult to obtain from natural deposits. They also share extremely similar chemical properties, making them devilishly difficult to isolate from one another.

But a team led by Wilson and postdoctoral researcher Yangyang Gao has just developed a technique to purify certain REEs at room temperature without relying on the toxic and caustic compounds currently used for the task. The results, published in the journal Angewandte Chemie, promise a safer, more effective way to process these metals from mining operations and recover them from electronic waste.

Useful elements out of the public eye

Rare earth elements include scandium, yttrium and the lanthanides -- the first of the two rows that publishers excise from the periodic table so that it fits on a single page. The lanthanides (and actinides below them) actually slot in just to the right of the second column. You may be familiar with the REE neodymium as the metal used to make crazy strong magnets. Wilson is interested in neodymium as well.

These elements share many chemical properties, making them tough to separate from one another. They all form ions with a +3 charge, and they all prefer to bond with non-metals in the second row of the periodic table (like oxygen and nitrogen). Fortunately, they differ slightly in their ionic radius, or size. However, their sizes are still fairly similar, with only a 16% change in radius across the series.

Despite their similar physical and chemical properties, the REEs do have their distinguishing features. Differences in the number and arrangement of valence electrons confer each of these elements with distinct magnetic and optical properties. Only by isolating them in pure samples can we take advantage of these unique characteristics.




Tuning the technique

The current industry standard for separating REEs from one another is called liquid-liquid extraction, which combines an organic solvent (such as a kerosene or benzene) and a water-based solvent. "It's like salad dressing at this point, where you have two phases and they don't mix," Wilson said. So chemists add molecules called chelators into the organic solvent that are designed to bind to REEs.

The key is that these chelators have a slight preference for smaller atoms, which enables them to separate one type of REE from another based on size. Still the process is rather inefficient: only a couple percent enrichment for each extraction cycle. Obtaining a sufficiently pure sample of a particular element for industrial use requires many liquid-liquid extraction cycles, which generates a lot of chemical waste.

Wilson and his co-authors at Cornell and University of Nevada, Reno, developed more optimized chelators and a process that doesn't require an organic solvent. This eliminates substances that are often inflammable, carcinogenic and toxic.

The authors tested their method in a solution of dysprosium (Dy) and neodymium (Nd). They used a specific chelator, called G-macropa, to bind to the larger Nd atoms, and then added sodium bicarbonate (aka baking soda) to cause the smaller Dy to precipitate as a carbonate salt. This can simply be filtered out and processed to recover the pure metal. Decreasing the acidity of the remaining solution enabled them to separate the Nd from the chelator, which can then be reused.

A single cycle of this new process can concentrate dysprosium by a factor of over 800, compared to less than 10 for liquid-liquid extraction.




"[I was very surprised] when my postdoc, Yangyang, showed me the elemental analysis data," Wilson said. After repeating the test to confirm the results, the team realized just how fine-tuned their chelator was for this separation process.

By collaborating with David Cantu, a professor at UN Reno, they were able to understand and compare the efficacy of G-macropa to other chelators at a molecular level. These theoretical studies will help scientists design second-generation analogues.

Large applications and small adjustments

This efficiency is important for scaling the process because the G-macropa chelator is more complex, and thus expensive, than the ones in standard use. The team is also exploring chelators that may be less expensive to produce.

Wilson and his co-authors focused on separating Nd from Dy because the two elements are abundant in e-waste, particularly those neodymium magnets. Indeed, they performed their experiments on e-waste to emphasize its potential for making recycling an economically viable source of REEs.

They're working to tailor this technique to other assemblages of rare earth elements as well as ensuring it works with high concentrations of REEs more similar to industrial sources.

Advances in separating rare earth elements could massively impact the supply chain for these metals. The United States has large deposits of REEs, but important environmental and health regulations have prevented American industries from competing with China, where these safeguards are much more lax.

"A cleaner and more efficient separation of these elements could potentially open up domestic supplies of the rare earth elements," Wilson said. This would be a win-win for national security and the American economy as these weird metals become ever more important.
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Ketogenic Diet may reduce friendly gut bacteria and raise cholesterol levels | ScienceDaily

Key findings include:
    	Increased Cholesterol: The keto diet raised cholesterol levels, particularly in small and medium sized LDL particles. The diet increased apolipoprotein B (apoB), which causes plaque buildup in arteries. In contrast, the low-sugar diet significantly reduced cholesterol in LDL particles.

    	Reduced Favourable Gut Bacteria: The keto diet altered gut microbiome composition, notably decreasing Bifidobacteria, beneficial bacteria often found in probiotics. This bacteria has wide ranging benefits: producing b vitamins, inhibiting pathogens and harmful bacteria and lowering cholesterol. Sugar restriction did not significantly impact the gut microbiome composition.

    	Glucose Tolerance: The keto diet reduced glucose tolerance, meaning the adults' bodies became less efficient at handling carbohydrates.

    	Both Diets Resulted In Fat Loss: Keto Diet resulted in an average of 2.9 kg fat mass loss per person, whilst the sugar restricted diet followed with an average 2.1 kg fat mass loss per person at 12 weeks.

    	Metabolism: Researchers also noticed that the keto diet caused significant changes in lipid metabolism and muscle energy use, shifting the body's fuel preference from glucose to fats.

    	Physical Activity Levels: Both sugar restriction and keto diets achieved fat loss without changing physical activity levels. Previous studies from the Centre for Nutrition, Exercise and Metabolism have shown that skipping breakfast or intermittent fasting cause reductions in physical activity.

Lead researcher Dr. Aaron Hengist highlighted the concerning cholesterol findings:

"Despite reducing fat mass, the ketogenic diet increased the levels of unfavourable fats in the blood of our participants, which, if sustained over years, could have long-term health implications such as increased risk of heart disease and stroke."

Dr. Russell Davies, who led the microbiome research, explained the impact on gut health:

"Dietary fibre is essential for the survival of beneficial gut bacteria like Bifidobacteria. The ketogenic diet reduced fibre intake to around 15 grams per day, half the NHS recommended intake. This reduction in Bifidobacteria might contribute to significant long-term health consequences such as an increased risk of digestive disorders like irritable bowel disease, increased risk of intestinal infection and a weakened immune function."

Professor Javier Gonzalez, who oversaw the research, commented on the glucose findings:

"The ketogenic diet reduced fasting glucose levels but also reduced the body's ability to handle carbs from a meal. By measuring proteins in muscle samples taken from participants' legs, we think this is probably an adaptive response to eating less carbohydrates day-to-day and reflects insulin resistance to storing carbs in muscle. This insulin resistance is not necessarily a bad thing if people are following a ketogenic diet, but if these changes persist when people switch back to a higher carbohydrate diet it could increase the risk of developing type 2 diabetes in the long-term"




In light of this new research, the academics conclude that if you're considering a diet, a low sugar one will be better for most people. More work is needed to understand how individuals may benefit from each type of diet. The government recommends that free sugars (those added to food or drink or found naturally in honey, syrups, fruit juices and smoothies) should be restricted to less than 5% of total energy intake. Professor Dylan Thompson, who also oversaw the work, said:

"The ketogenic diet is effective for fat loss, but it comes with varied metabolic and microbiome effects that may not suit everyone. In contrast, sugar restriction supports government guidelines for reducing free sugar intake, promoting fat loss without apparent negative health impacts."

This work was supported by an initial grant from The Rank Prize Funds, with subsequent funding from Cosun Nutrition Center, The University of Bath, and Ian Tarr. Exploratory analyses included fellowship support for some investigators from the British Heart Foundation and Medical Research Council.
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A new way of thinking about the economy could help protect the Amazon, and help its people thrive | ScienceDaily
To protect the Amazon and support the wellbeing of its people, its economy needs to shift from environmentally harmful production to a model built around the diversity of indigenous and rural communities, and standing forests.


						
A group of conservationists from Bolivia, Brazil, Peru, Ecuador, the US and the UK say that current conservation and development efforts will never sustain or scale without systemic changes in how economies are designed.

Despite extensive destruction of the Amazon in the name of economic development, Amazonian communities have seen little improvement in income, life expectancy, and education. The researchers have proposed a new model and associated policy changes that could create fair and sustainable futures for the Amazon and its people by improving infrastructure, supply chains, and social organisations.

Their results, reported in the journal Nature Ecology and Evolution, are focused on the Amazon, however the researchers say similar economic models could be implemented around the world if the political will exists.

The Amazon basin is home to the world's largest tropical rainforest, representing over half of the world's remaining rainforest, and stores vast amounts of carbon. However, decades of large-scale deforestation, as well as the increased risk of fires and floods due to climate change, has put much of the Amazon rainforest under threat. In addition to what the loss of the Amazon would mean for global carbon emissions, the rainforest is also home to many indigenous peoples and thousands of species of plants and animals.

"We need a different vision for the Amazon if we're going to protect it," said lead author Professor Rachael Garrett from the University of Cambridge's Department of Geography and the Conservation Research Institute. "Half a century of deforestation and exploitation of the Amazon has not resulted in widespread development, and now the economic value of deforested areas is threatened, not to mention the threats to the global climate and water security."

Working with colleagues from the Amazonian region, Garrett has proposed building on the success of indigenous and traditional communities to develop new economies, which could protect much of the Amazon while also improving the livelihoods, health, and food security of the many people who live there. These economic models are known as socio-bioeconomies, or SBEs.




"Conventional economic models can result in short-term gains, but over the longer term, the people and resources of the Amazon basin have been exploited by powerful interests, while there has been an underinvestment in education, innovation, and sustainable infrastructure," said Garrett. "The conventional economic model is simply not sustainable."

The SBE model is focused on using and restoring Amazonian and other ecosystems sustainably, and supporting indigenous and rural communities. An SBE economy might include eco-friendly tourism, or the sustainable harvest and processing of plant products into valuable foods, beverages, clothing, and medicines.

"A limited range of interests are controlling the development agenda in most countries," said Garrett. "The only way we can change that is improving the rights and representation of the people who are not benefiting from the systems and are being harmed by ongoing environmental destruction. We believe it is possible to have win-wins for humanity and conservation, but not if we continue to consume products that have a massively negative impact. SBEs can help put these win-wins into policy and practice."

Garrett cites the footwear brand Veja as an example of such a win-win. The French company buys the rubber for its sneakers from small-scale Amazonian rubber farmers, and purchases 100% of the responsibly harvested native rubber in Brazil. As part of its sustainability efforts, the company focuses on building communities of small-scale farmers and has been financially successful without traditional advertising.

Garrett and her collaborators are calling for massive increases in social mobilisation, technology and infrastructure to support SBEs. Under an SBE model, governmental subsidies would be redirected away from agribusiness and toward smaller-scale sustainable development. The researchers also outline how to build connections between rural and urban policies in SBEs. An example is the establishment of public procurement programmes where healthy and sustainably produced foods are purchased directly from indigenous and small farming communities and served in school lunch programmes and hospitals, instead of supporting large-scale agribusiness engaged in degrading practices.

Other policy changes that could support an SBE model include redirecting finance to conservation and restoration activities, supporting community enterprises, and ensuring participatory processes to ensure inclusive, long-term benefits.

"It's possible to have an economy that is strong and works for everyone when we dare to develop new models and visions that recognise the interconnectedness of people and nature," said Garrett. "By popularising these ideas, investing in people and businesses who are making a difference, and supporting research into SBE innovation we can support a transformation in both conservation and development in the Amazon.

"The SBE model could help protect the Amazon and its people while avoiding climate and biodiversity disasters, but there needs to be the political will to make it happen."

Rachael Garrett is the incoming director of the University of Cambridge Conservation Research Institute and a Fellow of Homerton College, Cambridge. She is a council member of the Cambridge Conservation Initiative and serves on the UN Science Panel for the Amazon.
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Carvings at ancient monument may be world's oldest calendars | ScienceDaily
Markings on a stone pillar at a 12,000 year-old archaeological site in Turkey likely represent the world's oldest solar calendar, created as a memorial to a devastating comet strike, experts suggest.


						
The markings at Gobekli Tepe in southern Turkey -- an ancient complex of temple-like enclosures adorned with intricately carved symbols -- could record an astronomical event that triggered a key shift in human civilisation, researchers say.

The research suggests ancient people were able to record their observations of the sun, moon and constellations in the form of a solar calendar, created to keep track of time and mark the change of seasons.

Fresh analysis of V-shaped symbols carved onto pillars at the site has found that each V could represent a single day. This interpretation allowed researchers to count a solar calendar of 365 days on one of the pillars, consisting of 12 lunar months plus 11 extra days.

The summer solstice appears as a separate, special day, represented by a V worn around the neck of a bird-like beast thought to represent the summer solstice constellation at the time. Other statues nearby, possibly representing deities, have been found with similar V-markings at their necks.

Since both the moon's and the sun's cycles are depicted, the carvings could represent the world's earliest so-called lunisolar calendar, based on the phases of the moon and the position of the sun -- pre-dating other known calendars of this type by many millennia.

Ancient people may have created these carvings at Gobekli Tepe to record the date a swarm of comet fragments hit Earth nearly 13,000 years ago -- or 10,850 BC -- researchers say.




The comet strike is suggested to have ushered in a mini ice age lasting over 1,200 years, wiping out many species of large animals. It could also have triggered changes in lifestyle and agriculture thought to be linked to the birth of civilisation soon afterwards in the fertile crescent of West Asia.

Another pillar at the site appears to picture the Taurid meteor stream -- which is thought to be the source of the comet fragments -- lasting 27 days and emanating from the directions of Aquarius and Pisces.

The find also appears to confirm that ancient people were able to record dates using precession -- the wobble in Earth's axis which affects the movement of constellations across the sky -- at least 10,000 years before the phenomenon was documented by Hipparchus of Ancient Greece in 150 BC.

The carvings appear to have remained important to the people of Gobekli Tepe for millennia, suggesting the impact event may have triggered a new cult or religion that influenced the development of civilisation.

The find also supports a theory that Earth faces increased comet strikes as its orbit crosses the path of circling comet fragments, which we normally experience as meteor streams.

Dr Martin Sweatman, of the University of Edinburgh's School of Engineering, who led the research, said: "It appears the inhabitants of Gobekli Tepe were keen observers of the sky, which is to be expected given their world had been devastated by a comet strike. This event might have triggered civilisation by initiating a new religion and by motivating developments in agriculture to cope with the cold climate. Possibly, their attempts to record what they saw are the first steps towards the development of writing millennia later."
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Antarctic-wide survey of plant life to aid conservation efforts | ScienceDaily
The first continent-wide mapping study of plant life across Antarctica reveals growth in previously uncharted areas and is set to inform conservation measures across the region.


						
The satellite survey of mosses, lichens and algae across the continent will form a baseline for monitoring how Antarctica's vegetation responds to climate change.

Scientists used a European Space Agency satellite to sweep the continent, combined with field measurements taken over several summer seasons, and detected almost 45 square kilometers of vegetation -- roughly three times the size of Lake Windermere in the Lake District, UK.

The international team, led by the University of Edinburgh with the Norwegian Institute for Nature Research, British Antarctic Survey and Scottish Association for Marine Science, found that over 80 per cent of the vegetation growth was contained within the Antarctic Peninsula and neighbouring islands.

The team estimates this growth makes up only 0.12 percent of Antarctica's total ice-free area, highlighting the importance of monitoring key areas of vegetation abundance, which is inadequately protected under the existing Antarctic Specially Protected Area (ASPA) system, experts say.

Antarctic vegetation, dominated by mosses and lichens, has adapted to survive the harsh polar conditions and each type plays an important role in carbon and nutrient recycling on a local level, experts say. Until now, their spatial coverage and abundance across the continent remained unknown.

Previous research has shown that the environmental sensitivity of Antarctica's vegetative species makes them excellent barometers of regional climate change. Monitoring their presence in Antarctica, a minimally disturbed landscape, could provide clues as to how similar vegetation types may respond to climate in other fragile ecosystems across the globe, such as parts of the Arctic.

Charlotte Walshaw, PhD researcher from the School of GeoSciences, University of Edinburgh, who led the study, said: "Our continent-scale map provides key information on vegetation presence in areas that are rarely visited by people. This will have profound implications for our understanding of where vegetation is located across the continent, and what factors influence this distribution."

Dr Claudia Colesie, researcher at the University of Edinburgh's School of GeoSciences, who took part in the study, said: "Lichens and mosses in Antarctica encounter the harshest living conditions on the planet on a daily basis. Only the most resilient organisms can thrive there. Now that we know where to look for them, we can provide more targeted conservation measures to safeguard their future."

Dr Andrew Gray, researcher at the Norwegian Institute for Nature Research, who jointly led the study, said: "Remote sensing approaches such as this are low impact methods to study Antarctica's fragile ecosystem as well as monitor change to its vegetation in the future."
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Smallest arm bone in human fossil record sheds light on the dawn of Homo floresiensis | ScienceDaily

Dated to about 700,000 years old, the new findings shed light on the evolution of Homo floresiensis, the so-called 'Hobbits' of Flores whose remains were uncovered in 2003 at Liang Bua cave in the island's west by a team co-led by Australian-New Zealand archaeologist Professor Mike Morwood (1950-2013).

Archaeological evidence suggests these diminutive, small-brained humans inhabited Liang Bua as recently as 50,000 years ago, a time when our own species (Homo sapiens) was already long established in Australia to the south.

There has been much debate about the origin of the mysterious humans from Flores. It was first hypothesised that Homo floresiensis was a dwarfed descendant of early Asian Homo erectus.

Another theory is that the 'Hobbit' is a late-surviving remnant of a more ancient hominin from Africa that pre-dates Homo erectus and was small in stature to begin with, in which case possible candidates include Homo habilis or the famous 'Lucy' (Australopithecus afarensis).

Other than Liang Bua, hominin fossils have only ever been found at a single location on Flores: the open-air site of Mata Menge 75km to the east of the cave. Located in the sparsely populated tropical grasslands of the So'a Basin, this site has previously yielded several hominin fossils (a jaw fragment and six teeth) excavated from a layer of sandstone laid down by a small stream around 700,000 years ago.

Pre-dating the Liang Bua hominins by 650,000 years, the Mata Menge fossil remains have been shown to belong to at least three individuals with even slightly smaller jaws and teeth than Homo floresiensis, implying that small body size evolved early in the history of Flores hominins.




However, as postcranial elements (bones from below the head) had not been found in the fossil record at this site it could not be confirmed that these So'a Basin hominins were at least as small as, if not slightly smaller than, Homo floresiensis.

It was also unclear what species the Mata Menge fossils belonged to, owing to the lack of more diagnostic specimens. However, some teeth were deemed to be intermediate in form between those of early Asian Homo erectus and Homo floresiensis.

The new study published in Nature Communications was led by Professor Yousuke Kaifu of the University of Tokyo, Iwan Kurniawan of the Center for Geological Survey in Indonesia, and Associate Professor Gerrit van den Bergh from the University of Wollongong.

It reports the discovery of three additional hominin fossils from Mata Menge dating to 700,000 years ago, the outcome of several field seasons of excavations at this site. Most importantly, the new assemblage includes the first postcranial element, a distal shaft of an adult humerus (lower half of the upper arm bone).

The recovery of a fossil limb bone from the Mata Menge excavation site has been long-awaited because of the wealth of evidence it provides regarding the ancestral origin of Homo floresiensis.

Digital microscopy of the microstructure indicates that the small humerus is from an adult individual. Based on the estimated length of the bone, the team was able to calculate the body height of this hominin to be about 100cm tall. This is around 6cm shorter than the estimated body height of the 60,000-year-old Homo floresiensis skeleton from Liang Bua (~106cm, based on the femoral length).




"This 700,000-year-old adult humerus is not just shorter than that of Homo floresiensis, it is the smallest upper arm bone known from the hominin fossil record worldwide," said Professor Adam Brumm from Griffith University's Australian Research Centre for Human Evolution, a co-author of the paper.

"This very rare specimen confirms our hypothesis that the ancestors of Homo floresiensis were extremely small in body size; however, it is now apparent from the tiny proportions of this limb bone that the early progenitors of the 'Hobbit' were even smaller than we had previously thought."

The two additional hominin teeth from Mata Menge are also small in size and one bears shape characteristics that are most consistent with early Homo erectus of Java. This similarity does not support the hypothesis that Homo floresiensis evolved from an earlier and more primitive type of hominin, the likes of which have never been recovered from Indonesia, or indeed the wider region outside Africa.

The Mata Menge human remains, which now total 10 fossil specimens, are from at least four individuals (including two children). All of them are very similar anatomically to the Liang Bua Homo floresiensis and can now be regarded as an older variant of this hominin. However, while a direct ancestor of the 'Hobbit', this earlier form had a less specialised dentition (more primitive teeth) than its descendant at Liang Bua.

Further, it is evident from the tiny arm bone that extreme body size reduction occurred early in the history of the Flores hominins.

"The evolutionary history of the Flores hominins is still largely unknown," said Professor Brumm. "However, the new fossils strongly suggest that the 'Hobbit' story did indeed begin when a group of the early Asian hominins known as Homo erectus somehow became isolated on this remote Indonesian island, perhaps one million years ago, and underwent a dramatic body size reduction over time."
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Horse miscarriages offer clues to causes of early human pregnancy loss | ScienceDaily
A study of horses -- which share many important similarities with humans in their chromosomes and pregnancies -- revealed that 42% of miscarriages and spontaneous abortions in the first two months of pregnancy were due to complications from an extra set of chromosomes, a condition called triploidy.


						
"Over that embryonic period [up to eight weeks from conception], triploidy had rarely been reported in mammals outside of women," said Mandi de Mestre, professor of equine medicine at Cornell University. "The study tells us that over the first six weeks of gestation, this will likely be the primary cause of pregnancy loss following natural conception."

de Mestre is the corresponding author of "Naturally Occurring Horse Model of Miscarriage Reveals Temporal Relationship Between Chromosomal Aberration Type and Point of Lethality," published in the Proceedings of the National Academy of Sciences.

Human miscarriages occur in 10-20% of pregnancies and are commonly associated with chromosomal errors, but there have been no suitable animal models that truly duplicate the features of the condition. The new research findings will help veterinarians better understand the causes of pregnancy loss in horses and identifies horses as an excellent model for studying human miscarriage.

"We were able to study the impact of chromosome errors across the entire pregnancy in the horse," de Mestre said. "We found that triploidy is only associated with losses in early pregnancy."

In the study, de Mestre's laboratory at Cornell, and earlier at The Royal Veterinary College, London, received 256 fetus and placenta samples from veterinarians who treated horses with failed pregnancies over a period of 10 years. Using the samples, the researchers were able to investigate the prevalence of different types of chromosomal copy number errors associated with pregnancy loss. They found that chromosomal errors occurred in 57.9% of pregnancy losses up to day 55 of gestation, in 57.2% of losses between days 56 and 110 and in only 1.4% of losses between days 111 and the end of pregnancy. Aneuploidy (loss or gain of a single whole chromosome) was mainly associated with miscarriages in the first 10 weeks of pregnancy, while deletions or duplications of only part of a chromosome were found in miscarriages after 110 days. These findings turned out to be remarkably similar to those observed in a number of large studies in women, according to the paper.

Horses are a good model for studying human pregnancies because they have a similar gestation period -- 11 months compared to nine months in women -- and the embryo develops at a similar rate in the early stages. In addition, horse chromosomes have a very similar genetic content to human chromosomes, which makes them particularly relevant for the study of chromosome errors.




Reasons for miscarriage in women in very early pregnancy have been difficult to determine because most fetuses during this period are lost at home, leaving scientists without material -- and data -- to study. The study's findings provide insight into the frequency of chromosome errors over the equivalent period of the first six weeks of human gestation.

Because of the value of horses and the emotional attachment their owners have to them, horses receive a high level of care, with routine tracking of pregnancies, which then provide extensive data for research.

Other animal models, such as mice, are not comparable to human pregnancies. Mice have a gestation period of about three weeks, and natural pregnancy losses in mice are low.

In terms of equine health, the study provides new details about common chromosomal abnormalities that will likely change the clinical management of pregnancies. For example, if a clinician determines that a horse has a major chromosomal error, they may no longer choose to extend that pregnancy by administering hormones, a common practice in pregnant mares. The study will also point researchers toward the development of new diagnostic tests for chromosome abnormalities in horse fetuses and investigating molecular mechanisms that lead to these abnormalities.

"This research has provided a foundation for understanding the genetic causes of pregnancy loss in horses, often referred to as pregnancy loss of unknown cause," said Shebl Salem, a postdoctoral researcher in de Mestre's Equine Pregnancy Lab and a co-first author of the study.

Other co-first authors include Jessica Lawson of the Royal Veterinary College in London, United Kingdom; and Donald Miller, de Mestre lab manager.

The study was partly funded by the Horserace Betting Levy Board and Thoroughbred Breeders Association.
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An overlooked side-effect of the housing crisis may be putting Californians at increased risk from climate disasters | ScienceDaily

Since the 1990s, California has led the nation in the growth of Wildland-Urban Interface (WUI) development, with more than one in three households in the state now located immediately next to or within natural areas. This proximity to wildlands puts WUI residents at higher-risk for climate-related natural disasters like fires, floods, and landslides. Extensive WUI development also makes wildfires more likely, while negatively impacting wildlife habitat and resulting in longer commutes, which increases greenhouse gas emissions.

Despite growing recognition of the serious hazards and massive scale of WUI development, the causes of this type of growth are still not well understood. UC Santa Cruz Sociology Professor Miriam Greenberg, lead author of the new article, believes that incorporating new perspectives and methods from the social sciences will help to change that.

"In the past, most approaches to studying the WUI have been from a natural systems perspective," she said. "But our research aims to demonstrate that you can't extricate these environmental and ecological dynamics from urban and housing dynamics -- it's all interconnected. So we're really excited to be doing primary research that will help us understand, for the first time, the drivers, demographics, and related dynamics of WUI growth, taking the broader context of the housing crisis into consideration."

Greenberg added that California has the unfortunate distinction of facing both the most extreme housing crisis in the United States and a rate and scale of WUI growth that is unequaled elsewhere in the country. That makes the state a particularly important laboratory for studying these issues and the potential relationships between them.

For the upcoming research, which is currently in progress, the team is using a mixed-methods approach that will include surveys and ethnographic interviews and will integrate census data with WUI mapping and ecology data. Another aspect of the study, which was not a focus of the recent article, will explore Indigenous land stewardship, habitat restoration, and prescribed burning in the context of WUI growth. The research will be conducted along California's Central Coast, one of the most unaffordable housing markets in the U.S.

The project will involve a wide range of community partners and faculty and staff across UC Santa Cruz and San Jose State, including Associate Professor of Sociology Hillary Angelo and Environmental Studies Professor Chris Wilmers, who are coauthors of the current article alongside Greenberg and UCSC Sociology graduate student Elena Losada.




The paper shares three main predictions for trends that the research team thinks they will find in the WUI. First, they believe there has been a major shift in what motivates people to move to WUI areas. While people may have historically chosen to live in the WUI because of generational ties to an area or a desire to be closer to nature, the researchers believe that housing affordability has become a main driver of increased migration to the WUI since the 1990s, as a growing number of Californians have been priced out of urban areas due to the state's worsening housing crisis.

The demographics of this may play out differently in different types of WUI areas, which themselves are shaped by a combination of political, economic, and environmental factors. For example, WUI "interface" development that sprawls out from urban areas to the edges of wild areas is likely to be filled primarily with middle-income commuters, the researchers suspect. Meanwhile, they expect that more remote development within wildland areas -- called WUI "intermix" development -- will have particularly stark inequality, featuring a combination of estates for the wealthy, modest older homes, and informal, off-the-grid living, including in trailers and vehicles.

The paper argues that the rise of affordability-driven migration has likely resulted in overall growth of inequality in the WUI, and this has exacerbated the impact of environmental disasters fueled by climate change. While all residents of these communities face the same risks, differences in wealth, time availability, and knowledge of the local landscapes mean that households have very different abilities to prepare for and recover from disasters, researchers believe. As a result, newer and lower-income residents who move to the WUI primarily for affordability reasons may end up suffering disproportionately when disaster strikes.

Overall, the paper's authors anticipate that their findings will demonstrate the need to treat the affordable housing crisis as not only a major social issue but also a significant sustainability problem that must be addressed in order to protect communities from climate change.

Tackling that challenge will require integrating planning and policy for housing and climate change at the local, state, and federal levels, as well as routinely bringing the social sciences and natural sciences together for research on these issues, the paper says. Ultimately, the research team argues that affordable housing production and preservation and protection of tenants in urban areas are crucial actions that shape sustainability, both within cities and far beyond.

"We really need to expand the frontiers of how we think about urban sustainability, because it doesn't just end at city boundaries," said the paper's coauthor, Associate Professor of Sociology Hillary Angelo. "Without enough affordable urban housing, people are being pushed to riskier areas outside of cities, and that makes cities unjust while also having terrible social and environmental impacts elsewhere. Understanding these interconnections is key to true sustainability."
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Hydraulic lift technology may have helped build Egypt's iconic Pyramid of Djoser | ScienceDaily
The Pyramid of Djoser, the oldest of Egypt's iconic pyramids, may have been built with the help of a unique hydraulic lift system, according to a study published August 5, 2024, in the open-access journal PLOS ONE by Xavier Landreau from CEA Paleotechnic Institute, France, and colleagues. The new study suggests that water may have been able to flow into two shafts located inside the pyramid itself, where that water could have been used to help raise and lower a float used to carry the building stones.


						
The Pyramid of Djoser, also known as the Step Pyramid, is believed to have been built around 2680 BCE as a funerary complex for the Third Dynasty pharaoh Djoser. Yet the exact method of its construction remains unclear. In this new interdisciplinary analysis, researchers suggest that the nearby Gisr el-Mudir enclosure -- a previously unexplained structure -- may have functioned as a "check dam" to capture water and sediment. In addition, a series of compartments dug into the ground outside of the pyramid may have served as a water treatment facility, allowing sediment to settle as water passed through each subsequent compartment. Water may then have been able to flow into the pyramid shafts themselves, where the force of its rise could help carry the building stones.

Further research is still needed to understand how water might have flowed through the shafts, as well as how much water was available on the landscape at that point in Earth's history. But the authors of this new study suggest that even as other building methods like ramps were probably also used to help build the pyramid, a hydraulic lift system could have been used to support the building process when there was enough water.

The authors add: "A collaborative effort between the newly established research institute, Paleotechnic, and several national laboratories (INRAE, University of Orleans) has led to the discovery of a dam, a water treatment facility, and a hydraulic elevator, which would have enabled the construction of the Step Pyramid of Saqqara. This work opens a new research line for the scientific community: the use of hydraulic power to build the pyramids of Egypt."
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Greenland fossil discovery reveals increased risk of sea-level catastrophe | ScienceDaily
The story of Greenland keeps getting greener -- and scarier.


						
A new studyprovides the first direct evidence that the center -- not just the edges -- of Greenland's ice sheet melted away in the recent geological past and the now-ice-covered island was then home to a green, tundra landscape.

A team of scientists re-examined a few inches of sediment from the bottom of a two-mile-deep ice core extracted at the very center of Greenland in 1993 -- and held for 30 years in a Colorado storage facility. They were amazed to discover soil that contained willow wood, insect parts, fungi, and a poppy seed in pristine condition.

"These fossils are beautiful," says Paul Bierman, a scientist at the University of Vermont who co-led the new study with UVM graduate student Halley Mastro and nine other researchers, "but, yes, we go from bad to worse," in what this implies about the impact of human-caused climate change on the melting of the Greenland ice sheet.

The study, published in the Proceedings of the National Academy of Sciences on August 5th, confirms that Greenland's ice melted and the island greened during a prior warm period likely within the last million years -- suggesting that the giant ice sheet is more fragile than scientists had realized until the last few years.

If the ice covering the center of the island was melted, then most of the rest of it had to be melted too. "And probably for many thousands of years," Bierman said, enough time for soil to form and an ecosystem to take root.

"This new study confirms and extends that a lot of sea-level rise occurred at a time when causes of warming were not especially extreme," said Richard Alley, a leading climate scientist at Penn State who reviewed the new research, "providing a warning of what damages we might cause if we continue to warm the climate."

Sea level today is rising more than an inch each decade. "And it's getting faster and faster," said Bierman. It is likely to be several feet higher by the end of this century, when today's children are grandparents. And if the release of greenhouse gases -- from burning fossil fuels -- is not radically reduced, he said, the near complete melting of Greenland's ice over the next centuries to a few millennia would lead to some 23 feet of sea level rise.




"Look at Boston, New York, Miami, Mumbai or pick your coastal city around the world, and add twenty plus feet of sea level," said Bierman. "It goes underwater. Don't buy a beach house."

Core Assumptions

In 2016, Joerg Schaefer at Columbia University and colleagues tested rock from the bottom of the same 1993 ice core (called GISP2) and published a then-controversial study suggesting that the current Greenland ice sheet could be no more than 1.1 million years old; that there were extended ice-free periods during the Pleistocene (the geological period that began 2.7 million years ago); and that if the ice was melted at the GISP2 site then 90% of the rest of Greenland would be melted also. This was a major step toward overturning the longstanding story that Greenland is an implacable fortress of ice, frozen solid for millions of years.

Then, in 2019, UVM's Paul Bierman and an international team reexamined another ice core, this one extracted at Camp Century near the coast of Greenland in the 1960s. They were stunned to discover twigs, seeds, and insect parts at the bottom of that core -- revealing that the ice there had melted within the last 416,000 years. In other words, the walls of the ice fortress had failed much more recently than had been previously imagined possible.

"Once we made the discovery at Camp Century, we thought, 'Hey, what's at the bottom of GISP2?'" said Bierman, a professor in UVM's Rubenstein School of Environment and Natural Resources and fellow in the Gund Institute for Environment. Though the ice and rock in that core had been studied extensively, "no one's looked at the 3 inches of till to see if it's soil and if it contains plant or insect remains," he said. So he and his colleagues requested a sample from the bottom of the GISP2 core held at the National Science Foundation Ice Core Facility in Lakewood, Colorado.

Now this new study in PNAS, with support from the U.S. National Science Foundation, provides confirmation that the 2016 "fragile Greenland" hypothesis is right. And it deepens the reasons for concern, showing that the island was warm enough, for long enough, that an entire tundra ecosystem, perhaps with stunted trees, established itself where today ice is two miles deep.




"We now have direct evidence that not only was the ice gone, but that plants and insects were living there," said Bierman. "And that's unassailable. You don't have to rely on calculations or models."

From Flowers

The initial discovery that there was intact biological material -- not just gravel and rock -- in the bottom of the ice core was made by geoscientist Andrew Christ who completed his PhD working at UVM and was a post-doctoral associate in Bierman's lab. Then Halley Mastro picked up the case and began to study the material closely.

"It was amazing," she said. Under the microscope, what had looked like no more than specks floating on the surface of the melted core sample, was, in fact, a window into a tundra landscape. Working with Dorothy Peteet, an expert on macrofossils at the Lamont-Doherty Earth Observatory and co-author on the new study, Mastro was able to identify spores from spikemoss, the bud scale of a young willow, the compound eye of an insect, "and then we found Arctic poppy, just one seed of that," she said. "That is a tiny flower that's really good at adapting to the cold."

But not that good. "It lets us know that Greenland's ice melted and there was soil," said Mastro, "because poppies don't grow on top of miles of ice."
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Forecasting climate's impact on a debilitating disease | ScienceDaily
In Brazil, climate and other human-made environmental changes threaten decades-long efforts to fight a widespread and debilitating parasitic disease. Now, a partnership between researchers from Stanford and Brazil is helping to proactively predict these impacts.


						
Schistosomiasis, spread by freshwater snails, affects more than 200 million people in many tropical regions of the world. It can cause stomach pain and irreversible consequences such as enlarged liver and cancer. Public health officials worry that deforestation, rapid urban sprawl, and changing rainfall patterns -- such as Brazil's devastating May floods -- could dramatically shift the locations where the snails, and therefore the parasite, can thrive.

"With climate change, more frequent and intense rains will impact many diseases here, including schistosomiasis," said Roseli Tuan, a senior researcher at the Sao Paulo Secretariat of Health, where she has conducted schistosomiasis surveillance and research in the state of Sao Paulo, Brazil, for more than 30 years. "Understanding these changes is a necessary area of science for the control of the disease in the future."

Tuan and her Brazilian colleagues have been partnering with Stanford disease ecology researchers to develop models that can predict how the disease risk will shift in response to environmental changes. Their findings were recently published in Nature Communications and PLOS Global Public Health.

"For the first time, we have been able to combine tools like long-term snail surveillance records with satellite imagery that tracks agricultural expansion, the growth of urban areas, and climate at fine resolution across entire countries," said Erin Mordecai, an associate professor of biology in the School of Humanities and Sciences and a global health faculty fellow in the Stanford Center for Innovation in Global Health. "With these tools, we can map how the habitat for schistosomiasis-transmitting snails is changing across Brazil with unprecedented precision that helps us understand where schistosomiasis could appear next." Mordecai co-supervised the work with Giulio DeLeo, who is also a global health faculty fellow and a professor of oceans and of Earth system science in the Stanford Doerr School of Sustainability.

The collaboration has helped epidemiologists and researchers update their paradigms about schistosomiasis in Brazil and prioritize public health interventions considering environmental changes, said Tuan, who has studied the genetics and evolution of the snail vector for schistosomiasis for four decades.

While Brazil has the chance to eliminate schistosomiasis in some parts of the country thanks to improved sanitation and living conditions, climate change and economic disparities threaten progress in other areas, she said.




"These analyses have clearly identified, for the first time, rapidly growing informal settlements both in rural areas or at the outskirts of urban centers as the most likely habitat for the snails as well as potential transmission hotspots for schistosomiasis," said De Leo, who is also the principal investigator of the international team supported by the Belmont Collaborative Forum grant. "They open new opportunities for disease surveillance and interventions that can reduce the risk of schistosomiasis transmission."

Harnessing machine learning to predict future disease risk

In 2021, a Belmont Forum/Sao Paulo Research Foundation grant and Stanford Global Health Seed Grant enabled disease ecology experts from Stanford and Brazil to collaboratively build tools to predict the effects of environmental changes on the disease-spreading snails.

At the heart of this effort is a tool called species distribution modeling. It combines machine learning and remotely sensed data -- such as satellite imagery and large-scale climate models -- to identify all the places where a species could live, based on where it has and hasn't been found in the past. The models can then predict how changes in temperature, rainfall, and urbanization will affect the species' distributions in the future.

And yet, when Aly Singleton, a PhD student in Stanford's Emmett Interdisciplinary Program in Environment and Resources, set out to build such a model for snails, she found little information to help her decide which methodology would be best.

"Despite species distribution models becoming increasingly popular tools, there are still a lot of open questions about how to best build the models," Singleton said. "I wanted to create a resource that could inform our team's efforts and also be useful to researchers using these methods around the world."

Singleton's study compared models using different machine learning methods to see which could most accurately forecast how snail species responded to changes in their environment. She used vast datasets with more than 11,000 records of snail location gathered by Brazilian scientists from 1992 to 2019. Singleton looked at how accurately the models predicted where the snails might be given various changes in climate, hydrology, land use, and soil type. She consulted with local experts, like Roseli Tuan, Antonio Miguel Vieira Monteiro of Brazil's National Institute for Space Research in Sau Paulo, Brazil, and Roberta Lima Caldeira of Fiocruz Minas in Minas Gerais, Brazil, who used their first-hand experience to judge the resulting maps' accuracy.




Singleton said that many of the models performed similarly in terms of accuracy and precision, but they produced very different maps of snail distribution. "It was absolutely critical to have the expert knowledge of people who know the area well and have been in this field for many years to be able to comment on which model they think is better and why," she said.

Some models provided much broader estimates of which areas were favorable to the snails, while others were much more stringent and narrow in their predictions of where the snail might be. Both types of models could be useful under different circumstances, Singleton said. For instance, in a region with more limited resources to address schistosomiasis, the more stringent model could help identify areas to prioritize -- those areas where the snail was almost sure to be found. On the other hand, if a country wished to eliminate schistosomiasis, officials might opt to use the broader model that predicted all possible snail habitats.

Tracking 'a moving target'

The next step was applying Singleton's findings about effective species distribution mapping to better understand how climate and land use change impacted the distribution of snails in Brazil.

Singleton's colleague Caroline Glidden, a senior scientist in the Mordecai Lab, led this research while also a fellow with the Stanford Institute for Human-Centered Artificial Intelligence (Stanford HAI). She found that climate-induced changes -- especially in precipitation patterns -- have driven broad shifts in the snails' range over the last 30 years. Urbanization, meanwhile, has driven more localized changes, such as the emergence of new pockets of habitat suitable to snails in areas that experienced significant population growth.

As rainfall patterns shift and Brazil undergoes rapid land-use change, new areas are expected to become favorable to the snails, which thrive in slow-moving freshwater sources, Glidden said. These include drainage ditches and canals, such as those associated with irrigation on small-scale farms.

"The general trend is that environmental changes don't just expand snail habitat -- they shift the location completely, making schistosomiasis a moving target for public health intervention and control," Glidden said. "Without these analyses, it would be very difficult to aim to eliminate schistosomiasis in Brazil."

Tuan said the research will help public health officials identify priority schistosomiasis elimination zones.

Global impact

Singleton hopes their efforts to identify effective species distribution modeling methods will help researchers beyond Brazil to predict vector-borne and environmentally-mediated disease risks.

"These tools are going to become increasingly valuable as we seek to understand how species populations might change with climate and land use change," she said. "I hope this paper can help scientists new to these methods and be the resource I was looking for at the beginning of this project."

Brazilian collaborator organizations critical to this project included Brazil's National Institute for Spatial Research (INPE) and the Rene Rachou Institute, a unit of the Oswaldo Cruz Foundation (FIOCRUZ Minas). Stanford co-authors not already mentioned include: Andrew Chamberlin, life science research professional, and Susanne H. Sokolow, senior research scientist. Additional co-authors are from the Pasteur Insitute -- Sao Paulo Secretariat of Health, the Rene Rachou Institute, a unit of Oswaldo Cruz Foundation (Fiocruz Minas), Brazil's National Institute for Space Research, Harvard University, and Stony Brook University.

De Leo and Mordecai are also senior fellows at Stanford Woods Institute for the Environment, members of Stanford Bio-X, and faculty affiliates of Stanford HAI.

The project was supported by the Belmont Collaborative Forum on Climate, Environment and Health and The Sao Paulo Research Foundation, FAPESP, along with a 2021 Global Health Seed Grant funded by the Woods Institute for the Environment, Bob & Kathy Burke, and Stanford Center for Innovation in Global Health.
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Catching a new (sea) star | ScienceDaily
Researchers in Japan have discovered a new species of sea star (commonly referred to as starfish). The discovery came about thanks to collaborative work among researchers, fishers, and aquarium and museum staff. The starfish, which has been named Paragonaster hoeimaruae, belongs to the family Pseudarchasteridae. It is a distinctive red and beige color, with five arms and spans just over 10 centimeters. The researchers say this discovery shows the importance and benefits of working together to better understand the diversity of our oceans.


						
Did you know that starfish are not really fish? Despite the name, they are more closely related to spiky sea urchins and squishy sea cucumbers. While they may appear docile and floppy stranded on a sandy beach, they are actually important predators which can have up to 50 arms, span a meter and live for decades.

There are about 2,000 known species of starfish. Now, a collaboration among researchers at the University of Tokyo, Enoshima Aquarium, Marine Science Museum, Fukushima Prefecture and the Yamaguchi Prefectural Fisheries Research Center in Japan has led to the discovery of a new species around the country's coast.

The new species belongs to a family of starfish called Pseudarchasteridae. Until now, only four species of Pseudarchasteridae,of two genera (biological ranking, between family and species, for classifying animals), had been seen in Japanese waters.

"We discovered the starfish -- newly named Paragonaster hoeimaruae -- off the coast of the Izu Peninsula in the Sagami Bay, south of Tokyo. We also found another in the Sea of Japan, northwest of Yamaguchi Prefecture in southwestern Japan,"explained lead researcher Itaru Kobayashi from the Misaki Marine Biological Station of the University of Tokyo. "They were caught between 150 meters and 350 meters deep, have a well-proportioned body with five arms, and are a beautiful red on the surface and beige underneath."

The team gathered a variety of species from around Japan between 2021 and 2023. They were collected from shrimp and crab cages used by fishers in Hokkaido and Shizuoka prefectures, in northern and central Japan, respectively, and beam trawl surveys (where a large net is dragged across the ocean floor) conducted by a Yamaguchi prefectural fisheries research ship. The starfish's name hoei was taken from the fishing vessel Hoei-maru, which first collected the specimen.

The team also recorded other starfish in locations different to where they had previously been found. Of particular note was Gephyreaster swifti, a surprisingly large starfish about 30 centimeters in diameter, found off the north coast of Hokkaido. Previously, it had only been recorded across the Pacific west coast of the United States and Canada along to islands in the Bering Sea to the north.

"About 250 species of starfish live around Japan, and we were surprised that one so large as this had been overlooked. Our research highlights how the diversity of species in Japanese waters is still underestimated," said Kobayashi. "These exciting discoveries show how important it is for fishers, aquariums, universities and other research institutions to work together to better understand our oceans and marine biodiversity."
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Preventing Parkinson's disease may lie in seaweed antioxidants | ScienceDaily
Parkinson's disease is a neurodegenerative disease caused by the loss of neurons that produce dopamine, a neurotransmitter involved in motor control and cognitive function. As the global population ages, the number of Parkinson's disease patients is rapidly increasing. Parkinson's disease is induced by neuronal damage due to excessive production of reactive oxygen species.


						
Suppression of reactive oxygen species generation is essential because it is fatal to dopaminergic neurons that manage dopamine neurotransmitters. Currently, only symptomatic treatment is available, so the development of treatment regimens and prevention methods is necessary.

Fortunately, Associate Professor Akiko Kojima-Yuasa of Osaka Metropolitan University's Graduate School of Human Life and Ecology led a research group that has verified the physiological effect of Ecklonia cava polyphenols, seaweed antioxidants, on the prevention of Parkinson's disease.

In this study, two types of motor function tests were conducted using Parkinson's disease model mice that were orally fed the antioxidants daily for one week and then administered rotenone. Results showed that motor function, which was decreased by rotenone, was restored. There was also improvement in intestinal motor function and the colon mucosa structure, a special tissue that covers the colon.

Further, cellular experiments using Parkinson's disease model cells verified the biochemical interaction of the preventive effect of Ecklonia cava. Validation results showed that the antioxidants activate the AMPK enzyme (adenosine monophosphate-activated protein kinase), an intracellular energy sensor, and inhibit the production of reactive oxygen species that cause neuronal cell death.

"This study suggests that Ecklonia cava antioxidants may reduce neuronal damage by AMPK activation and inhibiting intracellular reactive oxygen species production," stated Professor Kojima-Yuasa. "It is hoped that Ecklonia cava will be an effective ingredient in the prevention of Parkinson's disease."
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Put your money where your mouth is to create healthier, greener food systems | ScienceDaily
Public bodies can make or break local initiatives like community gardens, pantries, and food partnerships, and they should use that power for good, say researchers from the University of Surrey.


						
A study of 34 food initiatives in East London reveals how those projects were shaped by their interactions with councils, funders and housing associations.

Professor Sonnino, who is Professor of Sustainable Food Systems at the University of Surrey, said:

"Our study shows that many people want to make their communities healthier through more sustainable food systems. Public bodies control significant budgets that can be used to help or get in the way.

"This is partly because of how much money public bodies can invest in local food systems. To give one example: the Mayor of London has promised to give local Boroughs PS140m for free primary school lunches this year. An investment of that size could make a significant difference by investing in locally sourced, healthy and nutritious food.

"When it comes to healthy, sustainable food, we urge local and national leaders to put their money where their mouths are."

In addition to controlling large budgets for school and hospital food, public bodies are often responsible for grants and permissions that much smaller projects rely on.




Surrey's study found that community cafes and pantries allow volunteers to take back control of retail and hospitality, helping communities come together and share knowledge about food.

In one case, a new community garden was unlocked by grant funding and the council's willingness to release a plot of land.

One participant said:

"It was a very miserable time in my life. But I hobbled to the lift one day, and there was a tiny note: 'Anybody fancy doing guerrilla gardening?' And I thought, yeah, that'll be really lovely...money had been made available through Boris Johnson's scheme for the Olympics. They were just building all these gardens along the route. We took advantage and got a start-up grant."

Dr Marta Lopez Cifuentes, co-author and visiting researcher at the University of Surrey, said:

"From our interviews, it was clear that local authorities are uniquely placed to help food initiatives thrive -- by providing land for a community garden or funding a community fridge. Yet, sometimes, they leave volunteers to find their own solutions.

"Local and national leaders should consider how best to help communities take control of their local food economy."
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Study analyzes potato-pathogen 'arms race' after Irish famine | ScienceDaily
In an examination of the genetic material found in historic potato leaves, North Carolina State University researchers reveal more about the tit-for-tat evolutionary changes occurring in both potato plants and the pathogen that caused the 1840s Irish potato famine.


						
The study used a targeted enrichment sequencing approach to simultaneously examine both the plant's resistance genes and the pathogen's effector genes -- genes that help it infect hosts -- in a first-of-its-kind analysis.

"We use small pieces of historic leaves with the pathogen and other bacteria on them; the DNA is fragmented more than a normal tissue sample," said Allison Coomber, an NC State former graduate student researcher and lead author of the paper. "We use small 80 base-pair chunks like a magnet to fish out similar pieces in this soup of DNA. These magnets are used to find resistance genes from the host and effector genes from the pathogen."

"This is a first for looking at both potato and pathogen changes at the same time; usually researchers look at one or the other," says Jean Ristaino, William Neal Reynolds Distinguished Professor of Plant Pathology at North Carolina State University and corresponding author of a paper in Nature Communications that describes the study. "The dual enrichment strategy employed here allowed us to capture targeted regions of genomes of both sides of the host-pathogen relationship, even when host and pathogen were present in unequal amounts. We couldn't have done this work 15 years ago because the genomes weren't sequenced."

The study's results show that the pathogen, Phytophthora infestans, is very adept at fighting off potato late blight disease resistance. For example, the study shows that the FAM-1 strain of the pathogen had the ability to defeat the resistance provided by the plant's R1 resistance gene -- even before plant breeders deployed it in potato.

"The pathogen would have been able to resist this R1 resistance gene even if it had been deployed years earlier, probably because it was exposed to a potato with that resistance gene in the wild," Coomber said.

The study also shows that many of the pathogen's effector genes have remained stable, although different mutations have occurred to increase its infection prowess as plant breeders attempted to breed resistance -- specifically after 1937 when more structured potato breeding programs commenced in the United States and other parts of the globe.




The study also shows that the pathogen added a set of chromosomes between 1845 and 1954, the period of time in which the study's plant samples were collected.

"We show in this work that after 100 years of human intervention, there are some genes that haven't changed much in the pathogen," Coomber said. "They are very stable potentially because they haven't been selected on, or because they are really important to the pathogen. Targeting those genes would make it really hard for the pathogen to evolve an opposing response."

"It's hard to do effective plant breeding when we don't know enough about the pathogen. Now that we know what effectors have changed over time, breeders may be able use resistance genes that are more stable or pyramid multiple resistance genes from different wild hosts," Ristaino said.

"That's where I see the future for this type of study -- applying it to slow changes in pathogen virulence or other traits such as fungicide resistance."
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Seismic detectors measure soil moisture using traffic noise | ScienceDaily
Caltech researchers have developed a new method to measure soil moisture in the shallow subterranean region between the surface and underground aquifers. This region, called the vadose zone, is crucial for plants and crops to obtain water through their roots. However, measuring how this underground moisture fluctuates over time and between geographical regions has traditionally relied on satellite imaging, which only gives low-resolution averages and cannot penetrate below the surface. Additionally, moisture within the vadose zone changes rapidly -- a thunderstorm can saturate a region that dries out a few days later.


						
The new method relies upon seismic technology that normally measures how the ground shakes during earthquakes. However, it can also detect the vibrations of human activity, like traffic. As these vibrations pass through the ground, they are slowed down by the presence of water -- the more moisture, the slower the vibration moves. The new study measures the water content in the vadose zone through seismic rumblings from everyday traffic.

The research is a collaboration between the laboratories of hydrologist Xiaojing (Ruby) Fu, assistant professor of mechanical and civil engineering; and seismologist Zhongwen Zhan, professor of geophysics. A paper describing the work appears in the journal Nature Communications on August 5.

The new method is based on a technique pioneered in the Zhan lab, called distributed acoustic sensing (DAS). With this technique, lasers are pointed into unused underground fiber-optic cables (like the kind that provides internet). As a seismic wave, or any kind of vibration, passes through the cable, the laser light bends and refracts. Measuring the wiggles in this laser light gives researchers information about the passing wave, making the 10-kilometer cable equivalent to a line of thousands of conventional seismic sensors.

In the wake of the 2019 magnitude 7.2 earthquake in Ridgecrest, California, Zhan set up a DAS array on a nearby cable to measure aftershocks. In collaboration with Fu, the team quickly realized that the array could also be used to measure how everyday underground vibrations change depending on soil water content. Over five years, the team collected data and created models to illustrate how moisture in the vadose zone varies over time. They found that during the historic drought in California from 2019 to 2022, moisture in the vadose zone decreased significantly at a rate of 0.25 meters per year, exceeding the mean average precipitation.

"From the top 20 meters of soil in the Ridgecrest region, we can extrapolate to the entire Mojave desert," says Yan Yang, a graduate student in geophysics and co-first author of the study. "Our rough estimation is that every year, the Mojave vadose zone loses an amount of water equivalent to the Hoover Dam. Over the drought years of 2019 through 2022, the vadose zone has been drier and drier."

The ability to measure vadose zone moisture in real time is crucial for managing water use and conservation efforts. Next, the team intends to deploy the technology in regions other than the desert.

"We know this method works really well for this particular site," Fu says. "Many other interesting regions with the same climate could have different hydrological processes, like central California, where farming operations withdraw water, but the region also receives snowmelt from the Sierra Nevada mountains."

Seismological instruments have never been used to measure soil moisture at such a large scale for such an extended and continuous timespan. The project was made possible through funding and support from Caltech's Resnick Sustainability Institute (RSI).

"This is exactly the type of interdisciplinary, creative science that the Resnick Institute was designed to support, bringing together colleagues that otherwise wouldn't have worked together, and in that collaboration develop new tools that can help measure and manage water availability more sustainably," says Neil Fromer, Executive Director of Programs with the Resnick Sustainability Institute.
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Cracking the code of life: new AI model learns DNA's hidden language | ScienceDaily
DNA contains foundational information needed to sustain life. Understanding how this information is stored and organized has been one of the greatest scientific challenges of the last century. With GROVER, a new large language model trained on human DNA, researchers could now attempt to decode the complex information hidden in our genome. Developed by a team at the Biotechnology Center (BIOTEC) of Dresden University of Technology, GROVER treats human DNA as a text, learning its rules and context to draw functional information about the DNA sequences. This new tool, published in Nature Machine Intelligence, has the potential to transform genomics and accelerate personalized medicine.


						
Since the discovery of the double helix, scientists have sought to understand the information encoded in DNA. 70 years later, it is clear that the information hidden in the DNA is multilayered. Only 1-2 % of the genome consists of genes, the sequences that code for proteins.

"DNA has many functions beyond coding for proteins. Some sequences regulate genes, others serve structural purposes, most sequences serve multiple functions at once. Currently, we don't understand the meaning of most of the DNA. When it comes to understanding the non-coding regions of the DNA, it seems that we have only started to scratch the surface. This is where AI and large language models can help," says Dr. Anna Poetsch, research group leader at the BIOTEC.

DNA as a Language

Large language models, like GPT, have transformed our understanding of language. Trained exclusively on text, the large language models developed the ability to use the language in many contexts.

"DNA is the code of life. Why not treat it like a language?" says Dr. Poetsch. The Poetsch team trained a large language model on a reference human genome. The resulting tool named GROVER, or "Genome Rules Obtained via Extracted Representations," can be used to extract biological meaning from the DNA.

"GROVER learned the rules of DNA. In terms of language, we are talking about grammar, syntax, and semantics. For DNA this means learning the rules governing the sequences, the order of the nucleotides and sequences, and the meaning of the sequences. Like GPT models learning human languages, GROVER has basically learned how to 'speak' DNA," explains Dr. Melissa Sanabria, the researcher behind the project.




The team showed that GROVER can not only accurately predict the following DNA sequences but can also be used to extract contextual information that has biological meaning, e.g., identify gene promoters or protein binding sites on DNA. GROVER also learns processes that are generally considered to be "epigenetic," i.e., regulatory processes that happen on top of the DNA rather than being encoded.

"It is fascinating that by training GROVER with only the DNA sequence, without any annotations of functions, we are actually able to extract information on biological function. To us, it shows that the function, including some of the epigenetic information, is also encoded in the sequence," says Dr. Sanabria.

The DNA Dictionary

"DNA resembles language. It has four letters that build sequences and the sequences carry a meaning. However, unlike a language, DNA has no defined words," says Dr. Poetsch. DNA consists of four letters (A, T, G, and C) and genes, but there are no predefined sequences of different lengths that combine to build genes or other meaningful sequences.

To train GROVER, the team had to first create a DNA dictionary. They used a trick from compression algorithms. "This step is crucial and sets our DNA language model apart from the previous attempts," says Dr. Poetsch.

"We analyzed the whole genome and looked for combinations of letters that occur most often. We started with two letters and went over the DNA, again and again, to build it up to the most common multi-letter combinations. In this way, in about 600 cycles, we have fragmented the DNA into 'words' that let GROVER perform the best when it comes to predicting the next sequence," explains Dr. Sanabria.

The Promise of AI in Genomics

GROVER promises to unlock the different layers of genetic code. DNA holds key information on what makes us human, our disease predispositions, and our responses to treatments.

"We believe that understanding the rules of DNA through a language model is going to help us uncover the depths of biological meaning hidden in the DNA, advancing both genomics and personalized medicine," says Dr. Poetsch.
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Why virus causing cold sores does not spread to devastating brain infection | ScienceDaily
More than half of us are carriers of chronic herpesvirus infections.


						
But even though the herpesvirus can infect our nerve cells, it rarely causes serious infection of the brain. Researchers from Aarhus University have now discovered a key element of the explanation.

The researchers have discovered a previously unknown defence mechanism in the body that is the reason why herpes infection causes a serious and potentially fatal brain inflammation in only one out of 250,000 cases. The study has recently been published in the scientific journal Nature.

"The study has exciting perspectives because it gives us a better understanding of how the brain defends itself against viral infections," says Professor Soren Riis Paludan from the Department of Biomedicine at Aarhus University. He is the article's last author, a Lundbeck Foundation Professor and centre director of the Excellence Centre CiViA.

"We've discovered how our body prevents herpesvirus from entering into the brain, even though 50-80% of us are chronically infected with this particular virus. The idea behind CiViA is that we want to understand how the body fights infections without harming itself at the same time. The mechanism we've found doesn't cause inflammatory reactions," he says.

The answer lies in the protective TMEFF1 gene.

The brain uses a novel mechanism to keep the virus out

Many years of experimenting with the genome-wide CRISPR screening technology and development of mice that lacked the critical gene have finally convinced the researchers that TMEFF1 produces a protein that prevents herpesvirus from entering into nerve cells.




The study in Nature is accompanied by another article describing two patients with brain inflammation caused by herpesvirus infection, called herpes encephalitic. In a collaborative study led by researchers in New York, the research group in Aarhus discovered that two children who developed herpes encephalitis were carrying a genetic defect that disabled the protective TMEFF1 gene.

"The new study is groundbreaking because it updates the basic understanding of immunity against viral infections," explains Soren Riis Paludan.

"This is interesting for immunologists because it illustrates that there are still many immunological mechanisms in the brain that we don't know about. "The study is also relevant for neuroscience because it sheds light on how the brain, so to say, prevents unwanted visitors from intruding without causing harm to the brain itself, i.e. the neuronal cells," he says.

May provide a better understanding of Alzheimer's

Soren Riis Paludan hopes that the study is the first step towards revealing a completely new range of brain defence mechanisms. One of the tracks that the researchers will now investigate is what the discovery may mean for the development of dementia.

Research has already demonstrated a correlation between infection with herpesviruses and later development of Alzheimer's disease.

"Perhaps our discovery of a new antiviral mechanism in the brain can help to clarify whether individual differences in this particular mechanism or similar mechanisms can give the virus access to the brain and accelerate neurodegenerative processes," says Soren Riis Paludan.
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Nature's design marvel: How shark skin's denticles adapt to wide speed | ScienceDaily
New findings on how sharks achieve drag reduction could inspire the design of riblets for more efficient aircraft and boats. In their investigation of great white shark denticles, researchers from Tokyo Tech found that ridge height and spacing play crucial roles in drag reduction at different swimming speeds. Higher middle ridges aid sharks in efficient cruising at slower speeds, while the lower side ridges become more critical for drag reduction during high-speed hunting bursts. The analysis also suggests that the speeds of an extinct giant shark, megalodon, may not much differ from those of the white shark.


						
The great white shark, one of the ocean's most efficient predators, possesses tiny tooth-like structures on its skin called dermal denticles, which perhaps reduce frictional drag as it moves through the water. The drag reduction would help them to be swift hunters, reaching hunting speeds of up to 6.7 m/s, as well as long-distance swimmers, traveling distances of up to 20,000 kilometers efficiently. Engineers have drawn inspiration from these denticles to design riblets or small unidirectional ridges for aircraft and sailboats. However, the denticles across a shark's body vary in shape, size, and spacing, complicating the understanding of how they collectively affect drag reduction.

In a study published in the Journal of the Royal Society Interface, researchers from Tokyo Institute of Technology developed 3D models of white shark denticles. They analyzed the hydrodynamic size of high middle ridges and low side ridges of the denticles in relation to the shark's swimming speeds. The researchers found that these denticles are designed to reduce drag at a wide range of speeds, allowing sharks to gain bursts of speed for hunting and to cruise efficiently over long distances.

"Our calculations suggest that the combination of high and low ridges of the denticles results from adapting to both slow and high swimming speeds, thereby offering robustness to various swimming conditions," says Associate Professor Hiroto Tanaka, the corresponding author of the study.

The researchers collected skin samples from 17 different locations on a white shark (Carcharodon carcharias) specimen, including the snout, dorsal fin, lateral body, ventral body, caudal fin, and both the dorsal and ventral sides of the pectoral fin (Figure 1).

These samples were scanned with a microfocus X-ray CT scanner to create detailed 3D models, which were then analyzed to measure the spacing and height of the ridges. According to the previous fluid dynamic studies of riblets, the ridges of denticles possibly reduce friction drag by lifting turbulent vortices away from the surface of the shark's skin. These vortices are larger and farther from the skin at slower cruising speeds but shrink as the shark swims faster (Figure 2). Therefore, the spacing and height of these ridges are crucial because they determine how effectively the shark interacts with these vortices.

To study these aspects, researchers modeled the shark's body as a flat plate of the same length and defined non-dimensional values for the spacing (s+) of the denticle ridges. These values normalize the physical dimensions of the ridges by the flow characteristics. Non-dimensional parameters were calculated for swimming speeds of 1 m/s, 2 m/s, 5 m/s, and 10 m/s, and compared to a well-studied scalloped riblet similar to shark denticles. The reference riblet is known to reduce friction drag the most at s+ of 17. By comparing this value, researchers could determine how the ridge spacing of shark denticles influences drag reduction across different speeds.

As a result, the researchers found that the s2+ of the higher middle ridges becomes approximately 17 at 2 m/s, which corresponds to the measured migration speed. At hunting speeds of 5 m/s, s1+ of the neighboring high and low ridges becomes approximately 17 indicating the maximum drag reduction effect.

"High ridges likely reduce drag at low swimming speeds, and high-low alternating ridges reduce drag at high swimming speeds, covering the full range of swimming speeds. Our calculation method also can be applied to other sharks including extinct species," says Tanaka. Based on available data from fossils, the swim speeds of a megalodon, an extinct giant shark with similar denticle morphology, are calculated to be 2.7 m/s and 5.9 m/s, respectively. Thus, despite the large body, the megalodon's speed may not much differ from the white shark's. By uncovering how shark denticles work, this study could lead to new riblet designs with high and low ridges in engineering and new analysis methods for the biological study of shark evolution.
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Ultrafine particles linked to over 1,000 deaths per year in Canada's two largest cities | ScienceDaily
A first-of-its kind study conducted in Canada's two largest cities by McGill-led researchers has linked about 1,100 premature deaths per year to an unregulated air pollutant.


						
Ultrafine particles (UFPs) primarily come from vehicle emissions and industrial activities. Canada's federal and provincial governments have not set concentration limits for UFPs, as they have for larger fine particles known as PM2.5.

"Ultrafine particles are incredibly small, allowing them to penetrate deep into the lungs and enter the bloodstream. Increasing evidence suggests these pollutants may contribute to heart and lung diseases, as well as certain forms of cancer," said Principal Investigator Scott Weichenthal, an Associate Professor in McGill's Department of Epidemiology, Biostatistics, and Occupational Health. "However, until now, studies have not examined the impacts of UFPs on mortality in Canada."

High-tech tools detect deadly pollution

The research team tracked air-pollution levels from 2001 to 2016 in neighbourhoods in Montreal and Toronto that were home to 1.5 million adults. Using state-of-the-art models that combine machine learning methods with ground-level measurements, land use information and aerial images, the researchers estimated how many of the tiny particles were in the air at various times. Then, they used statistical methods to calculate the connection between exposure and the risk of death.

The findings, published in the American Journal of Respiratory and Critical Care Medicine, associate long-term exposure to UFPs with a 7.3 per cent increase in the risk of non-accidental death. Respiratory deaths saw the highest increase, at 17.4 per cent, followed by a 9.4 per cent rise in deaths from coronary artery disease.

Weichenthal said the size of particles is important when assessing their health impacts.




"Previous studies that did not take particle size into account might have missed or underestimated the serious health risks associated with them," he added.

A call for clean air

The researchers said environmental regulations have successfully reduced air pollution in North America, but ultrafine particles are slipping through the regulatory cracks. In New York, UFP levels have risen, even as PM2.5 levels dropped.

"Our research shows a clear link between long-term UFP exposures and increased mortality risk, underscoring the urgent need for regulatory actions targeting these particles," said Weichenthal. "As urban areas continue to grow, addressing air pollution is increasingly crucial for the health and well-being of city dwellers."

The study, a collaboration between McGill University, the University of Toronto, Carleton University, the University of Ottawa, Health Canada and Statistics Canada, was funded by the United States Health Effects Institute.
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New model refutes leading theory on how Earth's continents formed | ScienceDaily
The formation of Earth's continents billions of years ago set the stage for life to thrive. But scientists disagree over how those land masses formed and if it was through geological processes we still see today.


						
A recent paper from the University of Illinois Chicago's David Hernandez Uribe in Nature Geoscience adds new information to that debate, poking holes in the leading theory of continent formation. Hernandez Uribe used computer models to study the formation of magmas thought to hold clues to the origin of continents.

Magma is the molten substance that, when it cools, forms rocks and minerals. Hernandez Uribe looked for magmas that match the compositional signature of rare mineral deposits called zircons that date back to the Archaean period of 2.5 to 4 billion years ago, when scientists believed that continents first formed.

Last year, scientists from China and Australia published a paper arguing that Archaean zircons could only be formed by subduction -- when two tectonic plates collide underwater, pushing land mass to the surface. That process still happens today, causing earthquakes and volcanic eruptions and reshaping the coasts of continents.

But Hernandez Uribe, assistant professor of earth and environmental sciences, found that subduction was not necessary to create Archaean zircons. Instead, he found that the minerals could form through high pressure and temperatures associated with the melting of the Earth's thick primordial crust.

"Using my calculations and models, you can get the same signatures for zircons and even provide a better match through the partial melting of the bottom of the crust," Hernandez Uribe said. "So based on these results, we still do not have enough evidence to say which process formed the continents."

The results also raise uncertainty about when plate tectonics started on Earth. If Earth's first continents formed by subduction, that meant that continents started moving between 3.6 to 4 billion years ago -- as little as 500 million years into the planet's existence. But the alternative theory of melting crust forming the first continents means that subduction and tectonics could have started much later.

"Our planet is the only planet in the solar system that has active plate tectonics as we know it," Hernandez Uribe said. "And this relates to the origin of life, because how the first continents moved controlled the weather, it controlled the chemistry of the oceans, and all that is related to life."
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Honey added to yogurt supports probiotic cultures for digestive health | ScienceDaily
If you enjoy a bowl of plain yogurt in the morning, adding a spoonful of honey is a delicious way to sweeten your favorite breakfast food. It also supports the probiotic cultures in the popular fermented dairy product, according to two new studies from the University of Illinois Urbana-Champaign.


						
"We were interested in the culinary pairing of yogurt and honey, which is common in the Mediterranean diet, and how it impacts the gastrointestinal microbiome," said Hannah Holscher, associate professor in the Department of Food Science and Human Nutrition, part of the College of Agricultural, Consumer and Environmental Sciences at Illinois. She is a co-author of the two studies, which are both published in The Journal of Nutrition.

Greek yogurt and other yogurts contain probiotic strains such as Bifidobacterium animalis in addition to conventional yogurt starter cultures. Consumption of certain probiotics can promote digestive health and regular bowel movements, and it can have a positive effect on mood and cognition.

"The enzymes in our mouth, stomach, and intestines help with digestion and facilitate nutrient absorption, but they also reduce the viability of microbes. That's great when it's pathogens but not necessarily when it comes to beneficial bacteria," Holscher said. "We wanted to see if honey could help probiotic bacteria survive in the gut."

In the first study, the researchers conducted a laboratory experiment where they tested the effect of four different kinds of honey (alfalfa, buckwheat, clover, and orange blossom) on the viability of B. animalis in yogurt through simulated digestion processes. They grew microbes in petri dishes with solutions that mimicked the composition of saliva, stomach acid, intestinal bile, and enzymes.

For the saliva and stomach fluids, there were no differences in B. animalis survival between any of the honey varietals and control treatments of yogurt mixed with sugar or water. However, yogurt with honey -- particularly the clover varietal -- helped support the survival of probiotics in the intestinal phase of digestion.

Next, the researchers wanted to test their findings in a clinical study. They recruited 66 healthy adults and asked them to consume two different items for two weeks each -- yogurt with clover honey and pasteurized, heat-treated yogurt. The participants provided stool samples and information about their bowel movements. They also filled out questionnaires and completed tasks evaluating their mood, cognition, and overall well-being.




"Our findings showed that pairing honey with yogurt supported the survival of the yogurt's probiotic bacteria in the gut, so the lab study results did translate to real-world application in humans," Holscher stated.

However, there were no changes in intestinal transit time, bowel movement frequency, or any of the mood and cognition measures. Holscher said this is likely because the participants already were healthy adults with regular bowel movements, so there wasn't a lot of room for improvement.

The researchers also conducted a smaller follow-up study with 36 participants who consumed a third food item, yogurt with sugar. When the researchers compared the results of all three conditions, the combination of yogurt with honey preserved the most probiotics, but there were no effects on the health measures.

"We found that one tablespoon of honey in a serving of yogurt helps support probiotic survival. However, we have to keep in mind that honey is an added sugar, and most Americans need to be cognizant of the amount of sugar in their diet to maintain a healthy body weight," she stated. "But adding a little bit of honey to unsweetened yogurt is a nice culinary pairing to incorporate into your menu rotation."

You can also add toppings to make a yogurt parfait and support gut health and the microbiome by getting more fiber in your diet. For example, you can add berries and seeds, or nuts, and drizzle a bit of honey on top, Holscher suggested.
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Scientists and climate change: Extreme concern and high level of engagement | ScienceDaily
Scientists from across academic disciplines are extremely concerned about climate change. Many of them have already changed their own lifestyles or engaged in advocacy and protest, with even more being willing to do so in future. This is evident from a large-scale survey of scientists from all over the world, conducted by an international research team led by the University of Amsterdam. The researchers not only looked at the views of scientists and the extent to which they are engaged in climate action, but also at how the involvement of scientists with climate change can be increased. The research was published on Monday, 5 August, in the journal Nature Climate Change.


						
'Climate change is an existential threat to humanity,' says postdoctoral researcher Fabian Dablander of the UvA's Institute for Biodiversity and Ecosystem Dynamics and one of the lead authors of the study. 'To secure a liveable future, each of us needs to ask ourselves: how can I best contribute at this crucial moment in human history? Scientists are well placed to help tackle climate change beyond conducting academic research. However, little is known about their wider engagement with the issue. Hence our study, in which we conducted quantitative and qualitative analyses of a survey of over 9,000 researchers from all scientific disciplines, not just climate science.'

Fundamental and personal

Most respondents (83%) in the survey say they are 'quite a bit' or 'a great deal' worried about climate change. The vast majority (91%) of them believe that fundamental changes in social, political and economic systems are needed to truly tackle climate change. Most respondents (84%) also think that significant changes in personal behaviour and lifestyle are needed. Many of them say they have already made significant changes to their lifestyle, by driving less (69%), flying less (51%) and switching to a more plant-based diet (39%).

Willingness to engage

A majority of scientists in the survey believe that climate activist groups can bring about positive change and that scientists should be more engaged in climate advocacy and even protest. A significant proportion of respondents are already engaged in climate advocacy (29%), have participated in legal protest (23%) and/or have even engaged in civil disobedience (10%), and about half say they would be willing to engage in some of these in the future.

Breaking down barriers

Based on the data, Dablander and colleagues then looked at which factors predict scientists' engagement in advocacy and protest. They propose a two-step model of engagement. First, in order for scientists to be willing to engage, they need to overcome mostly intellectual barriers such as a lack of belief in the effectiveness of the actions, lack of identification with activists, lack of knowledge, fear of losing credibility, and fear of repercussions. Second, to actually engage they need to overcome mostly practical barriers such as a perceived lack of skills, lack of time, lack of opportunities, and not knowing any groups involved in climate action.




Based on their two-step model, the researchers propose ways to increase scientists' engagement, such as facilitating interactions between scientists who are already engaged and those who are not, and making institutional reforms, for example by offering more time and money for climate-related actions or rewarding public engagement.

Wake-up call

'Governments and corporations continue to make empty promises that downplay the level of transformation that is required to prevent climate breakdown,' says Adam Aron, professor of psychology at the University of California, San Diego, and a co-author of the study: 'This study makes clear that scientists from all disciplines are very worried and are calling for this fundamental transformation. I hope it helps wake people up and get engaged -- more and more scientists are.'

About the survey

In their study, the researchers sampled the scientific community by sending targeted emails to more than 250,000 academics. The more than 9,000 scientists who ultimately responded to the survey came from 115 countries, all academics disciplines, and all career stages. The researchers acknowledge the possibility that scientists who were already involved in climate change may have been more likely to participate in the survey, which could affect the extent to which the reported percentages are representative of the scientific community as a whole.
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'Laser view' into the avocado: New method reveals cell interior | ScienceDaily
Checking whether an avocado is hard or soft by looking at it? This would require recognizing how the plant cells behave behind the skin. The same applies to all other cells on our planet: Despite more than 100 years of intensive research, many of their properties remain hidden inside the cell. Researchers at the University of Gottingen describe in their recent publication in Nature Materials a new approach that can determine the particularly difficult-to-detect mechanical properties of the cell interior by taking a closer look.


						
Cells are the basic units of all life and their precise understanding is a key factor in the progress made in medicine and biology. Nevertheless, research on them is still challenging because many methods destroy the cell during analysis. Researchers at the University of Gottingen now pursued a new idea: they used the random fluctuating movement that all microscopic particles perform. To do this, they first simulated the expected fluctuations and then checked the predictions using optical laser traps that can precisely control microparticles. Using this approach, the research team was able to analyze the movement of microscopic particles -- with precision in the nanometer range and a time resolution of around 50 microseconds. In addition, the analysis also takes into account the history, i.e. past movements. It turned out that many objects always want to return to a certain place after having moved away randomly. The researchers used this tendency to return to a previous position to define a new quantify, the so-called mean back relaxation (MBR).

This new variable now serves as a kind of fingerprint: it contains information about the causes of the observed movements. This makes it possible for the first time to distinguish active processes from purely temperature-dependent processes (Brownian motion). "With MBR, we can obtain more information from the object movements than is possible with the usual approaches," explains Professor Matthias Kruger from the Institute of Theoretical Physics at the University of Gottingen.

In order to make statements about living cells, the researchers applied the method to the inside of living cells. "As our knowledge of the inside of cells is still limited, it was initially unclear whether the MBR could also be used here. When I saw the resulting curves, I could hardly believe my eyes, because the inside of cells could be described very precisely using the approaches we had originally worked out for much simpler situations ," marvels Professor Timo Betz from the Third Institute of Physics, head of the experiments.

"The results show that the combination of a close look and new, intelligent analysis methods can provide insights into whether the inside of cells is soft, hard or liquid," says first author of the study, Till Munker from the Third Institute of Physics. The work was co-funded by the European Union as part of an ERC Consolidator Grant.
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How the rising earth in Antarctica will impact future sea level rise | ScienceDaily
The rising earth beneath the Antarctic Ice Sheet will likely become a major factor in future sea level rise, a new study suggests.


						
Despite feeling like a stationary mass, most solid ground is undergoing a process of deformation, sinking and rising in response to many environmental factors. In Antarctica, melting glacial ice means less weight on the bedrock below, allowing it to rise. How the rising earth interacts with the overlying ice sheet to affect sea level rise is not well-studied, said Terry Wilson, co-author of the study and a senior research scientist at the Byrd Polar and Climate Research Center at The Ohio State University.

In the new study, Wilson's colleagues at McGill University developed a model to predict how these interactions could impact global sea level, finding that if humans can lower greenhouse gas emissions and global warming is slowed, upward shifts in the solid earth could reduce Antarctica's contribution to sea level rise by about 40%, significantly bolstering the best case scenarios for global sea level rise. In this low-emissions scenario, land uplift slows the flow of ice from land to ocean, allowing for more of the ice sheet to be preserved.

Conversely, if humans are unable to lower carbon emissions in time, ice retreat will outpace uplift, pushing ocean water away from Antarctica and amplifying sea level rise. These events could significantly worsen the most dire models of projected sea level rise along populated coastlines, said Wilson.

"Our measurements show that the solid earth that forms the base of the Antarctic ice sheet is changing shape surprisingly quickly," said Wilson. "The land uplift from reduced ice on the surface is happening in decades, rather than over thousands of years."

The study was published today in Science Advances. 

To arrive at these conclusions, the team developed a 3D model of the Earth's interior using geophysical field measurements from the Antarctic Network (ANET) of the Polar Earth Observing Network (POLENET) project. The mission is focused on studying the changing polar regions by collecting GPS and seismic data from an array of autonomous systems across Antarctica.




Researchers then performed a number of simulations to capture many possible evolutions of Antarctica's ice sheet and the extent of global sea level rise Earth may experience until the year 2500, according to those parameters.

"We can project what difference it actually will make if we all contribute to a low-emission scenario now, versus what's come to be called 'business as usual' emissions," said Wilson, who is also the lead investigator of the ANET-POLENET project.

She attributes the model's unprecedented level of detail to how deftly it incorporates data from Antarctica. GPS stations monitor how the land is moving and seismometers measure how fast seismic waves from earthquakes travel through the earth, yielding important insight into where the land uplift will be fast or slow.

Surprisingly, according to some of the team's GPS observations processed by researchers at Ohio State, Wilson said, the Antarctic Ice Sheet is currently experiencing a solid earth uplift of about 5 centimeters per year, about 5 times the rate that North America experiences.

Another significant aspect of the study is how the changes in Antarctica under different carbon emissions scenarios will impact coastlines around the world. Because sea level change will not be uniform, the study notes that nearly 700 million people around the world living in coastal regions will be most impacted by rising seas due to Antarctic ice loss.

Since some regions, such as small island nations, will be more vulnerable than others, mitigating environmental conditions like atmospheric and ocean warming is a vital issue for society, said Wilson.




"Many people are now more aware they're experiencing the effects of climate change," she said. "This work reinforces that our actions as individuals, nations and globally can make a difference in what kind of Earth our offspring will experience in their lifetimes."

The study results highlight how complex the relationship between the solid earth and the processes that happen atop it is, as well as the importance of continuing to gather enough data to make prompt and accurate predictions about what the next few centuries of our planet will look like.

"There's a lot of uncertainty in every model and every prediction that you make," said Wilson. "But to document how fast our world is changing, it's very important to continue advancing our ability to make predictions that are more certain, which is the only path that will allow us to tend to our future in a meaningful way."

Wilson completed the study with colleagues from McGill University, Pennsylvania State University, the University of Massachusetts Amherst, Columbia University, Washington University, Colorado State University and the Union of Concerned Scientists. This study was supported by the U.S National Science Foundation and the Natural Sciences and Engineering Research Council of Canada.
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A blueprint for building the future: Eco-friendly 3D concrete printing | ScienceDaily
A research team led by engineers at the University of Virginia School of Engineering and Applied Science is the first to explore how an emerging plant-based material, cellulose nanofibrils, could amplify the benefits of 3D-printed concrete technology.


						
"The improvements we saw on both printability and mechanical measures suggest that incorporating cellulose nanofibrils in commercial printable materials could lead to more resilient and eco-friendly construction practices sooner rather than later," said Osman E. Ozbulut, a professor in the Department of Civil and Environmental Engineering.

His team's findings will be published in the September 2024 issue of Cement and Concrete Composites.

Buildings made of 3D-printed concrete are an exciting trend in housing, and they offer a slew of benefits: Quick, precise construction, possibly from recycled materials, reduced labor costs and less waste, all while enabling intricate designs that traditional builders would struggle to deliver.

The process uses a specialized printer that dispenses a cement-like mixture in layers to build the structure using computer-aided design software. But so far, printable material options are limited and questions about their sustainability and durability remain.

"We're dealing with contradictory objectives," Ozbulut said. "The mixture has to flow well for smooth fabrication, but harden into a stable material with critical properties, such as good mechanical strength, interlayer bonding and low thermal conductivity."

Cellulose nanofibrils are made from wood pulp, creating a material that's renewable and low impact. Like other plant-fiber derivatives, CNF, as the material is known in industry, shows strong potential as an additive to improve the rheology -- the scientific term for flow properties -- and mechanical strength of these composites.




However, until the UVA-led team's meticulous study in Ozbulut's Resilient and Advanced Infrastructure Lab, the influence of CNF on conventional 3D-printed composites wasn't clear, Ozbulut said.

"Today, a lot of trial and error goes into designing mixtures," he said. "We're addressing the need for more good science to better understand the effects of different additives to improve the performance of 3D-printed structures."

Experimenting with varying amounts of CNF additive, the team, led by Ozbulut and Ugur Kilic, now a Ph.D. alumnus of UVA, found that adding at least 0.3% CNF significantly improved flow performance. Microscopic analysis of the hardened samples revealed better material bonding and structural integrity.

In further testing in Ozbulut's lab, CNF-enhanced 3D-printed components also stood up to pulling, bending and compression.
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Link between global warming and rising sea levels | ScienceDaily
A McGill-led study suggests that Earth's natural forces could substantially reduce Antarctica's impact on rising sea levels, but only if carbon emissions are swiftly reduced in the coming decades. By the same token, if emissions continue on the current trajectory, Antarctic ice loss could lead to more future sea level rise than previously thought.


						
The finding is significant because the Antarctic Ice Sheet is the largest ice mass on Earth, and the biggest uncertainty in predicting future sea levels is how this ice will respond to climate change.

"With nearly 700 million people living in coastal areas and the potential cost of sea-level rise reaching trillions of dollars by the end of the century, understanding the domino effect of Antarctic ice melt is crucial," said lead author Natalya Gomez, an Associate Professor in McGill's Department of Earth and Planetary Sciences and Canada Research Chair in Ice sheet -- Sea level interactions.

The study focuses on how the ice sheet interacts with the earth beneath, and how that dynamic is influenced by carbon-emission levels. This relationship has not been thoroughly explored in previous studies, the researchers said.

"Our findings show that while some sea level rise is inevitable, swift and substantive action to lower emissions could prevent some of the most destructive impacts of climate change, particularly for coastal communities," Gomez said.

Rising seas and nature's double-edged sword 

As ice melts, its weight decreases, causing the land beneath it to rise like an expanding sponge. The researchers say this process, called post-glacial uplift, can be a double-edged sword.




If emissions drop quickly, limiting global warming, post-glacial uplift can act as a natural brake on ice-mass loss. It lifts the ice up, slowing the flow of ice from land to ocean. The study found this dynamic can reduce Antarctica's contribution to sea- level rise by up to 40 per cent.

However, if carbon outputs keep pace and the planet heats up quickly, the rebounding land will not be enough to slow the rapidly melting ice, and instead pushes more ocean water away from Antarctica, accelerating sea-level rise along populated coastlines.

To reach their findings, Gomez and collaborating scholars from Canada and the United States developed a 3-D model of Earth's interior. Their model used geophysical field measurements from the U.S. ANET-POLENET project, which had pioneered large-scale deployments of sensitive instruments to record the bedrock uplift and seismic signals across large expanses of Antarctica. These extensive field measurements were essential for characterizing the three-dimensional variations of the Antarctic mantle incorporated in the study.

"Our 3-D model peels back Earth's layers like an onion, revealing dramatic variations in thickness and consistency of the mantle below. This knowledge helps us better predict how different areas will respond to melting," said co-author Maryam Yousefi, a geodesist at Natural Resources Canada and previously a Postdoctoral Fellow at McGill and Penn State universities.

It's the first model to capture the relationship between Antarctica's ice and underlying earth in such detail, she added.

Notes Rob DeConto, a co-author and glaciologist at the University of Massachusetts, "This study marks a breakthrough in our ability to better predict the impacts of climate change on rising seas and to inform effective environmental policy."

Global impacts

The findings, published in Science Advances, highlight the inequalities of climate change, the scholars noted. Island nations, which contribute the least to global emissions, are likely to bear the brunt of their consequences, they said.

The study is a collaboration between researchers at McGill, Pennsylvania State, Cambridge, Columbia, Colorado State, Ohio State, the University of Massachusetts Amherst, the University of Washington and the Union of Concerned Scientists. It was funded by the Canadian Natural Sciences and Engineering Research Council, the U.S. National Science Foundation and the Canada Research Chairs program.
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Most existing heat wave indices fail to capture heat wave severity | ScienceDaily
Even though climate change is bringing more frequent and severe heat waves, there is no standard, global way to measure heat-wave severity, and existing indices have different thresholds for defining dangerous heat-stress conditions. Researchers report August 7 in the journal Nexus that five out of six existing heat-wave indices were unable to capture the severity and spatial distribution of recent lethal heat waves in India, Spain, and the USA. The sixth index -- the lethal heat-stress index -- was better able to identify dangerous heat-stress conditions, particularly in low-humidity regions.


						
"We found that some existing indices may not be appropriate to all geographical regions and climate conditions," says senior author and geospatial expert Qihao Weng (@Qihao_Weng) of the Hong Kong Polytechnic University. "It's important that scientific communities, public health circles, and policy makers come together and reconsider the existing indices."

Currently, countries around the world have different ways of measuring and defining heat waves, but it's not clear which of these methods is most effective or how their performance is impacted by background climatic conditions. Some of these metrics are based purely on the maximum air temperature while others include factors such as radiation, wind, and, crucially, humidity.

"Even in relatively low-temperature conditions, if the humidity is high, it can still be dangerous for people with health problems," says Weng. "In humid conditions, even 28degC, wet-bulb conditions can lead to severe strain and heat stroke."

To compare the effectiveness of existing heat-wave indices under different conditions, the researchers applied six existing indices to climate data from heat waves that occurred in Spain and the United States in 2022 and in India in 2023. In all cases, they found that one method -- the lethal heat-stress index -- outperformed the others. Compared to the other indices, the lethal heat-stress index could differentiate between areas that were or were not impacted by extreme heat stress and could pinpoint on which days these dangerous heat conditions occurred.

The lethal heat-stress index is a temperature- and humidity-based metric for identifying conditions that are likely to lead to human death (in contrast to other indices that use endpoints such as "extreme danger" and "heat stroke imminent"). Though most of the other indices also include humidity in their calculations in some way, the way that they do this differs.

"The lethal heat stress index applies a correction factor to relative humidity, which means that it is better at predicting dangerous heat conditions in regions which have very low humid conditions compared to the other indices," says first author Pir Mohammad, an earth scientist at Hong Kong Polytechnic University.




The researchers emphasize that heat waves are experienced differently by different people, even within the same region, because of factors including age, pre-existing health conditions, and socioeconomic status, which is associated with access to adequate cooling and the privilege of not working outdoors during hot conditions.

Though they identified the lethal heat-stress index as the best current option, the researchers say that this index could still be improved with more research. They also note that while their study focuses on outdoor air temperatures, more heat-related mortalities occur indoors than outdoors, and future research should also address indoor conditions during heat waves and examine how they are impacted by things such as building age and materials.

Ultimately, they hope their findings will help scientists develop a universal definition of the threshold for dangerous heat conditions.

"We need to deploy a global framework that considers temperature, humidity, and other factors like socioeconomic status and age so that we can mitigate dangerous heat-wave conditions," says Mohammad. "The UK government recently redefined their limiting criteria for heat waves, and it might be a good time for other countries to also think about how we can define heat waves more effectively."

This research was supported by the Hong Kong SAR Government, the Research Talent Hub of the Innovation and Technology Fund of Hong Kong, and the Hong Kong Polytechnic University.
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New York City's fireworks display prompts temporary surge of air pollution | ScienceDaily
In 2023, roughly 60,000 firework shells exploded above Manhattan's East River as part of Macy's Fourth of July show. The resulting air pollutant levels were many times higher in the hours after the display than those seen when smoke from a Canadian wildfire had blanketed the area a month before.


						
This is according to the results of a new study, led by researchers at NYU Langone Health, which measured air quality just before and after the Independence Day event, one of the largest in the United States. Tiny particles of hazardous metals and organic compounds peaked at 3,000 micrograms per cubic meter at an air sampling site near the show and topped 1,000 micrograms per cubic meter at two other nearby locations. By comparison, New York City's average daily fine-particle concentration is 15 micrograms per cubic meter and reached 460 micrograms per cubic meter from the wildfire smoke in June 2023.

The team also found that air quality took several hours to return to baseline levels for most sampling sites, with those closest to the display, such as in Midtown Manhattan, taking as long as 12 hours.

In addition to fine-particle air pollutant increases, water samples collected from the East River had more than double the levels of metals sometimes used to give fireworks their vibrant colors, such as lead, nickel, and antimony, than before the celebration. Notably, the researchers had shown in earlier experiments using rodents and human tissue that lung exposure to such emissions can lead to oxidation, a chemical process in the body that may damage or even kill cells if left unchecked.

"Our findings suggest that major firework displays can create a temporary spike in air pollution that may pose a health risk to both humans and the environment," said study lead author Terry Gordon, PhD, a professor in the Department of Medicine at NYU Grossman School of Medicine.

In a 2020 study by the same team, the authors analyzed 14 years' worth of air quality samples taken at dozens of sites across the United States by the Environmental Protection Agency (EPA). They found that levels of toxic metals were higher in samples collected around Independence Day and New Year's Eve than at any other time of the year. Past research from other experts has also assessed pollution from firework displays in other countries and has connected such exposure to lung problems such as asthma, pneumonia, and chronic obstructive pulmonary disease, says Gordon. Gordon is also a member of the department's Center for the Investigation of Environmental Hazards and the Division of Environmental Medicine.

The new study, publishing online Aug. 6 in the Journal of Exposure Science & Environmental Epidemiology, takes a more comprehensive look at how firework pollution travels and lingers after the initial event, the authors say.




For the research, the team collected air quality samples using real-time monitors at four residential sites along the East River near the display launch site in Manhattan and in Long Island City in Queens. To confirm the monitors' findings, the investigators analyzed hourly air-quality data from both EPA monitors within a 6-mile radius of the show's launch sites and a network of low-cost particle monitors set up less than a mile away.

Assessing data from EPA monitoring sites in other major cities, the team also documented increases in pollutant levels in Boston, Philadelphia, and Washington, DC, which like New York, showed elevated pollutant levels that lasted between three and 12 hours before returning to baseline.

"While these findings may seem alarming, firework shows can still be enjoyed," said study senior author Antonio Saporito, BA, a doctoral student at NYU Grossman School of Medicine. "Wearing an N-95 or KN95 mask is a good way to avoid inhaling smoke when standing near a display, especially for children and for those with preexisting heart and lung problems."

Saporito says that the 24-hour average of airborne particles estimated in the study was 25 micrograms per cubic meter, which falls within the EPA's health guidelines, although it does surpass those set by the World Health Organization. He adds that the authors did not take into account local, unregulated firework exhibitions that could have also contributed to environmental pollution.

Next, the team plans to repeat their investigation by analyzing data collected during Macy's 2024 Fourth of July celebration, which was launched over the Hudson River on Manhattan's West Side, and examine potential health effects tied to such events.

Study funding was provided by NYU Langone.

In addition to Gordon and Saporito, other NYU Langone investigators involved in the study are David Luglio, PhD; Beck Kim, BS; Tri Huynh, BS; Rahanna Khan, MS; Amna Raja, MS; Kristin Terez, MS; Nicole Camacho-Rivera, MS; Rachel Gordon, BA; Julie Gardella, BA; Maria Katsigeorgis, MS; Rodney Graham, BA; Thomas Kluz, BS; and Max Costa, PhD.
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People's moral values change with the seasons | ScienceDaily
A new UBC study has revealed regular seasonal shifts in people's moral values.


						
The finding has potential implications for politics, law and health -- including the timing of elections and court cases, as well as public response to a health crisis.

The research published this week in Proceedings of the National Academy of Sciences (PNAS) analyzed survey responses from more than 230,000 people in the U.S. over 10 years and revealed that people's embrace of certain moral values fluctuates depending on the time of year. The seasonal patterns also emerged in smaller data samples from Canada and Australia.

"People's endorsement of moral values that promote group cohesion and conformity is stronger in the spring and fall than it is in the summer and winter," said Ian Hohm, the study's first author and a doctoral student in UBC's psychology department. "Moral values are a fundamental part of how people make decisions and form judgments, so we think this finding might just be the tip of the iceberg in that it has implications for all sorts of other downstream effects."

Since 2009, a website established by social psychology researchers has been collecting survey data that measures participants' endorsement of five moral values:
    	Loyalty: Valuing devotion to one's group and maintaining strong group bonds.
    	Authority: Respecting and following leadership and established rules.
    	Purity: Emphasizing cleanliness, sanctity and upholding tradition.
    	Care: Prioritizing kindness and preventing harm to others.
    	Fairness: Ensuring equal treatment for everyone.

Loyalty, authority and purity are referred to by researchers as "binding" values because they encourage conformity to group norms. They also align closely with modern political conservatism. Care and fairness may be considered more liberal values, with their focus on individual rights and welfare. All have been shown by research to guide people's judgments about right and wrong.

The researchers found that respondents endorsed the "binding" values more strongly in spring and fall, but not as much in summer and winter -- a pattern that was remarkably consistent over 10 years.




They also found evidence that the summer decrease in endorsement of binding moral values was more pronounced in areas with more extreme seasonal climate differences.

Anxiety a possible explanation

The study observed a potential link between these seasonal moral shifts and levels of anxiety, using large-scale data on seasonal anxiety provided by Dr. Brian O'Shea, a co-author of the paper and assistant professor of psychology at the University of Nottingham.

"We noticed that anxiety levels peak in the spring and autumn, which coincides with the periods when people endorse binding values more strongly," said Dr. Mark Schaller, the study's senior author and a professor of psychology at UBC. "This correlation suggests that higher anxiety may drive people to seek comfort in the group norms and traditions upheld by binding values."

Implications for politics, law, health, social relations

The findings have wide-reaching implications, with potential examples including:
    	Elections: The timing of elections could have an impact on outcomes, as shifts in moral values influence political opinions and behaviours.
    	Legal judgments: The timing of trials and legal decisions could be influenced by seasonal variations in moral values, because those who endorse "binding" values tend to be more punitive of those who commit crimes and violate social norms.
    	Disease response: During the COVID-19 pandemic, the extent to which people followed social distancing guidelines and were vaccinated was influenced by their moral values. Knowing these values change with the seasons could help tailor more effective health campaigns.
    	Intergroup prejudice: Seasonal changes in moral values might affect how people view outsiders or those who don't conform to group norms.

The research team plans to delve deeper into the connections between anxiety and moral values and to investigate how these seasonal patterns influence prejudices and legal judgments.
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A new way of thinking about the economy could help protect the Amazon, and help its people thrive | ScienceDaily
To protect the Amazon and support the wellbeing of its people, its economy needs to shift from environmentally harmful production to a model built around the diversity of indigenous and rural communities, and standing forests.


						
A group of conservationists from Bolivia, Brazil, Peru, Ecuador, the US and the UK say that current conservation and development efforts will never sustain or scale without systemic changes in how economies are designed.

Despite extensive destruction of the Amazon in the name of economic development, Amazonian communities have seen little improvement in income, life expectancy, and education. The researchers have proposed a new model and associated policy changes that could create fair and sustainable futures for the Amazon and its people by improving infrastructure, supply chains, and social organisations.

Their results, reported in the journal Nature Ecology and Evolution, are focused on the Amazon, however the researchers say similar economic models could be implemented around the world if the political will exists.

The Amazon basin is home to the world's largest tropical rainforest, representing over half of the world's remaining rainforest, and stores vast amounts of carbon. However, decades of large-scale deforestation, as well as the increased risk of fires and floods due to climate change, has put much of the Amazon rainforest under threat. In addition to what the loss of the Amazon would mean for global carbon emissions, the rainforest is also home to many indigenous peoples and thousands of species of plants and animals.

"We need a different vision for the Amazon if we're going to protect it," said lead author Professor Rachael Garrett from the University of Cambridge's Department of Geography and the Conservation Research Institute. "Half a century of deforestation and exploitation of the Amazon has not resulted in widespread development, and now the economic value of deforested areas is threatened, not to mention the threats to the global climate and water security."

Working with colleagues from the Amazonian region, Garrett has proposed building on the success of indigenous and traditional communities to develop new economies, which could protect much of the Amazon while also improving the livelihoods, health, and food security of the many people who live there. These economic models are known as socio-bioeconomies, or SBEs.




"Conventional economic models can result in short-term gains, but over the longer term, the people and resources of the Amazon basin have been exploited by powerful interests, while there has been an underinvestment in education, innovation, and sustainable infrastructure," said Garrett. "The conventional economic model is simply not sustainable."

The SBE model is focused on using and restoring Amazonian and other ecosystems sustainably, and supporting indigenous and rural communities. An SBE economy might include eco-friendly tourism, or the sustainable harvest and processing of plant products into valuable foods, beverages, clothing, and medicines.

"A limited range of interests are controlling the development agenda in most countries," said Garrett. "The only way we can change that is improving the rights and representation of the people who are not benefiting from the systems and are being harmed by ongoing environmental destruction. We believe it is possible to have win-wins for humanity and conservation, but not if we continue to consume products that have a massively negative impact. SBEs can help put these win-wins into policy and practice."

Garrett cites the footwear brand Veja as an example of such a win-win. The French company buys the rubber for its sneakers from small-scale Amazonian rubber farmers, and purchases 100% of the responsibly harvested native rubber in Brazil. As part of its sustainability efforts, the company focuses on building communities of small-scale farmers and has been financially successful without traditional advertising.

Garrett and her collaborators are calling for massive increases in social mobilisation, technology and infrastructure to support SBEs. Under an SBE model, governmental subsidies would be redirected away from agribusiness and toward smaller-scale sustainable development. The researchers also outline how to build connections between rural and urban policies in SBEs. An example is the establishment of public procurement programmes where healthy and sustainably produced foods are purchased directly from indigenous and small farming communities and served in school lunch programmes and hospitals, instead of supporting large-scale agribusiness engaged in degrading practices.

Other policy changes that could support an SBE model include redirecting finance to conservation and restoration activities, supporting community enterprises, and ensuring participatory processes to ensure inclusive, long-term benefits.

"It's possible to have an economy that is strong and works for everyone when we dare to develop new models and visions that recognise the interconnectedness of people and nature," said Garrett. "By popularising these ideas, investing in people and businesses who are making a difference, and supporting research into SBE innovation we can support a transformation in both conservation and development in the Amazon.

"The SBE model could help protect the Amazon and its people while avoiding climate and biodiversity disasters, but there needs to be the political will to make it happen."

Rachael Garrett is the incoming director of the University of Cambridge Conservation Research Institute and a Fellow of Homerton College, Cambridge. She is a council member of the Cambridge Conservation Initiative and serves on the UN Science Panel for the Amazon.
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An overlooked side-effect of the housing crisis may be putting Californians at increased risk from climate disasters | ScienceDaily

Since the 1990s, California has led the nation in the growth of Wildland-Urban Interface (WUI) development, with more than one in three households in the state now located immediately next to or within natural areas. This proximity to wildlands puts WUI residents at higher-risk for climate-related natural disasters like fires, floods, and landslides. Extensive WUI development also makes wildfires more likely, while negatively impacting wildlife habitat and resulting in longer commutes, which increases greenhouse gas emissions.

Despite growing recognition of the serious hazards and massive scale of WUI development, the causes of this type of growth are still not well understood. UC Santa Cruz Sociology Professor Miriam Greenberg, lead author of the new article, believes that incorporating new perspectives and methods from the social sciences will help to change that.

"In the past, most approaches to studying the WUI have been from a natural systems perspective," she said. "But our research aims to demonstrate that you can't extricate these environmental and ecological dynamics from urban and housing dynamics -- it's all interconnected. So we're really excited to be doing primary research that will help us understand, for the first time, the drivers, demographics, and related dynamics of WUI growth, taking the broader context of the housing crisis into consideration."

Greenberg added that California has the unfortunate distinction of facing both the most extreme housing crisis in the United States and a rate and scale of WUI growth that is unequaled elsewhere in the country. That makes the state a particularly important laboratory for studying these issues and the potential relationships between them.

For the upcoming research, which is currently in progress, the team is using a mixed-methods approach that will include surveys and ethnographic interviews and will integrate census data with WUI mapping and ecology data. Another aspect of the study, which was not a focus of the recent article, will explore Indigenous land stewardship, habitat restoration, and prescribed burning in the context of WUI growth. The research will be conducted along California's Central Coast, one of the most unaffordable housing markets in the U.S.

The project will involve a wide range of community partners and faculty and staff across UC Santa Cruz and San Jose State, including Associate Professor of Sociology Hillary Angelo and Environmental Studies Professor Chris Wilmers, who are coauthors of the current article alongside Greenberg and UCSC Sociology graduate student Elena Losada.




The paper shares three main predictions for trends that the research team thinks they will find in the WUI. First, they believe there has been a major shift in what motivates people to move to WUI areas. While people may have historically chosen to live in the WUI because of generational ties to an area or a desire to be closer to nature, the researchers believe that housing affordability has become a main driver of increased migration to the WUI since the 1990s, as a growing number of Californians have been priced out of urban areas due to the state's worsening housing crisis.

The demographics of this may play out differently in different types of WUI areas, which themselves are shaped by a combination of political, economic, and environmental factors. For example, WUI "interface" development that sprawls out from urban areas to the edges of wild areas is likely to be filled primarily with middle-income commuters, the researchers suspect. Meanwhile, they expect that more remote development within wildland areas -- called WUI "intermix" development -- will have particularly stark inequality, featuring a combination of estates for the wealthy, modest older homes, and informal, off-the-grid living, including in trailers and vehicles.

The paper argues that the rise of affordability-driven migration has likely resulted in overall growth of inequality in the WUI, and this has exacerbated the impact of environmental disasters fueled by climate change. While all residents of these communities face the same risks, differences in wealth, time availability, and knowledge of the local landscapes mean that households have very different abilities to prepare for and recover from disasters, researchers believe. As a result, newer and lower-income residents who move to the WUI primarily for affordability reasons may end up suffering disproportionately when disaster strikes.

Overall, the paper's authors anticipate that their findings will demonstrate the need to treat the affordable housing crisis as not only a major social issue but also a significant sustainability problem that must be addressed in order to protect communities from climate change.

Tackling that challenge will require integrating planning and policy for housing and climate change at the local, state, and federal levels, as well as routinely bringing the social sciences and natural sciences together for research on these issues, the paper says. Ultimately, the research team argues that affordable housing production and preservation and protection of tenants in urban areas are crucial actions that shape sustainability, both within cities and far beyond.

"We really need to expand the frontiers of how we think about urban sustainability, because it doesn't just end at city boundaries," said the paper's coauthor, Associate Professor of Sociology Hillary Angelo. "Without enough affordable urban housing, people are being pushed to riskier areas outside of cities, and that makes cities unjust while also having terrible social and environmental impacts elsewhere. Understanding these interconnections is key to true sustainability."
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Study analyzes potato-pathogen 'arms race' after Irish famine | ScienceDaily
In an examination of the genetic material found in historic potato leaves, North Carolina State University researchers reveal more about the tit-for-tat evolutionary changes occurring in both potato plants and the pathogen that caused the 1840s Irish potato famine.


						
The study used a targeted enrichment sequencing approach to simultaneously examine both the plant's resistance genes and the pathogen's effector genes -- genes that help it infect hosts -- in a first-of-its-kind analysis.

"We use small pieces of historic leaves with the pathogen and other bacteria on them; the DNA is fragmented more than a normal tissue sample," said Allison Coomber, an NC State former graduate student researcher and lead author of the paper. "We use small 80 base-pair chunks like a magnet to fish out similar pieces in this soup of DNA. These magnets are used to find resistance genes from the host and effector genes from the pathogen."

"This is a first for looking at both potato and pathogen changes at the same time; usually researchers look at one or the other," says Jean Ristaino, William Neal Reynolds Distinguished Professor of Plant Pathology at North Carolina State University and corresponding author of a paper in Nature Communications that describes the study. "The dual enrichment strategy employed here allowed us to capture targeted regions of genomes of both sides of the host-pathogen relationship, even when host and pathogen were present in unequal amounts. We couldn't have done this work 15 years ago because the genomes weren't sequenced."

The study's results show that the pathogen, Phytophthora infestans, is very adept at fighting off potato late blight disease resistance. For example, the study shows that the FAM-1 strain of the pathogen had the ability to defeat the resistance provided by the plant's R1 resistance gene -- even before plant breeders deployed it in potato.

"The pathogen would have been able to resist this R1 resistance gene even if it had been deployed years earlier, probably because it was exposed to a potato with that resistance gene in the wild," Coomber said.

The study also shows that many of the pathogen's effector genes have remained stable, although different mutations have occurred to increase its infection prowess as plant breeders attempted to breed resistance -- specifically after 1937 when more structured potato breeding programs commenced in the United States and other parts of the globe.




The study also shows that the pathogen added a set of chromosomes between 1845 and 1954, the period of time in which the study's plant samples were collected.

"We show in this work that after 100 years of human intervention, there are some genes that haven't changed much in the pathogen," Coomber said. "They are very stable potentially because they haven't been selected on, or because they are really important to the pathogen. Targeting those genes would make it really hard for the pathogen to evolve an opposing response."

"It's hard to do effective plant breeding when we don't know enough about the pathogen. Now that we know what effectors have changed over time, breeders may be able use resistance genes that are more stable or pyramid multiple resistance genes from different wild hosts," Ristaino said.

"That's where I see the future for this type of study -- applying it to slow changes in pathogen virulence or other traits such as fungicide resistance."
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Natural bacteria compound offers safe skin lightening | ScienceDaily
Melanin protects the skin -- the body's largest organ and a vital component of the immune system -- from the damaging effects of ultraviolet (UV) radiation. When the skin is exposed to UV radiation, melanin production is stimulated in melanocytes, with tyrosinase playing a key role in the biosynthetic pathway. However, disruptions in this pathway caused by UV exposure or aging can lead to excess melanin accumulation, resulting in hyperpigmentation. To address this, tyrosinase inhibitors that suppress melanin synthesis have become valuable in the cosmetic industry. Unfortunately, some of these compounds, such as hydroquinone, have been found to be toxic to human skin, causing issues like vitiligo-like symptoms and rashes. Consequently, hydroquinone is no longer recommended for use.


						
The increasing demand for safer alternatives has sparked a race to discover tyrosinase inhibitors from microbes that produce compounds with low toxicity. Recently, researchers at Tokyo University of Science (TUS) identified a promising tyrosinase inhibitor from Corynebacterium tuberculostearicum (C. tuberculostearicum), a bacterium commonly found on human skin. The study, led by Assistant Professor Yuuki Furuyama from the Department of Applied Bioscience at TUS, was published in the International Journal of Molecular Sciences on July 4, 2024. Co-authors Ms. Yuika Sekino and Prof. Kouji Kuramochi, also from TUS, contributed to the findings. Dr. Furuyama elaborated on their approach: "Bacteria that reside on our skin and evade immune responses often become commensals, neither benefiting nor harming us. We chose to investigate metabolites produced by these commensal bacteria for their potential as tyrosinase inhibitors. These natural skin-derived products exhibit low toxicity, making them inherently safer."

After screening over 100 skin-derived bacteria, the team identified C. tuberculostearicum as a producer of a potent tyrosinase-inactivating compound. Their assays utilized tyrosinase from the mushroom Agaricus bisporus to confirm inhibition. Subsequent experiments pinpointed the active compound as cyclo(L-Pro-L-Tyr). The researchers then conducted three-dimensional (3D) docking simulations to elucidate how cyclo(L-Pro-L-Tyr) functions.

"Our goal was to understand how cyclo(L-Pro-L-Tyr) disrupts tyrosinase activity," explained Dr. Furuyama. "In melanin biosynthesis, tyrosinase initially converts L-tyrosine (L-Tyr) to dihydroxyphenylalanine (DOPA) quinone, which then transforms into DOPA chrome. Ultimately, DOPA chrome polymerizes to produce melanin. Our findings revealed that cyclo(L-Pro-L-Tyr) mimics L-Tyr, binding to and obstructing the substrate-binding pocket of mushroom tyrosinase. This interference renders the enzyme inactive." Dr. Furuyama emphasized the significance of their discovery: "Our study is the first to identify and elucidate the mechanism of a tyrosinase inhibitor derived from a skin bacterium."

The team is highly optimistic about the potential of their discovery. Scientific literature supports the non-toxic nature of cyclo(L-Pro-L-Tyr) to human cells, underscoring its suitability as a skin probiotic for combating hyperpigmentation. Moreover, the metabolite exhibits additional beneficial properties such as antimicrobial, antioxidant, and anticancer activities, further enhancing its therapeutic potential across various applications. Of particular interest is the team's success in extracting substantial quantities of cyclo(L-Pro-L-Tyr) from C. tuberculostearicum, paving the way for potential industrial-scale production. This capability is crucial for ensuring the financial feasibility of manufacturing active ingredients on a large scale.

Despite the promising outlook, Dr. Furuyama acknowledges that there are significant hurdles to overcome before these natural active ingredients can reach consumer shelves. He emphasizes the need for extensive research to precede the widespread adoption of cyclo(L-Pro-L-Tyr) in cosmetics. "Before cyclo(L-Pro-L-Tyr) can be widely used further studies are essential. Testing with human tyrosinase, which differs structurally from mushroom tyrosinase, is crucial. Detailed analyses of its mechanisms of action are also necessary to ensure efficacy and safety," explains Dr. Furuyama.

In essence, while the potential is considerable, thorough scientific validation and understanding are prerequisites for the eventual application of cyclo(L-Pro-L-Tyr) in skincare products.
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Sometimes it hurts to think | ScienceDaily
If somebody complains that it hurts to think, they may be onto something, as mental exertion appears to be associated with unpleasant feelings in many situations, according to research published by the American Psychological Association.


						
"Managers often encourage employees, and teachers often encourage students, to exert mental effort. On the surface, this seems to work well: Employees and students do often opt for mentally challenging activities," said senior author Erik Bijleveld, PhD, of Radboud University. "From this, you may be tempted to conclude that employees and students tend to enjoy thinking hard. Our results suggest that this conclusion would be false: In general, people really dislike mental effort."

The research was published in the journal Psychological Bulletin.

Researchers conducted a meta-analysis of 170 studies, published between 2019 and 2020 and comprising 4,670 participants, to examine how people generally experience mental effort. They did so by testing whether mental effort is associated with unpleasant feelings and whether that association depends on the task or the population involved.

The studies used a variety of participants (e.g., health care employees, military employees, amateur athletes, college students) from 29 countries and involved 358 different cognitive tasks (e.g., learning a new technology, finding one's way around an unfamiliar environment, practicing golf swings, playing a virtual reality game). In all studies analyzed, participants reported the level of effort they exerted as well as the extent to which they experienced unpleasant feelings such as frustration, irritation, stress or annoyance.

Across all populations and tasks, the greater the mental effort, the greater the unpleasantness experienced by participants.

"Our findings show that mental effort feels unpleasant across a wide range of populations and tasks," said Bijleveld. "This is important for professionals, such as engineers and educators, to keep in mind when designing tasks, tools, interfaces, apps, materials or instructions. When people are required to exert substantial mental effort, you need to make sure to support or reward them for their effort."

One interesting finding, according to Bijleveld, was that while the association between mental effort and adverse feelings was still significant, it was less pronounced in studies conducted in Asian countries compared with those in Europe or North America. This fits with the general idea that the aversiveness of mental effort may depend on people's learning history. High school students in Asian countries tend to spend more time on schoolwork than their European or North American counterparts and may therefore learn to withstand higher levels of mental exertion early on in their lives, he said.

More important is the real-world observation that despite the aversive nature of mentally challenging tasks, people still voluntarily engage in them, said Bijleveld.

"For example, why do millions of people play chess? People may learn that exerting mental effort in some specific activities is likely to lead to reward. If the benefits of chess outweigh the costs, people may choose to play chess, and even self-report that they enjoy chess," he said. "Yet, when people choose to pursue mentally effortful activities, this should not be taken as an indication that they enjoy mental effort per se. Perhaps people choose mentally effortful activities despite the effort, not because of it."
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Dance, dance revolution: Research shows dance and movement therapy can increase emotional and social intelligence in middle school students | ScienceDaily
Bullying is the most common manifestation of violence in schools. With globalization and immigration increasing classroom diversity in schools across the United States, ethnic bullying -- bullying that targets another's ethnic background or cultural identity, including racial taunts/slurs and insulting references to culturally specific customs, foods, clothing, and accents and as well as exclusion from peer groups -- has increased.


						
Nalini Prakash, PhD, an assistant clinical professor in Drexel University's College of Nursing and Health Professions, developed a specialized dance and movement therapy (DMT) program to meet the unique needs of youth from diverse racial and ethnic backgrounds to foster a sense of community and connection. This research is the first to address ethnic bullying through DMT.

Recently published in Social Sciences & Humanities Open, qualitative results showed DMT had a positive impact on empathy, peer relationships and cultural self-efficacy scores.

"Although the quantitative data did not show any significant increase or decrease in empathy, peer relationships, and cultural self-efficacy scores over time, participants reported that DMT fostered empathy, positive peer relationships, and cultural self-efficacy within cross-cultural contexts," said Nalini.

She added that participants noted improvements in intra- and interpersonal connections, increased emotional and social intelligence including empathy, and improved cross-cultural peer relationships, and participants achieved greater multicultural awareness, an understanding of different worldviews, and an openness to others who were different from themselves.

"Participants also reported being able to integrate the skills learned from the program into their everyday lives," said Nalini. "This validates the efforts of dance/movement therapists, like myself, who consistently strive for these results with clients."

Nalini's research focuses on violence prevention and examines the impact of dance/movement therapy (DMT) on interpersonal development, empathy, peer relationships, and cultural self-efficacy among racially and ethnically diverse middle school students, particularly in the context of ethnic bullying.




Students in three racially and ethnically diverse middle schools in the Washington D.C. and Philadelphia areas, including private, public, and charter schools, participated in 10 weekly, 50-minute dance and movement therapy sessions. The students provided qualitative feedback at the end of each session and participated in interviews when the program ended to share their experiences.

The sessions included activities related to the weekly theme designed to support empathy and relationship building. Music was selected based on the theme of the session or on the preferences of the participants.

Sessions started with a verbal check-in supported by movement representing participants' current mood, followed by a semi-structured warm-up, a main activity including creative/expressive movement interactions, and ended with a cool down and group discussion.
    	Week 1 "Getting to know each other" activities included introductions using verbal and gestural cultural greetings and creation of group safety rules.
    	Week 2 "Body awareness" activities included body scan and embodying rhythm of the drum to bring awareness to bodily sensations.
    	Week 3 "Self-compassion" activities included loving kindness meditation and building self-confidence through movement to enhance self-compassion.
    	Week 4 "Understanding my emotions" activities included emotions charades, freeze dance, and the 4 B's of self-settling (Brakes, Breathe, Brain, Body) to enhance emotional awareness and emotional regulation.
    	Week 5 "Spatial awareness" activities included establishing individual space bubbles to bring awareness to the use of space in relation to others.
    	Week 6 "Reaching out, making connections" activities included embodied self-expression and mirroring movement in pairs to build connections.
    	Week 7 "Understanding emotional expression of others" activities included mirroring each other's emotions and having an embodied conversation to enhance emotional understanding of others.
    	Week 8 "Respectful exchanges" activities included group dance choreography using rhythm and music to enhance respectful communication.
    	Week 9 "Compassion in action/finding common ground" activities included creative movement in groups, flocking like birds, and loving kindness meditation to build compassion for others.
    	Week 10 "Mutual support" activities included dancing down the path of encouragement with peer support and building a group sculpture to encourage mutual support.

Student participants completed the surveys assessing empathy, peer relationships and cultural self-efficacy at weeks 1, 5 and 10. Survey results were analyzed to examine any changes in empathy, peer relationships and cultural self-efficacy over the 10 weeks.

"Key elements of DMT such as mirroring or empathic movement reflection, and rhythmic movement likely played an important role in developing group cohesion among the participants, resulting in positive psychosocial outcomes," said Nalini. "This study enhances existing research in the fields of DMT and education, particularly in violence prevention programs that target bullying."

She noted that the findings provide a foundation for dance/movement therapists to inform their clinical practice and future research with this population. Additionally, since movement is the primary form of nonverbal communication, DMT can be particularly effective in diverse school settings where cultural differences and language barriers impede socialization.




"Incorporating embodied and creative arts-based approaches such as DMT into school-based violence prevention programs across the U.S. could strengthen these initiatives by offering nonverbal and creative methods to cultivate empathy and build positive cross-cultural peer relationships," said Nalini.

The COVID-19 pandemic posed a significant challenge to the recruitment and execution of the study by limiting the recruitment process to a small sample and reducing the program length from 12 to 10 weeks. Nalini hopes this study inspires additional research with larger sample sizes and extended program duration, and including a control group in future studies that could strengthen the validity of the findings.

"I hope school systems will incorporate DMT on a weekly basis throughout the school year as requested by the participants," said Nalini.

According to participant feedback, the program not only supported their psychosocial and emotional learning but also helped alleviate academic stress, enabling better concentration in the classroom. Nalini said regular inclusion of DMT in schools could offer students a unique opportunity to explore cross-cultural peer relationships through dance and movement while enhancing their psychosocial and academic skills.
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Ultrafine particles linked to over 1,000 deaths per year in Canada's two largest cities | ScienceDaily
A first-of-its kind study conducted in Canada's two largest cities by McGill-led researchers has linked about 1,100 premature deaths per year to an unregulated air pollutant.


						
Ultrafine particles (UFPs) primarily come from vehicle emissions and industrial activities. Canada's federal and provincial governments have not set concentration limits for UFPs, as they have for larger fine particles known as PM2.5.

"Ultrafine particles are incredibly small, allowing them to penetrate deep into the lungs and enter the bloodstream. Increasing evidence suggests these pollutants may contribute to heart and lung diseases, as well as certain forms of cancer," said Principal Investigator Scott Weichenthal, an Associate Professor in McGill's Department of Epidemiology, Biostatistics, and Occupational Health. "However, until now, studies have not examined the impacts of UFPs on mortality in Canada."

High-tech tools detect deadly pollution

The research team tracked air-pollution levels from 2001 to 2016 in neighbourhoods in Montreal and Toronto that were home to 1.5 million adults. Using state-of-the-art models that combine machine learning methods with ground-level measurements, land use information and aerial images, the researchers estimated how many of the tiny particles were in the air at various times. Then, they used statistical methods to calculate the connection between exposure and the risk of death.

The findings, published in the American Journal of Respiratory and Critical Care Medicine, associate long-term exposure to UFPs with a 7.3 per cent increase in the risk of non-accidental death. Respiratory deaths saw the highest increase, at 17.4 per cent, followed by a 9.4 per cent rise in deaths from coronary artery disease.

Weichenthal said the size of particles is important when assessing their health impacts.




"Previous studies that did not take particle size into account might have missed or underestimated the serious health risks associated with them," he added.

A call for clean air

The researchers said environmental regulations have successfully reduced air pollution in North America, but ultrafine particles are slipping through the regulatory cracks. In New York, UFP levels have risen, even as PM2.5 levels dropped.

"Our research shows a clear link between long-term UFP exposures and increased mortality risk, underscoring the urgent need for regulatory actions targeting these particles," said Weichenthal. "As urban areas continue to grow, addressing air pollution is increasingly crucial for the health and well-being of city dwellers."

The study, a collaboration between McGill University, the University of Toronto, Carleton University, the University of Ottawa, Health Canada and Statistics Canada, was funded by the United States Health Effects Institute.
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Tradition meets transformation for Maasai women | ScienceDaily
Few communities reveal both the challenges and opportunities presented by cultural globalism more than Maasai communities in northern Tanzania. Traditionally pastoralists, the Maasai ethnic group's social structure is historically patriarchal, with a man's prestige measured by the size of his family and by the livestock he owns.


						
The shrinking world has brought change: Urban centers and the promise of jobs are luring young Maasai from communities, and new technologies such as mobile phones are shifting social patterns and structures that go back generations. Even the East African landscape where the Maasai have traditionally grazed their cattle is altered. Dences protect agriculture efforts on lands where cattle previously grazed, and a nomadic life that relies on common land is rapidly ceding to western notions of individual ownership.

Virginia Tech Associate Professor Tim Baird is exploring the dimensions of change and empowerment that women in Maasai households are experiencing. A new paper in the Journal of Rural Studies reveals that newer livelihood activities are providing Maasai women more access to decision-making in households.

"Livelihood diversification is the foundation from which much of the change in these Maasai communities has grown," said Baird, who teaches in the College of Natural Resources and Environment's Department of Geography. "But Maasai still maintain a strong sense of identity centered on livestock."

To explore pathways to empowerment for women, Baird and his colleagues focused on the decision-making processes within households to understand how the shifting world has impacted the lived experiences of Maasai women.

Through interviews and surveys of women and men in Maasai households, researchers identified 10 broad decision types households face, on subjects including agriculture, children's education and health, local travel, and domestic tasks. The researchers also examined how issues such as land tenure, sons' reputation, and participation in small community groups can impact women's access to household decisions.

This research contributes to the United Nation's Sustainable Development Goal of Gender Equality, which seeks to empower decision-making for women and girls.




Key findings
    	Changing pastoral livelihoods leading to new decision-making opportunities for Maasai women. Women are gaining new opportunities for empowerment in areas such as income generation, access to education, and health care.
    	Group membership and formal education are critical positive factors. Women's access to education and participation in formal community groups are strongly correlated with greater access to decision-making.
    	Access to land and decision making is a complex challenge. While having formal title to agricultural land shows positive links to empowerment, mere access to land without title can reduce decision-making capacities for women.
    	Maasai women still have limited access to traditional decisions. Considerations over livestock management and the marriage of children still remains limited for women, suggesting that traditional patriarchal structures still constrain decision-making in some dimensions of Maasai life.

Overall, the paper's finding underscore the value that education, secure land tenure, and community support have for women's empowerment while also revealing the multiple dimensions that influence, support, and also limit decision-making access for Maasai women in a rapidly changing East Africa.

Researchers conduct a group interview about mobile phone use and empowerment with Maasai women in northern Tanzania in 2018: (from left) research assistant Felista Terta, lead researcher Kelly Summers, and research assistant Naomi Peter. Photo by Timothy Baird for Virginia Tech.

Such finding reveal that change is not a one-directional process, but rather an iterative process where change has the capacity to both expand opportunities for women and also preserving a way of life that has sustained the Maasai for centuries.

"If you observe how the Maasai have embraced the new, whether it is agriculture or the market system, they have often done so in service of preserving their old traditions," said Baird. "They can embrace the new as a way of preserving the past. But change also breeds change and women are leveraging this."

Looking ahead, Baird is looking to study how inter-generational inheritance, traditionally centered on livestock, is evolving to incorporate agricultural land. He notes that studying groups like the Maasai can provide insights on how difference cultures and communities adapt and adjust in a changing world.

"These are vulnerable people: they are poor and they live in a challenging environment," said Baird. "But pastoralists like the Maasai are resilient and able to adapt. As the world becomes more dynamic and more vulnerable, each of us should be looking for wards to be adaptive and resilient, and Maasai have much to teach us."
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Scientists and climate change: Extreme concern and high level of engagement | ScienceDaily
Scientists from across academic disciplines are extremely concerned about climate change. Many of them have already changed their own lifestyles or engaged in advocacy and protest, with even more being willing to do so in future. This is evident from a large-scale survey of scientists from all over the world, conducted by an international research team led by the University of Amsterdam. The researchers not only looked at the views of scientists and the extent to which they are engaged in climate action, but also at how the involvement of scientists with climate change can be increased. The research was published on Monday, 5 August, in the journal Nature Climate Change.


						
'Climate change is an existential threat to humanity,' says postdoctoral researcher Fabian Dablander of the UvA's Institute for Biodiversity and Ecosystem Dynamics and one of the lead authors of the study. 'To secure a liveable future, each of us needs to ask ourselves: how can I best contribute at this crucial moment in human history? Scientists are well placed to help tackle climate change beyond conducting academic research. However, little is known about their wider engagement with the issue. Hence our study, in which we conducted quantitative and qualitative analyses of a survey of over 9,000 researchers from all scientific disciplines, not just climate science.'

Fundamental and personal

Most respondents (83%) in the survey say they are 'quite a bit' or 'a great deal' worried about climate change. The vast majority (91%) of them believe that fundamental changes in social, political and economic systems are needed to truly tackle climate change. Most respondents (84%) also think that significant changes in personal behaviour and lifestyle are needed. Many of them say they have already made significant changes to their lifestyle, by driving less (69%), flying less (51%) and switching to a more plant-based diet (39%).

Willingness to engage

A majority of scientists in the survey believe that climate activist groups can bring about positive change and that scientists should be more engaged in climate advocacy and even protest. A significant proportion of respondents are already engaged in climate advocacy (29%), have participated in legal protest (23%) and/or have even engaged in civil disobedience (10%), and about half say they would be willing to engage in some of these in the future.

Breaking down barriers

Based on the data, Dablander and colleagues then looked at which factors predict scientists' engagement in advocacy and protest. They propose a two-step model of engagement. First, in order for scientists to be willing to engage, they need to overcome mostly intellectual barriers such as a lack of belief in the effectiveness of the actions, lack of identification with activists, lack of knowledge, fear of losing credibility, and fear of repercussions. Second, to actually engage they need to overcome mostly practical barriers such as a perceived lack of skills, lack of time, lack of opportunities, and not knowing any groups involved in climate action.




Based on their two-step model, the researchers propose ways to increase scientists' engagement, such as facilitating interactions between scientists who are already engaged and those who are not, and making institutional reforms, for example by offering more time and money for climate-related actions or rewarding public engagement.

Wake-up call

'Governments and corporations continue to make empty promises that downplay the level of transformation that is required to prevent climate breakdown,' says Adam Aron, professor of psychology at the University of California, San Diego, and a co-author of the study: 'This study makes clear that scientists from all disciplines are very worried and are calling for this fundamental transformation. I hope it helps wake people up and get engaged -- more and more scientists are.'

About the survey

In their study, the researchers sampled the scientific community by sending targeted emails to more than 250,000 academics. The more than 9,000 scientists who ultimately responded to the survey came from 115 countries, all academics disciplines, and all career stages. The researchers acknowledge the possibility that scientists who were already involved in climate change may have been more likely to participate in the survey, which could affect the extent to which the reported percentages are representative of the scientific community as a whole.
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Link between global warming and rising sea levels | ScienceDaily
A McGill-led study suggests that Earth's natural forces could substantially reduce Antarctica's impact on rising sea levels, but only if carbon emissions are swiftly reduced in the coming decades. By the same token, if emissions continue on the current trajectory, Antarctic ice loss could lead to more future sea level rise than previously thought.


						
The finding is significant because the Antarctic Ice Sheet is the largest ice mass on Earth, and the biggest uncertainty in predicting future sea levels is how this ice will respond to climate change.

"With nearly 700 million people living in coastal areas and the potential cost of sea-level rise reaching trillions of dollars by the end of the century, understanding the domino effect of Antarctic ice melt is crucial," said lead author Natalya Gomez, an Associate Professor in McGill's Department of Earth and Planetary Sciences and Canada Research Chair in Ice sheet -- Sea level interactions.

The study focuses on how the ice sheet interacts with the earth beneath, and how that dynamic is influenced by carbon-emission levels. This relationship has not been thoroughly explored in previous studies, the researchers said.

"Our findings show that while some sea level rise is inevitable, swift and substantive action to lower emissions could prevent some of the most destructive impacts of climate change, particularly for coastal communities," Gomez said.

Rising seas and nature's double-edged sword 

As ice melts, its weight decreases, causing the land beneath it to rise like an expanding sponge. The researchers say this process, called post-glacial uplift, can be a double-edged sword.




If emissions drop quickly, limiting global warming, post-glacial uplift can act as a natural brake on ice-mass loss. It lifts the ice up, slowing the flow of ice from land to ocean. The study found this dynamic can reduce Antarctica's contribution to sea- level rise by up to 40 per cent.

However, if carbon outputs keep pace and the planet heats up quickly, the rebounding land will not be enough to slow the rapidly melting ice, and instead pushes more ocean water away from Antarctica, accelerating sea-level rise along populated coastlines.

To reach their findings, Gomez and collaborating scholars from Canada and the United States developed a 3-D model of Earth's interior. Their model used geophysical field measurements from the U.S. ANET-POLENET project, which had pioneered large-scale deployments of sensitive instruments to record the bedrock uplift and seismic signals across large expanses of Antarctica. These extensive field measurements were essential for characterizing the three-dimensional variations of the Antarctic mantle incorporated in the study.

"Our 3-D model peels back Earth's layers like an onion, revealing dramatic variations in thickness and consistency of the mantle below. This knowledge helps us better predict how different areas will respond to melting," said co-author Maryam Yousefi, a geodesist at Natural Resources Canada and previously a Postdoctoral Fellow at McGill and Penn State universities.

It's the first model to capture the relationship between Antarctica's ice and underlying earth in such detail, she added.

Notes Rob DeConto, a co-author and glaciologist at the University of Massachusetts, "This study marks a breakthrough in our ability to better predict the impacts of climate change on rising seas and to inform effective environmental policy."

Global impacts

The findings, published in Science Advances, highlight the inequalities of climate change, the scholars noted. Island nations, which contribute the least to global emissions, are likely to bear the brunt of their consequences, they said.

The study is a collaboration between researchers at McGill, Pennsylvania State, Cambridge, Columbia, Colorado State, Ohio State, the University of Massachusetts Amherst, the University of Washington and the Union of Concerned Scientists. It was funded by the Canadian Natural Sciences and Engineering Research Council, the U.S. National Science Foundation and the Canada Research Chairs program.
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Feeling judged by your doctor? You might be right | ScienceDaily
When an individual visits their doctor, they aren't supposed to keep secrets. Unless patients are forthcoming about their symptoms, behaviors, and health-related beliefs, it's hard for healthcare professionals to effectively diagnose and treat illnesses -- or to advise and educate patients about how to take better care of themselves in the future.


						
There's only one problem: new research from Stevens Institute of Technology shows that many people believe they may be judged if they share mistaken beliefs with their care team -- and that doctors really do take strongly negative views of patients who disclose incorrect or unreasonable beliefs.

"People worry about their doctors looking down on them -- and it turns out that's an entirely rational concern," says Dr. Samantha Kleinberg, the lead researcher on the project. "Our study suggests that doctors really do judge patients harshly if they share information or beliefs that they disagree with."

To understand how people think about sharing information with healthcare professionals, Dr. Kleinberg and her collaborators surveyed over 350 patients and over 200 physicians, asking how they would view people who held a range of different medical beliefs. Beliefs ranged from true information to incorrect statements of many types: some were reasonable (like believing that eating sugar causes diabetes); some were unreasonable (like believing that carrot juice cures diabetes); and some were conspiracy theories (like believing that pharmaceutical companies deliberately cause diabetes to create more customers for insulin). Dr. Onur Asan, also at Stevens Institute of Technology, co-authored the study along with Dr. Jessecae K. Marsh, a collaborator from Lehigh University.

"The degree to which healthcare professionals held negative perceptions towards patients espousing misinformation surprised us, and suggests doctors may need additional support and resources to effectively treat such patients," says Dr. Asan.

The more unreasonable a person's health beliefs, the more negatively they were viewed by both laypeople and healthcare professionals. "We found that our subjects viewed people negatively if they held mistaken beliefs -- but viewed them much more negatively if they held more unreasonable or conspiratorial beliefs," Dr. Kleinberg says.

Surprisingly, however, there was little difference between the responses of doctors and laypeople or patients with personal experience. Even patients living with chronic health conditions, who were familiar with the complexities of healthcare, were highly intolerant of people who held mistaken beliefs, the team found. "We'd thought people who had diabetes themselves might be more sympathetic, but it wasn't the case at all," Dr. Kleinberg says.




Physicians were also highly likely to view people negatively when they expressed mistaken beliefs about health-related topics. "That was a surprising result, and frankly a depressing one," Dr. Kleinberg says. "Laypeople aren't expected to have medical expertise, so doctors often have to correct mistaken beliefs on health issues. That shouldn't be something that leads doctors to view patients more negatively."

Surveys show that the majority of people hold at least some incorrect health-related beliefs, such as the false belief that taking vitamin C will cure their cold, or that eating a sugary snack can directly cause diabetes, making it all the more important that people feel free to solicit expert opinions. "We rely on our doctors to educate us and help us overcome these medical misconceptions -- but that's only possible if we're able to express our ideas freely, without fear of being judged when we get things wrong," Dr. Kleinberg says.

Part of the problem is that it isn't usually possible for laypeople to know whether their own beliefs are correct or incorrect, or whether they will be perceived as reasonable or unreasonable. That means patients are likely to withhold even true and reasonable beliefs in order to minimize the risk of being viewed negatively by their doctor.

More research is needed to explore the ways in which these negative perceptions impact real-world patient-doctor interactions, Dr. Kleinberg says. Still, she adds, it's clear that physicians need to be doing more to make their patients feel safe and comfortable during routine interactions.

"If we want to have clear communication between patients and healthcare professionals, we need to change the way that doctors think about patients who are misinformed," Dr. Kleinberg says. "Doctors need to overcome their tendency to judge patients, and actively encourage patients to share their thoughts -- even their incorrect ones -- much more freely than they currently do."
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Native Hawaiians face higher rates of accelerated biological aging, study finds | ScienceDaily
We normally associate our age with the year we are born. However, what if your age could be better associated with other factors like health, diet, exercise, occupation and education level?


						
A new study by the University of Hawai`i at Manoa discovered for the first time that Native Hawaiians experience higher accelerated biological aging in comparison to White and Japanese American residents. The study also reports that living in adverse environments, such as in neighborhoods with low socioeconomic status, is associated with accelerated biological aging independent of ethnic background. However, life experiences may be protective against accelerated aging.

"We observed that despite living in socioeconomically poorer neighborhoods, individuals who engaged in higher physical activity, had a higher level of education attainment, and healthier diets tended to have closer to normal biological aging, which was independently associated with lower BMI and lower risk for diabetes," said lead author Alika Maunakea, a Native Hawaiian professor of epigenetics and health disparities researcher at the John A. Burns School of Medicine.

Cancer research data provides insight

To determine the findings, Maunakea and his team analyzed DNA samples from 376 participants in the UH Cancer Center's ongoing multiethnic cohort. Biological aging refers to the gradual deterioration of cellular and physiological functions over time, reflecting the body's true age at a molecular and cellular level, which may differ from chronological age. Biological aging is determined by studying a person's DNA, but not the actual DNA sequence we know as genetics.

Known as "DNA methylation," this epigenetic process controls gene activity and indicates biological age. Scientists can measure this in blood cells to determine if a person is aging faster or slower than their actual years. Faster biological aging is called age acceleration, which may correspond to health issues.

The association of life experiences with DNA methylation-derived biological age have mostly been studied in populations of European ancestry, with only a few studies on ethnically diverse populations. Yet, ethnically diverse populations suffer from diseases of health disparities, including Native Hawaiians who have a higher risk for and an earlier age of onset of diabetes, heart disease and certain cancers compared to all other major ethnic groups in the state of Hawai`i. Native Hawaiians also experience the highest all-cause mortality among all other ethnic groups. Maunakea hopes that this study sheds light on biological mechanisms that help to explain the origins of health disparities in Native Hawaiians in order to better address them.




"Results of this study have significant public health implications and can help shape health policy," Maunakea said. "Certain neighborhood-level factors that influence your health, such as where you live and the environment built around you therein, can be hard to change. Yet individual-level lifestyle factors like education, physical activity and diet can be improved through federal, state, and community-based programs such as MA`O Organic Farms in Wai`anae, a region struggling with health and socioeconomic disparities."

The results of the study are personal to Maunakea, having been born and raised in Wai`anae.

"To me, the results are further proof that lifestyle matters to health and that as individuals we can do something about it," Maunakea said. "Being Native Hawaiian doesn't make us destined for disease, even if you live in poor neighborhoods. Our data at the molecular level shows clearly that engaging in healthier lifestyles reduces the risk for disease and likely improves longevity. This gives me hope that we can, in my lifetime, improve the overall health and wellbeing of our lahui."

This study was published in July 2024 in the Journal of the American Medical Association.

Future research

Maunakea said that more research is underway to determine whether different ethnic groups start off with different biological ages or whether the differences in biological ages observed are due to social inequities. A study on the socioecological determinants of pre-diabetes led by Maunakea that has completed the recruitment of more than 2,100 adult residents, mostly of Native Hawaiians and Pacific Islander ethnic background, is attempting to validate and expand on these findings.
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Genetic signatures of domestication identified in pigs, chickens | ScienceDaily
Wild boars and red junglefowl gave rise to common pigs and chickens. These animals' genes evolved to express themselves differently, leading to signatures of domestication -- such as weaker bones and better viral resistance -- in pigs and chickens, according to a research team based in Japan.


						
The findings, published on July 6 in Animals, could provide insight into the genetic changes of the domestication process and highlight target genes for healthier and more productive livestock breeding, the researchers said.

"Through domestication, these animals have been brought under human control and have been selectively bred for specific traits useful to humans, such as faster growth rates, improved meat quality and increased litter size," said corresponding author Hidemasa Bono, professor at Hiroshima University (HU). Bono is associated with the Laboratory of Genome Informatics in the HU Graduate School of Integrated Sciences for Life and the Laboratory of Bio-DX in the Genome Editing Innovation Center.

"This process has significantly altered the animals' behavior, morphology and physiological functions. ... While the selection for traits beneficial to humans has occurred, excessive selective breeding has led to health issues in domesticated animals and decreased their reproductive capacity. To address these issues, it is crucial to understand the changes in gene expression between domesticated animals and their wild ancestors."

By comparing how genes are expressed in pairs of pigs and wild boars, as well as pairs of chickens and red junglefowl, the researchers said they aimed to elucidate common patterns of such changes. Using data from publicly available databases, they compared 240 genes in pigs and 206 in chickens and found 10 were up-regulated -- meaning they were expressed more compared to their wild ancestor partners. They also found seven genes were up-regulated in wild boars and red junglefowl, which have a total of 206 genes and 200 genes, respectively.

"Notably, domesticated animals exhibited higher expression of genes related to viral resistance and bone weakness, whereas their wild ancestors showed higher expression of genes associated with stress response and energy metabolism," said first author Motoki Uno, a graduate student in the Laboratory of Genome Informatics at HU's Graduate School of Integrated Sciences for Life.

"Our analysis revealed that genes commonly up-regulated in pigs and chickens are involved in the immune response, olfactory learning, epigenetic regulation, cell division and the extracellular matrix, which is the molecular structure that gives support to cells and tissues in an organism. In contrast, genes up-regulated in wild boar and red junglefowl are related to stress response, cell proliferation, cardiovascular function, neural regulation and energy metabolism."

According to the researchers, these changes may have come about because domesticated animals are typically kept at high densities in confined spaces, such as chickens in a coop. This closeness can foster more vulnerability to infection as viruses spread, compared to their wild ancestor counterparts. In contrast, wild boars and red junglefowl are exposed to more stressors in nature, such as avoiding predators and finding food, which could account for the up-regulated genes related to cardiovascular function, neural regulation and energy metabolism.

"These findings provide valuable insights into the genetic basis of the domestication process and highlight potential candidate genes for breeding applications," Bono said. "Moving forward, we aim to contribute to sustainable breeding through the improvement of analytical methods and the integration of various biological data."

The Center of Innovation for Bio-Digital Transformation and the Japan Science and Technology Agency funded this research.
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Eye-tracking study provides valuable insights into learning mathematics | ScienceDaily
Eye-tracking allows studying aspects that cannot be seen, for example, the thinking processes of a student solving a mathematical problem. Researchers at Kaunas University of Technology (KTU) are the first in Lithuania to integrate eye-tracking into education and are using the technology to radically improve the teaching of mathematics.


						
Eye-tracking creates the possibility for researchers to observe a subject's attention shifts based on where they fix their gaze or how they move it. This helps researchers understand various emotional, thinking and cognitive processes that happen in response to the environment.

"By applying this technology in mathematical education, it is possible to monitor the individual activity of students and see the cognitive processes they undergo when solving mathematical tasks," says Dr Irina Kliziene, a professor at the KTU Faculty of Social Sciences, Arts and Humanities.

A recent study by Kliziene and her PhD student Asta Paskovske shows that the research carried out using eye-tracking equipment can indicate the difficulties a child encounters while solving a mathematical problem.

Reveals significant details that go by unnoticed

"Eye-tracking studies with children reveal the strategies they use to process visuals in mathematical tasks, and the gaze patterns identified show the difficulties they experience in each problem-solving step. It is a great advantage to be able to observe the decision-making processes without interfering with their work," says Prof. Kliziene.

Kliziene and Paskovske's systematic literature review analysed the possibilities of applying eye-tracking methodology to identify the strategies used by primary school students to solve mathematical problems. The eye-tracking data reveals which steps of problem-solving are the most challenging or which elements of the task are more difficult to understand. These are important details that usually go unnoticed in mathematics classes as students are not always able to identify them.




"Eye-tracking makes it possible for us to see where a child is focusing their gaze when solving a mathematical problem. It helps to identify which problem-solving steps are the most difficult, how the child selects and processes information, and where the child focuses his or her attention," says Paskovske.

By analysing this data, teachers can suggest more effective teaching methods while students can adopt better learning habits.

Provides valuable insights into the learning process

Prof. Kliziene, who researches the impact of the educational environment on students' achievements in mathematics, says that, compared to other methods, eye-tracking provides essential data on mathematics learning -- not only on the results of the learning process. This method provides insights into students' cognitive processes.

The eye-tracking research uses special non-invasive eye-trackers and software. These devices are not harmful to the human eye and are designed to be used in the subject's natural environment. They normally consist of three parts: a light source (usually infrared light), a gaze-tracking camera that captures flashes of the visible image reflected in the cornea and the centre of the pupil, and a processor with eye-tracking software.

Eye-tracking research provides information and allows studying cognitive processes that reflect in eye movements and could otherwise not be consciously observed and explained. "Monitoring the mathematical problem-solving process -- its strategies, cognitive load, attention span and shifting -- is made possible by tracking and recording eye movements, the patterns (consistency, repetition) of task reading, fixations and areas of interest," says Kliziene.




Could be used to improve mathematical tasks

The use of eye-tracking technology can help to improve student's academic achievements and make the learning process more productive. Having identified the patterns of task reading, educators can adapt the learning material to make it more understandable.

"By observing where students focus their gaze, we can optimise the layout of the teaching material so that the most important parts of the task are seen first. For example, if a child often skips a certain part of a task, the teaching material can be made to draw their attention to that part," comments Paskovske.

The learning process can be personalised by determining the level of cognitive load children experience while solving mathematical tasks and optimising and reducing it. This helps to improve learning efficiency. "Eye-tracking research provides valuable data to improve the learning process, making it more personalised, effective and engaging," says the KTU PhD student, a co-author of the study.

The researchers claim that research-based assessment of students' motivation allows them to identify which learning methods encourage students to be more engaged in the learning process. They hope that their research will not only improve the teaching of mathematics but also contribute to improving students' academic performance and learning experiences.

Eye-tracking technology is becoming an important tool in education, enabling a deeper understanding of the learning processes and the development of more effective teaching methods to improve children's acquisition of mathematical knowledge and skills.
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        3D-printed blood vessels bring artificial organs closer to reality
        Lab-grown organs are a long-time 'holy grail' of organ engineering that has yet to be achieved, but new research has brought that goal a big step closer to reality using a new 3D-printing method called co-SWIFT. co-SWIFT prints branching networks of double-layered vessels that are infused with smooth muscle cells and endothelial cells into living human cardiac tissue, and can even replicate patient-specific vascular structures,indicating that it could one day be used for personalized medicine.

      

      
        When mammoths roamed Vancouver Island
        Mammoths, the massive pre-historic ice age cousins of the modern-day elephant, have always been understood to have inhabited parts of British Columbia, but the question of when has always been a bit woolly. Now, a new study has given scientists the clearest picture yet when the giant mammals roamed Vancouver Island.

      

      
        Scientists lay out revolutionary method to warm Mars
        Ever since we learned that the surface of planet Mars is cold and dead, people have wondered if there is a way to make it friendlier to life. The newly proposed method is over 5,000 times more efficient than previous schemes to globally warm Mars, representing a significant leap forward in our ability to modify the Martian environment.

      

      
        Social rank may determine if animals live fast, die young
        Social rank may determine whether animals prioritize immediate fitness over long-term health, according to a study. Researchers studied macaques on a Thai island and found that the animals' unusual habit of washing their food is in fact based on social rank. Dominant monkeys quickly brush their food on their fur before eating it, along with mouthfuls of tooth-degrading sand, while lower-ranked monkeys obsessively wash their food in the surf. Citing the disposable soma hypothesis, the researchers ...

      

      
        Soft gold enables connections between nerves and electronics
        Gold does not readily lend itself to being turned into long, thin threads. But researchers have now managed to create gold nanowires and develop soft electrodes that can be connected to the nervous system. The electrodes are soft as nerves, stretchable and electrically conductive, and are projected to last for a long time in the body.

      

      
        Carvings at ancient monument may be world's oldest calendars
        Markings on a stone pillar at a 12,000 year-old archaeological site in Turkey likely represent the world's oldest solar calendar, created as a memorial to a devastating comet strike, experts suggest.

      

      
        Smallest arm bone in human fossil record sheds light on the dawn of Homo floresiensis
        A new study reports the discovery of extremely rare early human fossils from the Indonesian island of Flores, including an astonishingly small adult limb bone. Dated to about 700,000 years old, the new findings shed light on the evolution of Homo floresiensis, the so-called 'Hobbits' of Flores whose remains were uncovered in 2003 at Liang Bua cave in the island's west.

      

      
        Astronomers uncover risks to planets that could host life
        A groundbreaking study has revealed that red dwarf stars can produce stellar flares that carry far-ultraviolet (far-UV) radiation levels much higher than previously believed.

      

      
        Hydraulic lift technology may have helped build Egypt's iconic Pyramid of Djoser
        The Pyramid of Djoser, the oldest of Egypt's iconic pyramids, may have been built with the help of a unique hydraulic lift system, according to researchers. A new study suggests that water may have been able to flow into two shafts located inside the pyramid itself, where that water could have been used to help raise and lower a float used to carry the building stones.

      

      
        Physicists develop new method to combine conventional internet with the quantum internet
        Researchers send entangled photons and laser pulses of the same color over a single optical fiber for the first time.

      

      
        Scientists pin down the origins of the moon's tenuous atmosphere
        Scientists say they have identified the main process that formed the moon's atmosphere and continues to sustain it today. The team reports that the lunar atmosphere is primarily a product of 'impact vaporization.'

      

      
        When it comes to DNA replication, humans and baker's yeast are more alike than different
        Humans and baker's yeast have more in common than meets the eye, including an important mechanism that helps ensure DNA is copied correctly, reports a pair of studies. The findings visualize for the first time a molecular complex -- called CTF18-RFC in humans and Ctf18-RFC in yeast -- that loads a 'clamp' onto DNA to keep parts of the replication machinery from falling off the DNA strand.

      

      
        Half a billion-year-old spiny slug reveals the origins of mollusks
        Exceptional fossils with preserved soft parts reveal that the earliest mollusks were flat, armored slugs without shells. The new species, Shishania aculeata, was covered with hollow, organic, cone-shaped spines. The fossils preserve exceptionally rare detailed features which reveal that these spines were produced using a sophisticated secretion system that is shared with annelids (earthworms and relatives).
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3D-printed blood vessels bring artificial organs closer to reality | ScienceDaily
Growing functional human organs outside the body is a long-sought "holy grail" of organ transplantation medicine that remains elusive. New research from Harvard's Wyss Institute for Biologically Inspired Engineering and John A. Paulson School of Engineering and Applied Science (SEAS) brings that quest one big step closer to completion.


						
A team of scientists created a new method to 3D print vascular networks that consist of interconnected blood vessels possessing a distinct "shell" of smooth muscle cells and endothelial cells surrounding a hollow "core" through which fluid can flow, embedded inside a human cardiac tissue. This vascular architecture closely mimics that of naturally occurring blood vessels and represents significant progress toward being able to manufacture implantable human organs. The achievement is published in Advanced Materials.

"In prior work, we developed a new 3D bioprinting method, known as "sacrificial writing in functional tissue" (SWIFT), for patterning hollow channels within a living cellular matrix. Here, building on this method, we introduce coaxial SWIFT (co-SWIFT) that recapitulates the multilayer architecture found in native blood vessels, making it easier to form an interconnected endothelium and more robust to withstand the internal pressure of blood flow," said first author Paul Stankey, a graduate student at SEAS in the lab of co-senior author and Wyss Core Faculty member Jennifer Lewis, Sc.D.

The key innovation developed by the team was a unique core-shell nozzle with two independently controllable fluid channels for the "inks" that make up the printed vessels: a collagen-based shell ink and a gelatin-based core ink. The interior core chamber of the nozzle extends slightly beyond the shell chamber so that the nozzle can fully puncture a previously printed vessel to create interconnected branching networks for sufficient oxygenation of human tissues and organs via perfusion. The size of the vessels can be varied during printing by changing either the printing speed or the ink flow rates.

To confirm the new co-SWIFT method worked, the team first printed their multilayer vessels into a transparent granular hydrogel matrix. Next, they printed vessels into a recently created matrix called uPOROS composed of a porous collagen-based material that replicates the dense, fibrous structure of living muscle tissue. They were able to successfully print branching vascular networks in both of these cell-free matrices. After these biomimetic vessels were printed, the matrix was heated, which caused collagen in the matrix and shell ink to crosslink, and the sacrificial gelatin core ink to melt, enabling its easy removal and resulting in an open, perfusable vasculature.

Moving into even more biologically relevant materials, the team repeated the printing process using a shell ink that was infused with smooth muscle cells (SMCs), which comprise the outer layer of human blood vessels. After melting out the gelatin core ink, they then perfused endothelial cells (ECs), which form the inner layer of human blood vessels, into their vasculature. After seven days of perfusion, both the SMCs and the ECs were alive and functioning as vessel walls -- there was a three-fold decrease in the permeability of the vessels compared to those without ECs.

Finally, they were ready to test their method inside living human tissue. They constructed hundreds of thousands of cardiac organ building blocks (OBBs) -- tiny spheres of beating human heart cells, which are compressed into a dense cellular matrix. Next, using co-SWIFT, they printed a biomimetic vessel network into the cardiac tissue. Finally, they removed the sacrificial core ink and seeded the inner surface of their SMC-laden vessels with ECs via perfusion and evaluated their performance.




Not only did these printed biomimetic vessels display the characteristic double-layer structure of human blood vessels, but after five days of perfusion with a blood-mimicking fluid, the cardiac OBBs started to beat synchronously -- indicative of healthy and functional heart tissue. The tissues also responded to common cardiac drugs -- isoproterenol caused them to beat faster, and blebbistatin stopped them from beating. The team even 3D-printed a model of the branching vasculature of a real patient's left coronary artery into OBBs, demonstrating its potential for personalized medicine.

"We were able to successfully 3D-print a model of the vasculature of the left coronary artery based on data from a real patient, which demonstrates the potential utility of co-SWIFT for creating patient-specific, vascularized human organs," said Lewis, who is also the Hansjorg Wyss Professor of Biologically Inspired Engineering at SEAS.

In future work, Lewis' team plans to generate self-assembled networks of capillaries and integrate them with their 3D-printed blood vessel networks to more fully replicate the structure of human blood vessels on the microscale and enhance the function of lab-grown tissues.

"To say that engineering functional living human tissues in the lab is difficult is an understatement. I'm proud of the determination and creativity this team showed in proving that they could indeed build better blood vessels within living, beating human cardiac tissues. I look forward to their continued success on their quest to one day implant lab-grown tissue into patients," said Wyss Founding Director Donald Ingber, M.D., Ph.D. Ingber is also the Judah Folkman Professor of Vascular Biology at HMS and Boston Children's Hospital and Hansjorg Wyss Professor of Biologically Inspired Engineering at SEAS.

Additional authors of the paper include Katharina Kroll, Alexander Ainscough, Daniel Reynolds, Alexander Elamine, Ben Fichtenkort, and Sebastien Uzel. This work was supported by the Vannevar Bush Faculty Fellowship Program sponsored by the Basic Research Office of the Assistant Secretary of Defense for Research and Engineering through the Office of Naval Research Grant N00014-21-1-2958 and the National Science Foundation through CELL-MET ERC (#EEC-1647837).
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When mammoths roamed Vancouver Island | ScienceDaily
Mammoths, the massive pre-historic ice age cousins of the modern-day elephant, have always been understood to have inhabited parts of British Columbia, but the question of when has always been a bit woolly.


						
Now, a new study from Simon Fraser University has given scientists the clearest picture yet when the giant mammals roamed Vancouver Island.

As part of SFU researcher Laura Termes' PhD and published earlier this month in the Canadian Journal of Earth Sciences, the study examined 32 suspected mammoth samples collected on Vancouver Island. Of those samples, just 16 were deemed suitable for radiocarbon dating.

The youngest sample was found to be around 23,000 years old and the oldest turned out to be beyond the range radiocarbon dating could measure, meaning it was older than 45,000 years.

Prior to the study, only two mammoth remains found on Vancouver Island had ever been dated before. Both lived around 21,000 years ago, so the Termes' study provides a greater understanding of when the massive mammals lived in the area.

"This is really exciting because it shows that mammoths have lived on Vancouver Island for a long time," says Termes, a PhD candidate in the Department of Archaeology. "We were expecting similar results [to the two samples previously dated] but what we found were mammoths that were much older. It is fantastic that they could be preserved for that long."

Termes says having the curatorial support at the Royal BC Museum and the Courtenay and District Museum and Palaeontology Centre allowing access to their collections was invaluable to the study.




"This research highlights the important role of museum collections for understanding how life has evolved and changed in British Columbia's deep history," says Victoria Arbour, curator of palentology at the Royal BC Museum. "It's great to see Woolly's relatives in the Royal BC Museum's collections in the spotlight through this research study."

The UBC ADaPT Facility (which was instrumental in helping determine if samples were indeed mammoths and not whales or other animals) also played an important role in the research, Termes says.

And archaeologists need all the help they can get because while mammoths were enormous, finding intact samples in British Columbia is actually quite rare.

"When we imagine great big giant animals of the last ice age being found, we might have imagined fully articulated and complete skeletons being systematically excavated. But in southern B.C., that simply does not happen," says Termes. "Instead, we may get an isolated molar that's been tumbled around in the water for a long time, or maybe a piece of a tusk. And these are what everyday people are encountering."

For example, one sample she examined was a piece of mammoth tooth found by a child in the gravel at a local playground.

"So maybe it's a dog owner, taking their puppy for a walk on a rainy day, or a gravel pit operator at work," says Termes, who grew up in Qualicum Beach. "I really like how these magnificent animals are finding their way into people's lives in routine and everyday ways."

Termes says the study is part of a larger look at megafauna in B.C. and she plans on radiocarbon dating mammoth samples from other parts of the province.
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Scientists lay out revolutionary method to warm Mars | ScienceDaily
Ever since we learned that the surface of planet Mars is cold and dead, people have wondered if there is a way to make it friendlier to life.


						
In a groundbreaking study published Aug. 7 in Science Advances, researchers from the University of Chicago, Northwestern University, and the University of Central Florida have proposed a revolutionary approach towards terraforming Mars. This new method, using engineered dust particles released to the atmosphere, could potentially warm the Red Planet by more than 50 degrees Fahrenheit, to temperatures suitable for microbial life -- a crucial first step towards making Mars habitable.

The proposed method is over 5,000 times more efficient than previous schemes to globally warm Mars, representing a significant leap forward in our ability to modify the Martian environment.

What sets this approach apart is its use of resources readily available on Mars, making it far more feasible than earlier proposals that relied on importing materials from Earth or mining rare Martian resources.

This strategy would take decades. But it appears logistically easier than other plans proposed so far.

"This suggests that the barrier to warming Mars to allow liquid water is not as high as previously thought," said Edwin Kite, an associate professor of geophysical sciences at the University of Chicago and corresponding author on the study. The lead author was Samaneh Ansari, a graduate student in Prof. Hooman Mohseni's group at Northwestern University.

Astronauts still won't be able to breathe Mars' thin air; making the planet suitable for humans to walk on the surface unaided requires much more work. But perhaps groundwork could be laid, by making the planet habitable for microbes and food crops that could gradually add oxygen to the atmosphere -- much as they have done for Earth during its geologic history.




A new approach to an age-old dream

There is a rich history of proposals to make Mars habitable; Carl Sagan himself came up with one back in 1971. These have ranged from outright daydreams, such as science fiction writers depicting turning one of Mars' moons into a sun, to more recent and scientifically plausible ideas, such as engineering transparent gel tiles to trap heat.

Any plan to make Mars habitable must address several hurdles, including deadly UV rays and salty soil. But the biggest is the planet's temperature; the surface of Mars averages about -80 degrees Fahrenheit.

One strategy to warm the planet could be the same method that humans are unintentionally using here on Earth: releasing material into the atmosphere, which would enhance Mars' natural greenhouse effect, trapping solar heat at the surface.

The trouble is that you would need tons of these materials -- literally. Previous schemes depended on bringing gases from Earth to Mars, or attempting to mine Mars for a large mass of ingredients that aren't very common there -- both are costly and difficult propositions. But the team wondered whether it could be done by processing materials that already exist abundantly on Mars.

We know from rovers like Curiosity that dust on Mars is rich in iron and aluminum. By themselves, those dust particles aren't suitable to warm the planet; their size and composition mean they tend to cool the surface slightly rather than warm it. But if we engineered dust particles that had different shapes or compositions, the researchers hypothesized, perhaps they could trap heat more efficiently.




The researchers designed particles shaped like short rods -- similar in size to commercially available glitter. These particles are designed to trap escaping heat and scatter sunlight towards the surface, enhancing Mars' natural greenhouse effect.

"How light interacts with sub-wavelength objects is fascinating. Importantly, engineering

nanoparticles can lead to optical effects that far exceed what is conventionally expected from

such small particles," said Ansari. Mohseni, who is a co-author, believes that they have just scratched the surface: "We believe it is possible to design nanoparticles with higher efficiency, and even those that can dynamically change their optical properties."

"You'd still need millions of tons to warm the planet, but that's five thousand times less than you would need with previous proposals to globally warm Mars," said Kite. "This significantly increases the feasibility of the project."

Calculations indicate that if the particles were released into Mars' atmosphere continuously at 30 liters per second, the planet would warm by more than 50 degrees Fahrenheit -- and the effect could be noticeable within as soon as months. Similarly, the warming would be reversible, stopping within a few years if release was switched off.

Potential impact and future research

Much work remains to be done, the scientists said. We don't know exactly how fast the engineered dust would cycle out of Mars' atmosphere, for example. Mars does have water and clouds, and, as the planet warms, it's possible that water would increasingly start to condense around the particles and fall back to the surface as rain.

"Climate feedbacks are really difficult to model accurately," Kite cautioned. "To implement something like this, we would need more data from both Mars and Earth, and we'd need to proceed slowly and reversibly to ensure the effects work as intended."

While this method represents a significant leap forward in terraforming research, the researchers emphasize that the study focuses on warming Mars to temperatures suitable for microbial life and possibly growing food crops -- not on creating a breathable atmosphere for humans.

"This research opens new avenues for exploration and potentially brings us one step closer to the long-held dream of establishing a sustainable human presence on Mars," said Kite.

Ansari is the lead author of the study. Other coauthors of the study were Ramses Ramirez of the University of Central Florida and Liam Steele, formerly a postdoctoral researcher at UChicago, now with the European Center for Medium-Range Weather Forecasts.

The authors used the Quest high-performance computing facility at Northwestern and the University of Chicago Research Computing Center.
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Social rank may determine if animals live fast, die young | ScienceDaily
Anyone who has picnicked on the beach has experienced the unpleasant crunch of a sandwich with a surprise helping of sand. But for primates, the tolerance for sand may depend on whether their energy is better spent reproducing and fighting rivals or on protecting their teeth from a mouthful of grit, according to a new Dartmouth study.


						
Social rank may determine whether animals prioritize immediate energy consumption over long-term health, or vice versa, the researchers report in the journal eLife. They observed the eating habits of long-tailed macaques on Thailand's Koram Island and found that the dominant and lowest-ranked animals briefly rubbed sand-covered food on their fur or between their paws before devouring it, along with most of the sand, and moving on to the next morsel.

Middle-ranked monkeys, however, having more time on their paws, carried their food to the water's edge and washed it in the sea to remove the sand. These animals often expended time and energy scrubbing their snacks past the point when they were clean and would even amble down the beach on their hind legs with their front paws full of food.

Nathaniel Dominy, the study's corresponding author and the Charles Hansen Professor of Anthropology at Dartmouth, says the findings provide insight into how animals -- even those in hierarchical groups -- choose survival strategies based on individual needs. The study supports the disposable soma hypothesis, which proposes that animals sometimes prioritize immediate survival and reproduction over longevity, Dominy says, adding, "Delayed gratification has its limits."

That may be the case for monkeys at the top and the bottom of the social ladder, for whom life is short and hard, Dominy says. As a result, these animals consume and conserve energy whenever they can. Existing research shows that sand causes significant damage to macaque tooth enamel. But for dominant males especially, that may not be important in a life fraught with challengers.

"High-ranking males are constantly lunging at or chasing other males, behaviors that maximize their siring of offspring. So, they need to eat rapidly to make up for that energy expenditure and that's exactly what we saw them doing," Dominy says. "They just stuff food into their mouths -- sand be damned -- because they don't have time to walk to the water. It's the urgency of now that matters, not their teeth. To humans, it seems like a shrewd calculation."

The monkeys that wash their food might instead be playing a long game, says Amanda Tan, the study's co-corresponding author and an assistant professor of anthropology at Durham University. Tan worked on the project as a postdoctoral scholar in Dominy's research group at Dartmouth.




"We think these animals invest a lot more time in washing their food because they cannot afford to damage their teeth and compromise their longevity," Tan says. "This strategy could allow them to maximize their potential reproductive success by living longer and producing more offspring over their lifetime."

The findings also could shed light on how the wear and pitting observed in the fossilized teeth of early humans relate to social structure and access to water, Dominy says.

"What if tooth wear is telling us about rank, not food properties," Dominy asks. "If we find more variable wear on a male hominin tooth, the classic interpretation is that it's the result of a varied diet. We ought to consider the possibility that he was eating quickly and couldn't be bothered to clean his food. Or maybe he lived in an area that was historically arid. We have cause to be more open-minded about variable tooth wear."

To observe the macaques' eating habits, Tan and the study's first author, Jessica Rosien '21, arranged plastic trays on the beach that contained cucumber slices. The slices were either on their own, placed on top of sand, or buried in sand. Rosien and Tan recorded the animals every day for six weeks as they foraged for cucumbers in the trays, capturing nearly 1,300 instances of food-handling by 42 individual macaques.

The monkeys that washed their food devoted an average of five seconds to over a minute to each cucumber slice -- often washing multiple slices -- while the average amount of time spent just brushing sand off a slice was effectively zero, the researchers report. That time makes a difference. In lab trials with sand-coated cucumbers, the researchers found that washing removed 93% of sand and brushing removed only 75%.

The researchers determined social rank using established methods of observing how the animals interact. But the social order was not subtle, Rosien says. She recalls a low-ranking male that, rejected by his peers, spent his time sitting next to her on the beach. A high-ranked female would fearlessly challenge other macaques for their cucumbers and steal anything Rosien left unattended, including her backpack of supplies. "I loved getting to know the different monkeys' personalities over time and I definitely got a sense of the impact of social rank," she says.




Before the study, Tan worked on Koram Island for years observing how the macaques developed skills using tools through social learning. She knew that some animals washed their food while others did not. It was Dominy who wondered if there was a rank-based trade-off between getting calories quickly versus preventing tooth wear, Tan says. "To our knowledge, no one had tested the hypothesis that food-washing served as an adaptive function for removing grit," she says.

Food-washing among primates is not common, Dominy says. The Koram Island macaques were first observed doing so after the 2004 Indian Ocean earthquake and tsunami. Their habit became a draw for tourists, who, before authorities put a stop to it, would throw fruit on the beach from boats to watch the animals wash it in the surf.

The other known instance is among the Japanese macaques on Japan's Kojima Island. In the 1950s, researchers studying the animals lured them toward the beach with wheat and sweet potatoes to observe them more clearly.

In 1953, a young female named Imo first picked up a sandy sweet potato and washed it in a stream. Five years later, the other animals had taken up the practice, washing their food in the sea. Today, 92% of the Kojima Island macaques wash their food.

"I love the story of Imo," Rosien says. "It shows how an individual can cause a shift in a whole population. To see such a significant advance in real time makes it easier to understand how small changes can lead to big changes."

The spread of a similar habit in two independent populations separated by 50 years and 5,000 miles speaks to the value of culture, Dominy says.

"You have to be experimental and entrepreneurial to invent a new behavior out of whole cloth, but it has to be clear enough that other individuals will understand its purpose and copy it," he says. "And they have to be smart enough to recognize when another animal has figured out something valuable. That's what culture is -- seeing the value of a new behavior and adopting it."

The value for the macaques of washing their food was considered so obvious, no one had studied it before, the researchers write in their paper. "Even if something seems intuitive, it's still important to be curious, ask questions, and test assumptions," Tan says.

"In this case," she continues, "our study provides a fuller picture of the various trade-offs that animals may juggle relative to their place in a social structure and gives us a better understanding of how that leads individuals to behave distinctly."
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Soft gold enables connections between nerves and electronics | ScienceDaily
Gold does not readily lend itself to being turned into long, thin threads. But researchers at Linkoping University in Sweden have now managed to create gold nanowires and develop soft electrodes that can be connected to the nervous system. The electrodes are soft as nerves, stretchable and electrically conductive, and are projected to last for a long time in the body.


						
Some people have a "heart of gold," so why not "nerves of gold"? In the future, it may be possible to use this precious metal in soft interfaces to connect electronics to the nervous system for medical purposes. Such technology could be used to alleviate conditions such as epilepsy, Parkinson's disease, paralysis or chronic pain. However, creating an interface where electronics can meet the brain or other parts of the nervous system poses special challenges.

"The classical conductors used in electronics are metals, which are very hard and rigid. The mechanical properties of the nervous system are more reminiscent of soft jelly. In order to get an accurate signal transmission, we need to get very close to the nerve fibres in question, but as the body is constantly in motion, achieving close contact between something that is hard and something that is soft and fragile becomes a problem," says Klas Tybrandt, professor of materials science at the Laboratory of Organic Electronics at Linkoping University, who led the research.

Researchers therefore want to create electrodes that have good conductivity as well as mechanical properties similar to the softness of the body. In recent years, several studies have shown that soft electrodes do not damage the tissue as much as hard electrodes may do. In the current study, published in the journal Small, a group of researchers at Linkoping University have developed gold nanowires -- a thousand times thinner than a hair -- and embedded them in an elastic material to create soft microelectrodes.

"We've succeeded in making a new, better nanomaterial from gold nanowires in combination with a very soft silicone rubber. Getting these to work together has resulted in a conductor that has high electrical conductivity, is very soft and made of biocompatible materials that function with the body," says Klas Tybrandt.

Silicone rubber is used in medical implants, such as breast implants. The soft electrodes also include gold and platinum, metals that are common in medical devices for clinical use. However, making long, narrow gold nanostructures is very difficult. This has so far been a major obstacle, but the researchers have now come up with a new way to manufacture gold nanowires. And they do it by using silver nanowires.

As silver has unique properties that make it a very good material to create the kind of nanowires that the researchers are after, it is used in some stretchable nanomaterials. The problem with silver is that it is chemically reactive. In the same way that silver cutlery will discolour over time when chemical reactions occur on the surface, silver in nanowires breaks down so that silver ions leak out. In a high enough concentration, silver ions can be toxic to us.




It was when Laura Seufert, a doctoral student in Klas Tybrandt's research group, was working on finding a way to synthesize, or "grow," gold nanowires that she came up with a new approach that opened up new possibilities. At first, it was difficult to control the shape of the nanowires. But then she discovered a way that resulted in very smooth wires. Instead of trying to grow gold nanowires from the beginning, she started with a thin nanowire made of pure silver.

"As it's possible to make silver nanowires, we take advantage of this and use the silver nanowire as a kind of template on which we grow gold. The next step in the process is to remove the silver. Once that's done, we have a material that has over 99 per cent gold in it. So it's a bit of a trick to get around the problem of making long narrow gold nanostructures," says Klas Tybrandt.

In collaboration with Professor Simon Farnebo at the Department of Biomedical and Clinical Sciences at Linkoping University, the researchers behind the study have shown that the soft and elastic microelectrodes can stimulate a rat nerve as well capture signals from the nerve.

In applications where the soft electronics are to be embedded in the body, the material must last for a long time, preferably for life. The researchers have tested the stability of the new material and concluded that it will last for at least three years, which is better than many of the nanomaterials developed so far.

The research team is now working on refining the material and creating different types of electrodes that are even smaller and can come into closer contact with nerve cells.

The research has been funded with support from, among others, the Swedish Foundation for Strategic Research, the Swedish Research Council, the Knut and Alice Wallenberg Foundation and through the Swedish Government's strategic research area in advanced functional materials, AFM, at Linkoping University.
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Carvings at ancient monument may be world's oldest calendars | ScienceDaily
Markings on a stone pillar at a 12,000 year-old archaeological site in Turkey likely represent the world's oldest solar calendar, created as a memorial to a devastating comet strike, experts suggest.


						
The markings at Gobekli Tepe in southern Turkey -- an ancient complex of temple-like enclosures adorned with intricately carved symbols -- could record an astronomical event that triggered a key shift in human civilisation, researchers say.

The research suggests ancient people were able to record their observations of the sun, moon and constellations in the form of a solar calendar, created to keep track of time and mark the change of seasons.

Fresh analysis of V-shaped symbols carved onto pillars at the site has found that each V could represent a single day. This interpretation allowed researchers to count a solar calendar of 365 days on one of the pillars, consisting of 12 lunar months plus 11 extra days.

The summer solstice appears as a separate, special day, represented by a V worn around the neck of a bird-like beast thought to represent the summer solstice constellation at the time. Other statues nearby, possibly representing deities, have been found with similar V-markings at their necks.

Since both the moon's and the sun's cycles are depicted, the carvings could represent the world's earliest so-called lunisolar calendar, based on the phases of the moon and the position of the sun -- pre-dating other known calendars of this type by many millennia.

Ancient people may have created these carvings at Gobekli Tepe to record the date a swarm of comet fragments hit Earth nearly 13,000 years ago -- or 10,850 BC -- researchers say.




The comet strike is suggested to have ushered in a mini ice age lasting over 1,200 years, wiping out many species of large animals. It could also have triggered changes in lifestyle and agriculture thought to be linked to the birth of civilisation soon afterwards in the fertile crescent of West Asia.

Another pillar at the site appears to picture the Taurid meteor stream -- which is thought to be the source of the comet fragments -- lasting 27 days and emanating from the directions of Aquarius and Pisces.

The find also appears to confirm that ancient people were able to record dates using precession -- the wobble in Earth's axis which affects the movement of constellations across the sky -- at least 10,000 years before the phenomenon was documented by Hipparchus of Ancient Greece in 150 BC.

The carvings appear to have remained important to the people of Gobekli Tepe for millennia, suggesting the impact event may have triggered a new cult or religion that influenced the development of civilisation.

The find also supports a theory that Earth faces increased comet strikes as its orbit crosses the path of circling comet fragments, which we normally experience as meteor streams.

Dr Martin Sweatman, of the University of Edinburgh's School of Engineering, who led the research, said: "It appears the inhabitants of Gobekli Tepe were keen observers of the sky, which is to be expected given their world had been devastated by a comet strike. This event might have triggered civilisation by initiating a new religion and by motivating developments in agriculture to cope with the cold climate. Possibly, their attempts to record what they saw are the first steps towards the development of writing millennia later."
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Smallest arm bone in human fossil record sheds light on the dawn of Homo floresiensis | ScienceDaily

Dated to about 700,000 years old, the new findings shed light on the evolution of Homo floresiensis, the so-called 'Hobbits' of Flores whose remains were uncovered in 2003 at Liang Bua cave in the island's west by a team co-led by Australian-New Zealand archaeologist Professor Mike Morwood (1950-2013).

Archaeological evidence suggests these diminutive, small-brained humans inhabited Liang Bua as recently as 50,000 years ago, a time when our own species (Homo sapiens) was already long established in Australia to the south.

There has been much debate about the origin of the mysterious humans from Flores. It was first hypothesised that Homo floresiensis was a dwarfed descendant of early Asian Homo erectus.

Another theory is that the 'Hobbit' is a late-surviving remnant of a more ancient hominin from Africa that pre-dates Homo erectus and was small in stature to begin with, in which case possible candidates include Homo habilis or the famous 'Lucy' (Australopithecus afarensis).

Other than Liang Bua, hominin fossils have only ever been found at a single location on Flores: the open-air site of Mata Menge 75km to the east of the cave. Located in the sparsely populated tropical grasslands of the So'a Basin, this site has previously yielded several hominin fossils (a jaw fragment and six teeth) excavated from a layer of sandstone laid down by a small stream around 700,000 years ago.

Pre-dating the Liang Bua hominins by 650,000 years, the Mata Menge fossil remains have been shown to belong to at least three individuals with even slightly smaller jaws and teeth than Homo floresiensis, implying that small body size evolved early in the history of Flores hominins.




However, as postcranial elements (bones from below the head) had not been found in the fossil record at this site it could not be confirmed that these So'a Basin hominins were at least as small as, if not slightly smaller than, Homo floresiensis.

It was also unclear what species the Mata Menge fossils belonged to, owing to the lack of more diagnostic specimens. However, some teeth were deemed to be intermediate in form between those of early Asian Homo erectus and Homo floresiensis.

The new study published in Nature Communications was led by Professor Yousuke Kaifu of the University of Tokyo, Iwan Kurniawan of the Center for Geological Survey in Indonesia, and Associate Professor Gerrit van den Bergh from the University of Wollongong.

It reports the discovery of three additional hominin fossils from Mata Menge dating to 700,000 years ago, the outcome of several field seasons of excavations at this site. Most importantly, the new assemblage includes the first postcranial element, a distal shaft of an adult humerus (lower half of the upper arm bone).

The recovery of a fossil limb bone from the Mata Menge excavation site has been long-awaited because of the wealth of evidence it provides regarding the ancestral origin of Homo floresiensis.

Digital microscopy of the microstructure indicates that the small humerus is from an adult individual. Based on the estimated length of the bone, the team was able to calculate the body height of this hominin to be about 100cm tall. This is around 6cm shorter than the estimated body height of the 60,000-year-old Homo floresiensis skeleton from Liang Bua (~106cm, based on the femoral length).




"This 700,000-year-old adult humerus is not just shorter than that of Homo floresiensis, it is the smallest upper arm bone known from the hominin fossil record worldwide," said Professor Adam Brumm from Griffith University's Australian Research Centre for Human Evolution, a co-author of the paper.

"This very rare specimen confirms our hypothesis that the ancestors of Homo floresiensis were extremely small in body size; however, it is now apparent from the tiny proportions of this limb bone that the early progenitors of the 'Hobbit' were even smaller than we had previously thought."

The two additional hominin teeth from Mata Menge are also small in size and one bears shape characteristics that are most consistent with early Homo erectus of Java. This similarity does not support the hypothesis that Homo floresiensis evolved from an earlier and more primitive type of hominin, the likes of which have never been recovered from Indonesia, or indeed the wider region outside Africa.

The Mata Menge human remains, which now total 10 fossil specimens, are from at least four individuals (including two children). All of them are very similar anatomically to the Liang Bua Homo floresiensis and can now be regarded as an older variant of this hominin. However, while a direct ancestor of the 'Hobbit', this earlier form had a less specialised dentition (more primitive teeth) than its descendant at Liang Bua.

Further, it is evident from the tiny arm bone that extreme body size reduction occurred early in the history of the Flores hominins.

"The evolutionary history of the Flores hominins is still largely unknown," said Professor Brumm. "However, the new fossils strongly suggest that the 'Hobbit' story did indeed begin when a group of the early Asian hominins known as Homo erectus somehow became isolated on this remote Indonesian island, perhaps one million years ago, and underwent a dramatic body size reduction over time."
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Astronomers uncover risks to planets that could host life | ScienceDaily
A groundbreaking study has revealed that red dwarf stars can produce stellar flares that carry far-ultraviolet (far-UV) radiation levels much higher than previously believed. This discovery suggests that the intense UV radiation from these flares could significantly impact whether planets around red dwarf stars can be habitable. Led by current and former astronomers from the University of Hawaii Institute for Astronomy (IfA), the research was recently published in the Monthly Notices of the Royal Astronomical Society.


						
"Few stars have been thought to generate enough UV radiation through flares to impact planet habitability. Our findings show that many more stars may have this capability," said astronomer Vera Berger, who undertook the study while in the Research Experiences for Undergraduates program at IfA, an initiative supported by the National Science Foundation.

Berger and her team used archival data from the GALEX space telescope to search for flares among 300,000 nearby stars. GALEX is a now-decommissioned NASA mission that simultaneously observed most of the sky at near-and far-UV wavelengths from 2003 to 2013. Using new computational techniques, the team mined novel insights from the data.

"Combining modern computer power with gigabytes of decades-old observations allowed us to search for flares on thousands and thousands of nearby stars," said Michael Tucker, a PhD graduate of IfA and now a postdoctoral fellow at Ohio State University.

UV's double edge 

According to researchers, UV radiation from stellar flares can either erode planetary atmospheres, threatening their potential to support life, or contribute to the formation of RNA building blocks, which are essential for the creation of life.

This study challenges existing models of stellar flares and exoplanet habitability, showing that far-UV emission from flares is on average three times more energetic than typically assumed, and can reach up to twelve times the expected energy levels.




"A change of three is the same as the difference in UV in the summer from Anchorage, Alaska to Honolulu, where unprotected skin can get a sunburn in less than 10 minutes," said Benjamin J. Shappee, an Associate Astronomer at IfA who mentored Berger.

Hidden causes 

The exact cause of this stronger far-UV emission remains unclear. The team believes it might be that flare radiation is concentrated at specific wavelengths, indicating the presence of atoms like carbon and nitrogen.

"This study has changed the picture of the environments around stars less massive than our Sun, which emit very little UV light outside of flares," said Jason Hinkle, a PhD candidate at IfA who co-authored the study.

According to Berger, now a Churchill Scholar at the University of Cambridge, more data from space telescopes is needed to study the UV light from stars, which is crucial for understanding the source of this emission.
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Hydraulic lift technology may have helped build Egypt's iconic Pyramid of Djoser | ScienceDaily
The Pyramid of Djoser, the oldest of Egypt's iconic pyramids, may have been built with the help of a unique hydraulic lift system, according to a study published August 5, 2024, in the open-access journal PLOS ONE by Xavier Landreau from CEA Paleotechnic Institute, France, and colleagues. The new study suggests that water may have been able to flow into two shafts located inside the pyramid itself, where that water could have been used to help raise and lower a float used to carry the building stones.


						
The Pyramid of Djoser, also known as the Step Pyramid, is believed to have been built around 2680 BCE as a funerary complex for the Third Dynasty pharaoh Djoser. Yet the exact method of its construction remains unclear. In this new interdisciplinary analysis, researchers suggest that the nearby Gisr el-Mudir enclosure -- a previously unexplained structure -- may have functioned as a "check dam" to capture water and sediment. In addition, a series of compartments dug into the ground outside of the pyramid may have served as a water treatment facility, allowing sediment to settle as water passed through each subsequent compartment. Water may then have been able to flow into the pyramid shafts themselves, where the force of its rise could help carry the building stones.

Further research is still needed to understand how water might have flowed through the shafts, as well as how much water was available on the landscape at that point in Earth's history. But the authors of this new study suggest that even as other building methods like ramps were probably also used to help build the pyramid, a hydraulic lift system could have been used to support the building process when there was enough water.

The authors add: "A collaborative effort between the newly established research institute, Paleotechnic, and several national laboratories (INRAE, University of Orleans) has led to the discovery of a dam, a water treatment facility, and a hydraulic elevator, which would have enabled the construction of the Step Pyramid of Saqqara. This work opens a new research line for the scientific community: the use of hydraulic power to build the pyramids of Egypt."
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Physicists develop new method to combine conventional internet with the quantum internet | ScienceDaily
Researchers at Leibniz University Hannover send entangled photons and laser pulses of the same colour over a single optical fibre for the first time.


						
Four researchers from the Institute of Photonics at Leibniz University Hannover have developed a new transmitter-receiver concept for transmitting entangled photons over an optical fiber. This breakthrough could enable the next generation of telecommunications technology, the quantum Internet, to be routed via optical fibers. The quantum Internet promises eavesdropping-proof encryption methods that even future quantum computers cannot decrypt, ensuring the security of critical infrastructure.

"To make the quantum Internet a reality, we need to transmit entangled photons via fiber optic networks," says Prof. Dr. Michael Kues, Head of the Institute of Photonics and Board Member of the PhoenixD Cluster of Excellence at Leibniz University Hannover. "We also want to continue using optical fibers for conventional data transmission. Our research is an important step to combine the conventional Internet with the quantum Internet."

In their experiment, the researchers demonstrated that the entanglement of photons is maintained even when they are sent together with a laser pulse. "We can change the color of a laser pulse with a high-speed electrical signal so that it matches the color of the entangled photons," explains Philip Rubeling, a doctoral student at the Institute of Photonics researching the quantum Internet. "This effect enables us to combine laser pulses and entangled photons of the same color in an optical fiber and separate them again."

This effect could integrate the conventional Internet with the quantum Internet. Until now, it has not been possible to use both transmission methods per color in an optical fiber. "The entangled photons block a data channel in the optical fiber, preventing its use for conventional data transmission," says Jan Heine, a doctoral student in Kues' group.

With the concept demonstrated for the first time in the experiment, the photons can now be sent in the same color channel as the laser light. This implies that all color channels could still be used for conventional data transmission. "Our experiment shows how the practical implementation of hybrid networks can succeed," says Prof. Michael Kues. The research results were published in Science Advances.
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Scientists pin down the origins of the moon's tenuous atmosphere | ScienceDaily
While the moon lacks any breathable air, it does host a barely-there atmosphere. Since the 1980s, astronomers have observed a very thin layer of atoms bouncing over the moon's surface. This delicate atmosphere -- technically known as an "exosphere" -- is likely a product of some kind of space weathering. But exactly what those processes might be has been difficult to pin down with any certainty.


						
Now, scientists at MIT and the University of Chicago say they have identified the main process that formed the moon's atmosphere and continues to sustain it today. In a study appearing in Science Advances, the team reports that the lunar atmosphere is primarily a product of "impact vaporization."

In their study, the researchers analyzed samples of lunar soil collected by astronauts during NASA's Apollo missions. Their analysis suggests that over the moon's 4.5-billion-year history its surface has been continuously bombarded, first by massive meteorites, then more recently, by smaller, dust-sized "micrometeoroids." These constant impacts have kicked up the lunar soil, vaporizing certain atoms on contact and lofting the particles into the air. Some atoms are ejected into space, while others remain suspended over the moon, forming a tenuous atmosphere that is constantly replenished as meteorites continue to pelt the surface.

The researchers found that impact vaporization is the main process by which the moon has generated and sustained its extremely thin atmosphere over billions of years.

"We give a definitive answer that meteorite impact vaporization is the dominant process that creates the lunar atmosphere," says the study's lead author, Nicole Nie, an assistant professor in MIT's Department of Earth, Atmospheric, and Planetary Sciences. "The moon is close to 4.5 billion years old, and through that time the surface has been continuously bombarded by meteorites. We show that eventually, a thin atmosphere reaches a steady state because it's being continuously replenished by small impacts all over the moon."

Nie's co-authors are Nicolas Dauphas, Zhe Zhang, and Timo Hopp at the University of Chicago, and Menelaos Sarantos at NASA Goddard Space Flight Center.

Weathering's roles

In 2013, NASA sent an orbiter around the moon to do some detailed atmospheric reconnaissance. The Lunar Atmosphere and Dust Environment Explorer (LADEE, pronounced "laddie") was tasked with remotely gathering information about the moon's thin atmosphere, surface conditions, and any environmental influences on the lunar dust.




LADEE's mission was designed to determine the origins of the moon's atmosphere. Scientists hoped that the probe's remote measurements of soil and atmospheric composition might correlate with certain space weathering processes that could then explain how the moon's atmosphere came to be.

Researchers suspect that two space weathering processes play a role in shaping the lunar atmosphere: impact vaporization and "ion sputtering" -- a phenomenon involving solar wind, which carries energetic charged particles from the sun through space. When these particles hit the moon's surface, they can transfer their energy to the atoms in the soil and send those atoms sputtering and flying into the air.

"Based on LADEE's data, it seemed both processes are playing a role," Nie says. "For instance, it showed that during meteorite showers, you see more atoms in the atmosphere, meaning impacts have an effect. But it also showed that when the moon is shielded from the sun, such as during an eclipse, there are also changes in the atmosphere's atoms, meaning the sun also has an impact. So, the results were not clear or quantitative."

Answers in the soil

To more precisely pin down the lunar atmosphere's origins, Nie looked to samples of lunar soil collected by astronauts throughout NASA's Apollo missions. She and her colleagues at the University of Chicago acquired 10 samples of lunar soil, each measuring about 100 milligrams -- a tiny amount that she estimates would fit into a single raindrop.

Nie sought to first isolate two elements from each sample: potassium and rubidium. Both elements are "volatile," meaning that they are easily vaporized by impacts and ion sputtering. Each element exists in the form of several isotopes. An isotope is a variation of the same element, that consists of the same number of protons but a slightly different number of neutrons. For instance, potassium can exist as one of three isotopes, each one having one more neutron, and there being slightly heavier than the last. Similarly, there are two isotopes of rubidium.




The team reasoned that if the moon's atmosphere consists of atoms that have been vaporized and suspended in the air, lighter isotopes of those atoms should be more easily lofted, while heavier isotopes would be more likely to settle back in the soil. Furthermore, scientists predict that impact vaporization, and ion sputtering, should result in very different isotopic proportions in the soil. The specific ratio of light to heavy isotopes that remain in the soil, for both potassium and rubidium, should then reveal the main process contributing to the lunar atmosphere's origins.

With all that in mind, Nie analyzed the Apollo samples by first crushing the soils into a fine powder, then dissolving the powders in acids to purify and isolate solutions containing potassium and rubidium. She then passed these solutions through a mass spectrometer to measure the various isotopes of both potassium and rubidium in each sample.

In the end, the team found that the soils contained mostly heavy isotopes of both potassium and rubidium. The researchers were able to quantify the ratio of heavy to light isotopes of both potassium and rubidium, and by comparing both elements, they found that impact vaporization was most likely the dominant process by which atoms are vaporized and lofted to form the moon's atmosphere.

"With impact vaporization, most of the atoms would stay in the lunar atmosphere, whereas with ion sputtering, a lot of atoms would be ejected into space," Nie says. "From our study, we now can quantify the role of both processes, to say that the relative contribution of impact vaporization versus ion sputtering is about 70:30 or larger." In other words, 70 percent or more of the moon's atmosphere is a product of meteorite impacts, whereas the remaining 30 percent is a consequence of the solar wind.

"The discovery of such a subtle effect is remarkable, thanks to the innovative idea of combining potassium and rubidium isotope measurements along with careful, quantitative modeling," says Justin Hu, a postdoc who studies lunar soils at Cambridge University, who was not involved in the study. "This discovery goes beyond understanding the moon's history, as such processes could occur and might be more significant on other moons and asteroids, which are the focus of many planned return missions."

"Without these Apollo samples, we would not be able to get precise data and measure quantitatively to understand things in more detail," Nie says. "It's important for us to bring samples back from the moon and other planetary bodies, so we can draw clearer pictures of the solar system's formation and evolution."

This work was supported, in part, by NASA and the National Science Foundation.
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When it comes to DNA replication, humans and baker's yeast are more alike than different | ScienceDaily
Humans and baker's yeast have more in common than meets the eye, including an important mechanism that helps ensure DNA is copied correctly, reports a pair of studies published in the journals Science and Proceedings of the National Academy of Sciences.


						
The findings visualize for the first time a molecular complex -- called CTF18-RFC in humans and Ctf18-RFC in yeast -- that loads a "clamp" onto DNA to keep parts of the replication machinery from falling off the DNA strand.

It is the latest discovery from longtime collaborators Huilin Li, Ph.D., of Van Andel Institute, and Michael O'Donnell, Ph.D., of The Rockefeller University, to shed light on the intricate mechanisms that enable the faithful passage of genetic information from generation to generation of cells.

"The accurate copying of DNA is fundamental to the propagation of life," Li said. "Our findings add key pieces to the puzzle of DNA replication and could improve understanding of DNA replication-related health conditions."

DNA replication is a tightly controlled process that copies the genetic code, allowing its instructions to be conveyed from one generation of cells to the next. In diseases like cancer, these mechanisms can fail, leading to uncontrolled or faulty replication with devastating consequences.

To date, at least 40 diseases, including many cancers and rare disorders, have been linked to problems with DNA replication.

The process begins by unzipping DNA's ladder-like structure, resulting in two strands called the leading and lagging strands. A molecular construction crew then assembles the missing halves of the strands, turning a single DNA helix into two. Much of this work falls to enzymes called polymerases, which assemble the building blocks of DNA.




On their own, however, polymerases aren't good at staying on the DNA strand. They require CTF18-RFC in humans and Ctf18-RFC in yeast to thread a ring-shaped clamp onto the DNA leading strand, and another clamp loader called RFC in both human and yeast to thread the clamp onto the lagging strand. The clamp then closes and signals to the polymerases that they can begin replicating DNA.

Using high-powered cryo-electron microscopes, Li, O'Donnell and their teams revealed previously unknown facets of the leading strand clamp loaders' structures, including a "hook" that forces the leading strand polymerase to let go of the new DNA strand so it can be recognized by the clamp loader. This distinction represents a key difference between the functions of the leading strand clamp loader (CTF18-RFC) and the lagging strand clamp loader (RFC) and illuminates an important aspect of varying DNA duplication mechanisms on the leading and lagging strands.

Lastly, the study identified shared features between the yeast and human leading strand clamp loaders, which demonstrate an evolutionary link between the two. This finding underscores the value of yeast as powerful yet simple models for studying genetics.

Other authors of the Proceedings of the National Academy of Sciences paper include Qing He, Ph.D., and Feng Wang, Ph.D., of VAI. Other authors of the Science paper include Zuanning Yuan, Ph.D., of VAI; and Roxana Georgescu, Ph.D., Nina Y. Yao, Ph.D., and Olga Yurieva, Ph.D., of The Rockefeller University.
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Half a billion-year-old spiny slug reveals the origins of mollusks | ScienceDaily
A team of researchers including scientists from the University of Oxford have made an astonishing discovery of a new species of mollusc that lived 500 million years ago. The new fossil, called Shishania aculeata*, reveals that the most primitive molluscs were flat, shell-less slugs covered in a protective spiny armour. The findings have been published today in the journal Science.


						
The new species was found in exceptionally well-preserved fossils from eastern Yunnan Province in southern China dating from a geological Period called the early Cambrian, approximately 514 million years ago. The specimens of Shishania are all only a few centimetres long and are covered in small spikey cones (sclerites) made of chitin, a material also found in the shells of modern crabs, insects, and some mushrooms.

Specimens that were preserved upside down show that the bottom of the animal was naked, with a muscular foot like that of a slug that Shishania would have used to creep around the seafloor over half a billion years ago. Unlike most molluscs, Shishania did not have a shell that covered its body, suggesting that it represents a very early stage in molluscan evolution.

Present-day molluscs have a dizzying array of forms, and include snails and clams and even highly intelligent groups such as squids and octopuses. This diversity of molluscs evolved very rapidly a long time ago, during an event known as the Cambrian Explosion, when all the major groups of animals were rapidly diversifying. This rapid period of evolutionary change means that few fossils have been left behind that chronicle the early evolution of molluscs.

Corresponding author Associate Professor Luke Parry, Department of Earth Sciences, University of Oxford, said: 'Trying to unravel what the common ancestor of animals as different as a squid and oyster looked like is a major challenge for evolutionary biologists and palaeontologists -- one that can't be solved by studying only species alive today. Shishania gives us a unique view into a time in mollusc evolution for which we have very few fossils, informing us that the very earliest mollusc ancestors were armoured spiny slugs, prior to the evolution of the shells that we see in modern snails and clams.'

Because the body of Shishania was very soft and made of tissues that don't typically preserve in the fossil record, the specimens were challenging to study, as many of the specimens were poorly preserved.

First author Guangxu Zhang, a recent PhD graduate from Yunnan University in China who discovered the specimens said: 'At first I thought that the fossils, which were only about the size of my thumb, were not noticeable, but I saw under a magnifying glass that they seemed strange, spiny, and completely different from any other fossils that I had seen. I called it "the plastic bag" initially because it looks like a rotting little plastic bag. When I found more of these fossils and analysed them in the lab I realised that it was a mollusc.'




Associate Professor Parry added: 'We found microscopic details inside the conical spines covering the body of Shishania that show how they were secreted in life. This sort of information is incredibly rare, even in exceptionally preserved fossils.'

The spines of Shishania show an internal system of canals that are less than a hundredth of a millimetre in diameter. These features show that the cones were secreted at their base by microvilli, tiny protrusions of cells that increase surface area, such as in our intestines where they aid food absorption.

This method of secreting hard parts is akin to a natural 3D printer, allowing many invertebrate animals to secrete hard parts with huge variation of shape and function from providing defence to facilitating locomotion.

Hard spines and bristles are known in some present-day molluscs (such as chitons), but they are made of the mineral calcium carbonate rather than organic chitin as in Shishania. Similar organic chitinous bristles are found in more obscure groups of animals such as brachiopods and bryozoans, which together with molluscs and annelids (earthworms and their relatives) form the group Lophotrochozoa.

Professor Parry added: 'Shishania tells us that the spines and spicules we see in chitons and aplacophoran molluscs today actually evolved from organic sclerites like those of annelids. These animals are very different from one another today and so fossils like Shishania tell us what they looked like deep in the past, soon after they had diverged from common ancestors.'

Co-author Jakob Vinther at the University of Bristol said: 'Molluscs today are extraordinarily disparate and they diversified very quickly during the Cambrian Explosion, meaning that we struggle to piece together their early evolutionary history. We know that the common ancestor of all molluscs alive today would have had a single shell, and so Shishania tells us about a very early time in mollusc evolution before the evolution of a shell.'

Co-corresponding author Xiaoya Ma (Yunnan University and University of Exeter) said: 'This new discovery highlights the treasure trove of early animal fossils that are preserved in the Cambrian rocks of Yunnan Province. Soft bodied molluscs have a very limited fossil record, and so these very rare discoveries tell us a great deal about these diverse animals.'

*Etymology of Shishania aculeata: Shishan refers to Shishan Zhang, for his outstanding contributions to the study of early Cambrian strata and fossils in eastern Yunnan; aculeata (Latin), having spines, prickly.
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